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PREFACE 

The plight of the girl child is a significant research and policy issue. The World Declaration 
on the Survival, Protection and Development of Children adopted at the World Summit for 
Children in 1990 and the Programme of Action adopted at the International Conference on 
Population and Development (ICPD) in 1994 both call for efforts to eliminate all forms of 
discrimination against the girl child. In particular, the ICPD Programme of Action calls for the 
elimination of excess mortality of girls where it exists, and for special education and public 
information efforts to promote equal treatment of girls and boys with respect to nutrition and 
health care. In response to those concerns and the need to identify measures aimed at eliminating 
the pattern of excess and preventable mortality among young girls, the Population Division of the 
Department for Economic and Social Affairs of the United Nations Secretariat has undertaken 
a study of the sex differentials in infant, child and under-five mortality and the specific 
mechanisms that may lead to excess female mortality in childhood. 

The results of the Population Division's study consists of 10 chapters that explore a broad 
range of mechanisms, ranging from the biological to the social and economic, that influence sex 
differentials in childhood mortality. The mechanisms considered affect mortality differentials 
either directly, as in the case of the nutritional status of boys and girls or the differential use of 
health care by sex of child, or indirectly, as in the case of maternal education and decisions 
regarding the intra-household allocation of resources. The study also provides a historical 
account of the evolution of the sex differentials in childhood mortality in today's developed 
countries during the nineteenth and early twentieth centuries. Another major contribution is its 
measurement and analysis of the levels and trends of infant, child and under-five mortality for 
boys and girls during the 1970s and 1980s. Such analysis allows the identification of the 
countries and regions in which girls have a survival disadvantage compared to boys, and permits 
an objective assessment of the magnitude and extent of excess female mortality in childhood. 

The United Nations wishes to accord recognition and appreciation to the experts who 
prepared the papers presented in the present volume. Acknowledgement is also due to 
Mr. Kenneth Hill, Department of Population Dynamics, School of Hygiene and Public Health, 
Johns Hopkins University, who assisted in the evaluation of the estimates of mortality by sex that 
are presented, and to Mr. John Cleland, Centre for Population Studies, London School of 
Hygiene and Tropical Medicine, who served as scientific editor. Lastly, the financial 
contributions of the United Nations Population Fund and the United Nations Children's Fund to 
this project are gratefully acknowledged. 

iii 





CONTENTS 

Page 

Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii 

Explanatory notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xi 

THE EXTENT AND CAUSES OF FEMALE DISADVANTAGE IN MORTALITY: AN OVERVIEW •.••••••••••••••••. 

Chapter 

I. 

II. 

DIFFERENTIAL MORTALITY BY SEX FROM BIRTH TO ADOLESCENCE: THE JUSTORICAL 

EXPERIENCE OF THE WEST (1750-1930) 
Dominique Tabutin and Michel Willems ....................................... . 

FACTORS DETERMINING THE SEX RATIO AT BIRTH 
Ingrid Waldron ........................................................... . 

III. SEX DIFFERENCES IN INFANT AND EARLY CIDLDHOOD MORTALITY: MAJOR CAUSES OF DEATH 

AND POSSIBLE BIOLOGICAL CAUSES 

17 

53 

Ingrid Waldron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 

IV. LEVELS AND TRENDS OF SEX DIFFERENTIALS IN INFANT, cmLD AND UNDER-FIVE MORTALITY 
United Nations Secretariat .................................................. . 

V. MALNUTRITION, MORBIDITY AND CIDLD MORTALITY IN DEVELOPING COUNTRIES 
David Pelletier .............................. ,. ............................. . 

VI. SEX DIFFERENTIALS IN THE NUTRITIONAL STATUS OF YOUNG CIDLDREN 
A. Elisabeth Sommerfelt and Fred Arnold ...................................... . 

VII. CAN USE OF HEAL TH CARE EXPLAIN SEX DIFFERENTIALS IN CIDLD MORTALITY IN THE 

DEVELOPING WORLD? 

84 

109 

133 

Ian Timreus, Katie Harris and Francesca Fairbairn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154 

VIII. THE EFFECT OF MATERNAL EDUCATION ON CIDLD HEAL TH AND SURVIVAL - DO GIRLS BENEFIT? 
John Cleland and Katie Harris ............................................... . 179 

IX. SON PREFERENCE, FAMILY BUILDING PROCESS AND CIDLD MORTALITY 
Minja Kim Choe, Ian Diamond, Fiona Alison Steele and Seung Kwon Kim ............ . 208 

x. INTRA-HOUSEHOLD ALLOCATION OF RESOURCES: IS THERE A GENDER BIAS? 
Jere R. Behrman .......................................................... . 223 

v 



TABLES 

No. Page 

1. Probabilities of dying (per 1,000) for both sexes combined and male to female ratios of those 
probabilities in the national life tables of Denmark, France and Sweden, eighteenth century . . . . . 21 

2. Male to female ratios of the probabilities of dying by age group according to local or regional 
studies, seventeenth and eighteenth centuries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

3. Male and female probabilities of dying (per 1,000), male to female ratios of the probability of 
dying for age group 5-19 and expectations of life according to social group, Geneva ( 1725-1790 
cohorts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 

4. Selected characteristics of excess female mortality over age group 5-14 at the national level, 
1820 to 1930 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 

5. Male to female ratios of the probabilities of dying by major region, 1860, 1900 and 1930 . . . . . . . 27 
6. Probability of dying (per 1,000) for both sexes combined, by age group, according to type of 

habitat and economic structure, Belgium, 1890 and 1910 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 
7. Male to female ratios of the probability of dying, by age group, region and type of district, 

Belgium, 1890 and 1910 ......................................... : . . . . . . . . . . . . . . . . 34 
8. Probability of dying (per 1,000) over age group 5-19 by sex, region and type of district, Belgium, 

1890 and 1910 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
9. Percentage of deaths of persons aged 1-9 whose cause is "other or unknown", by sex in selected 

countries, circa 1900 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 
10. Percentage of deaths caused by infectious diseases among all deaths, by age, England and Wales, 

selected dates........................................................... . . . . . . . . 38 
11. Male to female ratios of the probability of dying before age l, by cause of death, selected 

countries ar\d dates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
12. Probability of dying (per 1,000) before age 1, by cause for males, and male to female ratios of 

those probabilities, Italy, 1891, 1901 and 1921 . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . 39 
13. Male to female ratios of the probability of dying due to pulmonary tuberculosis or infectious and 

parasitic diseases, by age group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
14. Ratios of male to female mortality rates, by age group and cause of death, England and Wales, 

1848-1947 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
15. Mortality rates (per 1,000), by sex and cause of death for age group 5-9, Italy, 1881-1940 . . . . . . 43 
16. Mortality rates (per 1,000) over age group 7-20, by cause of death, Belgium, 1890 and 1910 . . . . 43 
17. Ratio of male to female mortality rates (per 1,000) caused by pulmonary tuberculosis over age 

groups 0-4 and 5-19 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
18. Mortality rates (per 10,000) caused by pulmonary tuberculosis for males, by age group, and male 

to female ratios, Italy, 1881-1951 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
19. Sex ratios of live births, selected developing countries................................... 54 
20. Sex ratios of live births, total births and late fetal mortality risk, selected developing countries, 

1980-1984 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 
21. Sex differentials in infant mortality, by cause of death, Cuba, Chile, Argentina and Sri Lanka . . . . 67 
22. Sex differentials in infant and early child mortality, by cause of death, Bamako, Mali, and 

Matlab, Bangladesh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 
23. Sex differentials in infant mortality, by age and cause of death, Cuba and Chile . . . . . . . . . . . . . . . 68 
24. Sex differentials in infant mortality due to congenital anomalies and perinatal conditions in the 

United States and Japan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 
25. Sex differentials in early child mortality, by cause of death, Argentina, Chile, Cuba and Sri 

Lanka......................................................................... 71 
26. Summary of data on sex differences in levels of immune components in infants and children up 

to age 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •. . . . . . . . . . . . . . . 75 

vi 



No. Page 

27. Number of estimates of under-five mortality, by type of estimate, major area and number of 
countries with estimates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . 88 

28. Number of countries and percentage of population covered in study . . . . . . . . . . . . . . . . . . . . . . . . 88 
29. Estimates of male, female and both sexes infant, child and under-five m<>rQllity, and sex 

differentials in infant, child and under-five mortality by country and date of estimate . . . . . . . . . . 89 
30. Median and weighted average sex differentials, by regional groups . . . . . . . . . . . . . . . . . . . . . . . . 94 
31. Trends in sex differentials, selected countries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104 
32. Average and median sex differentials in infant, child and under-five mortality, by region, 1970s 

and 1980s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105 
33. Global burden of diseases in children under five years....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118 
34. Relative risk of death due to malnutrition, by cause of death . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119 
35. Malnutrition as an associated cause of death among children under 5 years of age (excluding 

neonatal deaths), by proximate cause of death in 13 Latin American projects combined . . . . . . . . 119 
36. Summary of results on sex differentials in mortality from prospective studies . . . . . . . . . . . . . . . . 112 
37. Infant and child mortality and low weight-for-age in countries used in cross-national analysis . . . 124 
38. Multiple regression results for infant and child mortality in 37 countries . . . . . . . . . . . . . . . . . . . . 126 
39. Anthropometry in Demographic and Health Surveys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135 
40. Sampling errors for indicators ofundemutrition for children aged 3-35 months, by sex, Egypt, 

Malawi and Pakistan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138 
41. Undemutrition among children under 3 years of age: among children 3-35 months of age, the 

percentage who are classified as stunted, underweight and wasted . . . . . . . . . . . . . . . . . . . . . . . . . 140 
42. Nutritional status of children under 3 years of age: among children 3-35 months of age, the 

average height-for-age, weight-for-age, and weight-for-height Z-score . . . . . . . . . . . . . . . . . . . . . . 141 
43. Undemutrition among children under 5 years of age: among children 0-59 months of age, the 

percentage who are classified as stunted, underweight and. wasted . . . . . . . . . . . . . . . . . . . . . . . . . 142 
44. Nutritional status of children under 5 years of age: among children 0-59 months of age, the 

average height-for-age, weight-for-age, and weight-for-height Z-score . . . . . . . . . . . . . . . . . . . . . . 143 
45. Stunting among children according to age: in each age group, the percentage who were classified 

as stunted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146 
46. Underweight among children according to age: in each age group, the percentage who were 

classified as underweight........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147 
47. Wasting among children according to age: in each age group, the percentage who were classified 

as wasted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148 
48. Infant and child mortality rates, by sex, for the 10-year period preceding the survey 

(OHS, 1986-1993)............................................................... 156 
49. Male-to-female ratios of immunization coverage and completeness among children aged 12-23 

months........................................................................ 161 
50. Minimum, maximum and median values of the prevalence of diarrhoea, fever and cough . . . . . . . 163 
51. Male-to-female ratios of diarrhoea morbidity and treatment among children aged under 5 years . . 164 
52. Male-to-female ratios offever morbidity and treatment among children aged under 5 years . . . . . 166 
53. Male-to-female ratios of cough/difficult breathing morbidity and treatment among children aged 

under 5 years . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167 
54. Associations between the sex differential in child mortality (4q1) and sex differentials in the use 

of health services . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175 
SS. Number of children aged 3-3S months, who are at risk of stunting, by maternal education ..... ·. . 186 
56. Percentage of children aged 3-35 months who are stunted, by sex and by education of mother . . . 190 
57. Reported prevalence of diarrhoea in the two weeks prior to interview among children under 

5 years of age, by sex of the child . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193 

vii 



No. Page 

58. Number of children under 5 years of age, who are at risk of diarrhoeal morbidity, by maternal 
education . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194 

59. Sex differentials in the proportion of children under 5 years of age with diarrhoea in the last two 
weeks, who were given any treatment, taken to a modem health facility, and were given ORS . . . 197 

60. Sex differentials in the proportion of children under 5 years of age with diarrhoea in the last two 
weeks, who were given any treatment, who were taken to a modem health facility, and who were 
given ORS, by education of mother . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 

61. Probability of death between 6 and 60 months per 1,000 live births, by sex . . . . . . . . . . . . . . . . . . 203 
62. Probability of death between 6 and 60 months per 1,000 live births, by sex and by education of 

mother ......................................................... ·. . . . . . . . . . . . . . . 205 
63. Percentage change in probability of death, by sex, for various educational transitions . . . . . . . . . . 206 
64. Levels and differentials of fertility and child mortality in Egypt, Bangladesh and the Republic 

of Korea... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211 
65. Probabilities of having next birth within 2 years by initial parity, sex of index child, and sex 

composition of other surviving children in Egypt, for index births occurring between 1979 and 
1983 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213 

66. Estimated relative risks of probabilities of dying between ages 2 and 5, by sex of the index child 
and sex composition of older surviving siblings, births of order 3-9 born between 1979 and 1983, 
Egypt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214 

67. Probabilities of having next birth within 2 years by initial parity, sex of index child, and sex 
composition of other surviving children in Bangladesh, for index births occurring between 1979 
and 1983 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 216 

68. Relative risks of child mortality, by sex and sex composition of surviving siblings at the time of 
birth for children of birth order 3-9 born between 1979 and 1983, Bangladesh . . . . . . . . . . . . . . . . 217 

69. Probabilities of having next birth within 5 years, by initial parity, year of index birth and whether 
the family has a surviving son in Republic of Korea, births of initial parity in 1975-1984 . . . . . . . 218 

70. Odds ratios ofunder-five mortality (birth to age 5), by sex, for children of birth orders 1-5 born 
between 1971 and 1988, Republic of Korea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219 

FIGURES 

1. Absolute differences of probabilities of dying between males and females and male to female 
ratios of those probabilities, Belgium, 1899-190 l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 

2. Male to female ratios of the probability of dying, 1800-1980 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
3. Evolution of the male to female ratios of the probability of dying by age, 1850-1930, selected 

countries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 
4. Evolution by single year of age (0-20) of the male to female ratios of the probability of dying, 

France and Switzerland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
5. Comparison of male mortality levels and male to female ratios of the probability of dying in France 

and in Sweden, 1750-1930 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 
6. Probabilities of dying over age group 5-19 for both sexes compared with male to female ratios 

of those probabilities in 41 districts of Belgium, 1890 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
7. Probability of dying over age group 5-19 in the 41 districts of Belgium, 1890 . . . . . . . . . . . . . . . . 36 
8. Sex ratios of blood levels oflmmunoglobulin M {lgM) in infants and children . . . . . . . . . . . . . . . 76 
9. Sex differentials in infant mortality, by region and total... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94 

10. Sex differentials in child mortality, by region and total .................. ._........... . . . . 95 

viii 



No. Page 

11. Sex differentials in under-five mortality, by region and total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96 
12. Ratio of male to female infant mortality, by level of under-five mortality for both sexes . . . . . . . . 99 
13. Infant mortality sex differentials, by level of under-five mortality: sub-Saharan Africa . . . . . . . . . 100 
14. Infant mortality sex differentials by level of under-five mortality: Northern Africa and Western 

Asia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 
15. Infant mortality sex differentials, by level of under-five mortality: Eastern and South-eastern 

Asia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 
16. Infant mortality sex differentials, by level of under-five mortality: South-central Asia . . . . . . . . . 100 
17. Infant mortality sex differentials, by level ofunder-five mortality: Latin America and the 

Caribbean . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 
18. Ratio of male to female child mortality, by level ofunder-five mortality for both sexes . . . . . . . . . 101 
19. Child mortality sex differentials, by level ofunder-five mortality: sub-Saharan Africa . . . . . . . . . 102 
20. Child mortality sex differentials, by level of under-five mortality: Northern Africa and Western 

Asia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102 
21. Child mortality sex differentials, by level of under-five mortality: Eastern and South-eastern 

Asia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102 
22. Child mortality sex differentials, by level ofunder-five mortality: South-central Asia . . . . . . . . . . 102 
23. Child mortality sex differentials, by level ofunder-five mortality: Latin America and the 

Caribbean . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102 
24. Causes of malnutrition and death . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111 
25. Behavioural determinants of child anthropometry and survival . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112 
26. Relationship between child mortality and weight-for-age as a percentage of international 

median........................................................................ 114 
27. Deaths of children under age 5 caused by the potentiating effects of severe and mild-to-moderate 

(MM) malnutrition on infectious diseases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117 
28. Main effects of gender on causes of mortality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121 
29. Relation between infant and child mortality and malnutrition prevalence in 37 developing 

countries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125 
30. Sex mortality ratios before and after equalization ofnutritional status (infants) . . . . . . . . . . . . . . . 127 
31. Sex mortality ratios before and after equalization of nutritional status (children) . . . . . . . . . . . . . . 128 
32. Difference between male and female undemutrition among children 3-35 months of age, who 

are classified as stunted, underweight and wasted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144 
33. Difference between males and females who were classified as stunted by age group . . . . . . . . . . . 150 
34. Difference between males and females who were classified as underweight by age group . . . . . . . 150 
35. Difference between males and females who were classified as wasted by age group . . . . . . . . . . . 151 
36. Ratio of male to female childhood mortality (4ql), by region . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158 
37. Ratio of the proportions of ever-vaccinated boys to girls aged 12-23 months, according to 

different reporting methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159 
38. Number of countries according to the direction of the sex differential in vaccination coverage, 

by region . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162 
39. Ratio of the proportions of boys to girls aged less than 5 years with diarrhoea, fever and cough, 

by region . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168 
40. Number of countries according to the direction of the sex differential in the treatment of 

symptoms of dic:ease, by region . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170 
41. Number of countries according to the direction of the sex differential in treatment at a facility 

among those treated, by region . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172 
42. Number of countries according to the direction of the sex differential in effective treatment 

among those treated, by region . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172 

ix 



No. Page 

43. Number of large Indian states according to the direction of the sex differential in use of 
preventive and curative health services, by region of India . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173 

44. Proportions of children aged 3-35 months who are stunted, by education of mother ........ , . . . 191 
45. Sex differentials in proportion of children aged 3-35 months who are stunted, by education of 

mother, for all countries in sample according to different reporting methods . . . . . . . . . . . . . . . . . 192 
46. Percentage of children under 5 years of age with diarrhoea in the last two weeks, who received 

any treatment, by education of mother . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195 
4 7. Percentage of children under 5 years of age with diarrhoea in the last two weeks, who were taken 

to a modem health facility for treatment, by education of mother . . . . . . . . . . . . . . . . . . . . . . . . . . I 96 
48. Sex differentials in any treatment, modem health facility use and ORS use for diarrhoea in 

children under 5 years of age, by education of mother, for all countries in sample . . . . . . . . . . . . . I99 
49. Probability of death between 6 and 60 months, by education of mother . . . . . . . . . . . . . . . . . . . . . 20I 
50. Sex differentials in child mortality risk (54q6), by education of mother, for all countries in 

sample . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204 
5 I . The relationship between overall parity progression ratio and the effect of son preference 

measured by the relative risk: six provinces in China, 1977-1987 . . . . . . . . . . . . . . . . . . . . . . . . . . 210 
52. Household objection function-illustrative equal-welfare curves . . . . . . . . . . . . . . . . . . . . . . . . . 226 
53. Curvature of equal-welfare curves: extremes for equity-productivity trade-off (curve I-only 

productivity; curve 2--only equity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 226 
54. Symmetry of equal-welfare curves around 45 ° ray from origin: equal concern (curve 1) versus 

unequal concern favouring sons over daughters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 226 
55. Production possibility frontier for expected earnings of sons versus daughter . . . . . . . . . . . . . . . . . 230 
56. Constrained maximization of household objective function with equal concern between son's 

expected earnings and daughter's expected earnings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 230 
57. Constrained maximization of household objective function with unequal concern favouring son's 

expected earnings relative to daughter's expected earnings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 230 

ANNEX TABLES 

A. I. Time series of the probability of dying for age groups, 0- I, 1-4 and 5-14, and male to female 
ratios of such probabilities for 24 countries or areas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 245 

A.2. Definition of"modem health facility use" variable by OHS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254 
A.3. Estimated effects of sex composition of surviving children and other covariates on parity 

progression: Egypt, women who gave births of initial parity in I 979- I 983 . . . . . . . . . . . . . . . . . . 255 
A.4. Estimated effects of sex composition of surviving children and other covariates on child mortality 

(ages 2-5): Egypt, children of birth order 3-9 born in I979-I983 . . . . . . . . . . . . . . . . . . . . . . . . . . 256 
A.5. Estimated effects of sex composition of surviving children and other covariates on parity 

progression: Bangladesh, women who gave births of initial parity in 1979-1983 . . . . . . . . . . . . . . 257 
A.6. Estimated effects of sex composition of surviving children and other covariates on child 

mortality (ages 2-5): Bangladesh, children of birth order 3-9 born in 1979-1983 . . . . . . . . . . . . . . 258 
A. 7. Estimated effects of sex composition of surviving children and other covariates on parity 

progression: Republic of Korea, women who gave births of initial parity in 1975-1984 . . . . . . . . . 259 
A.8. Estimated effects of sex and other covariates on child mortality {birth to age 5): Republic of 

Korea, children of birth order I -6 born in 197 I - I 988 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260 

x 



Explanatory notes 

Symbol of United Nations documents are composed of capital letters combined with figures. 

The following symbols have been used in the tables throughout the present publication: 

Two dots( .. ) indicate that data are not available or are not reported separately. 
An em dash(-} indicates that the amount is nil or negligible. 
A hyphen (-) indicates that the item is not applicable. 
A minus sign ( - ) before a number indicates a decrease. 
A point(.) is used to indicate decimals. 
A slash(/) indicates a crop year or financial year, e.g., 1988/1989. 
Use of a hyphen(-) between dates representing years (e.g., 1985-1989), signifies the full 

period involved, including the beginning and end years. 

Details and percentages in table do not necessarily add to totals because ofrounding. 
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THE EXTENT AND CAUSES OF FEMALE DISADVANTAGE 
INMORTALITY: ANOVERVIEW 

Although major improvements in child survival have 
been achieved in developing countries over the past two 
decades, deaths to children under age 5 still account for 
23 per cent of all deaths in those countries. Approxi
mately one child in 20 dies before reaching school age, 
and in many countries that proportion is well over one 
in five. The plight of female children has attracted 
particular attention. In most low-income countries, girls 
lag well behind boys in primary and secondary school 
enrolment As adults, they experience severe disadvan
tage in labour markets and in control over resources. 
There are justifiable concerns that such disparities 
between the sexes extend to life itself. At the 1994 
International Conference on Population and Develop
ment, special emphasis was placed on the need to 
improve the health, welfare and survival of the girl child. 

The central purpose of the present volume is to 
provide a scientific assessment of the health and sur
vival of girls relative to boys so that future policies and 
programmes can be based on a correct understanding of 
the situation. The volume begins with a broad analysis 
of historical trends in sex-specific mortality in today's 
developed countries, but its main focus is on childhood 
mortality in developing countries since 1970. The 
central questions addressed in the volume are simple 
and stark. In what regions and countries are girls 
disadvantaged relative to boys in terms of health and 
survival? Has the magnitude of such disadvantage 
changed over the last 25 years? What behavioural 
mechanisms are involved? And what are the motives 
underlying the disadvantage? As will become apparent, 
some of those key questions can be answered with 
reasonable confidence. Others, however, still require 
further study before firm conclusions can be reached. 

The relative survival of males and females has in
trigued commentators for centuries, and has been a 
major preoccupation of modern epidemiology and 
demography. The present volume builds upon a consid
erable body of earlier scientific studies, most recently 
studies by Tabutin and Willems (1995) and by Hill and 
Upchurch (1995). Its unique contribution stems partly 
from the amount of relevant information that has been 
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assembled. Estimates of sex differences in under-five 
mortality have been made for 82 out of a total of 100 
developing counties with a population in excess of one 
million in 1990. Those 82 countries contain over 90 per 
cent of the population of the developing world. That 
central material is complemented by data on the nutri
tional status of boys and girls from 41 developing 
country surveys, and by chapters that address the 
mechanisms and motives that underlie female-male 
differences in health and survival. 

A. Tow ARDS A DEFINITION OF FEMALE 
MORTALITY DISADVANTAGE 

The identification of female disadvantage in terms of 
health and survival has to take into account genetic 
differences between the sexes. Sex differences in 
mortality that arise from innate genetic factors need to 
be distinguished as clearly as possible from differences 
that reflect behavioural and environmental factors, such 
as child-care practices. The distinction is necessary 
because the latter factors, unlike the former, may reflect 
gender bias and are more amenable to corrective action. 
The term "female disadvantage" is used here to denote 
mortality or morbidity in females that arises from 
differences between the sexes in behavioural factors, 
which may reflect deliberate discrimination by adults in 
favour of males or other considerations that have little 
to do with any conscious bias. 

Female disadvantage may be masked by biological 
factors that tend to.favour girls. Thus, as noted in Hill 
and Upchurch (1995), the occurrence of higher child
hood mortality in girls than in boys may be too stringent 
a criterion of female disadvantage. The fact that expec
tations of life in most societies are longer for women 
than for men is sometimes erroneously interpreted to 
signify that men are generally more vulnerable to 
disease than women. The evidence reviewed in chap
ters II and III emphasizes the diversity and complexity 
of the genetic influences on male-female differences in 
mortality, as well as their interaction with environmental 
factors. 



The picture that emerges from the present review is 
that males do indeed suffer a considerable genetic 
disadvantage at very young ages. Although_ little is 
reliably known about sex differences in foetal mortality 
in the first month or so following conception, males have 
higher mortality than females in the third to the fifth 
month of gestational age. That sex difference attenuates 
in the third trimester but re-emerges strongly after birth. 
Males are invariably more likely to die from perinatal 
causes than females, probably due to the greater inci
dence of prematurity in males and the fact that their 
lungs are less well developed. That greater susceptibil
ity of males compared with females extends to infectious 
disease mortality during infancy, probably because the 
male immune system is weaker than that offemales. 

Between ages 1 and 5, evidence of genetic disadvan
tage in boys is inconclusive. The evidence presented in 
chapter III below suggests that the risks of dying from 
respiratory infections are probably similar for both 
sexes, although the risks vary for deaths due to diar
rhoeal diseases. Measles mortality, however, tends to be 
higher among girls than among boys. Indeed, the only 
common cause of childhood death that is nearly always 
more common among one sex than the other is accidents 
and violence. Using data for 18 middle-income develop
ing countries, Taket (1986) has shown that mortality 
risks due to accidents are on average 34 per cent higher 
among young boys than among young girls. The 
vulnerability of boys probably stems from their greater 
physical activity, aggression and risk-taking propensi
ties. Some studies have pointed to a genetic origin for 
that difference between the sexes: higher prenatal levels 
of testosterone may predispose boys to physical activity 
and aggression. Any such genetic predisposition is 
reinforced by widespread differences in the socialization 
of boys and girls. 

The genetic evidence serves to demonstrate the 
difficulty of reaching an objective definition of female 
disadvantage or excess female mortality. Expected 
male-female mortality ratios depend on the level, age 
structure and cause-of-death structure of mortality. As 
risks of death from communicable diseases recede, the 
genetic vulnerability of males in the early weeks of life 
becomes an increasingly important determinant of sex 
differences in mortality. At the same time, the contribu
tion of accidents and violence to total mortality tends to 
increase, and that factor also acts to elevate mortality 
risks among boys relative to girls. The review contained 
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in chapter III below also implies that the importance of 
specific types of infectious diseases may have to be 
taken into account in any attempt to define a standard by 
which to identify excess female mortality. 

One approach to the problem is that adopted by Hill 
and Upchurch (1995). They use life-tables covering the 
period 1920-1964 for four north-western European 
countries and New Zealand to derive standard or ex
pected mortality sex ratios in infancy and early child
hood. Those countries are selected because the data are 
of high quality and span a wide range of mortality levels. 
The latter feature allows the authors to calculate ex
pected mortality sex ratios for different overall levels of 
under-five mortality. A further reason for selecting those 
countries is the authors' assumption that any discrimina
tion against girls is small and stable over time. 

The information and analysis contained in chapter I 
permits an assessment of the validity of using the 
historical record of today's developed countries as a 
yardstick to evaluate sex-specific mortality in developing 
countries. The main analysis is based on 201 life-tables 
covering the period 1700-1930 for 24 countries, most of 
which are in Europe. 

One of the important lessons to emerge from chapter 
I is the fact that in many of those countries, girls experi
enced higher mortality than boys between the ages of 5 
and 14 years (see figure 2). Clearly, excess female 
mortality, however defmed, is not unique to developing 
regions. Furthermore, the data presented in chapter I 
demonstrate that the mortality of females at ages 5-14 
relative to boys worsened in many countries during the 
nineteenth century. Sharp differentials in death rates 
due to tuberculosis and other infectious diseases appear 
to be the main contributor to higher female than male 
mortality at those ages. 

More relevant to the main focus of the present volume 
is the historical evidence concerning sex differentials in 
infant and early child mortality. The detailed country
specific data are contained in annex table A.1, and are 
summarized in figures 1 and 2. Male-to-female ratios of 
infant mortality lie within the range of 11 Q to 122 deaths 
in males per 100 deaths in females, with very few 
exceptions, during the period 1800-1900. Thereafter, 
there is a clear upward drift in the ratios towards 130. 
As expected, sex ratios in child mortality are closer to 
unity. During the nineteenth century, they typically 



range from 98-108. A small excess male mortality 
between ages one and four is widespread but not univer
sal. 

The analysis in chapter I provides a valuable historical 
perspective to the later chapters, which focus on devel
oping country data for the 1970s and 1980s. The results 
suggest, for instance, that male-to-female ratios of infant 
mortality that fall appreciably below 110 are sufficiently 
unusual to arouse suspicions that females may be 
disadvantaged. Similarly, for child mortality, ratios that 
are appreciably below 100 constitute prima facie 
evidence of female disadvantage. For several reasons, 
however, the experience of European and other now 
developed countries in the nineteenth century cannot be 
used with confidence as a yardstick by which to identify 
and quantify female disadvantage in today's developing 
countries. Those reasons include: (a) the variability in 
mortality sex ratios both between and within the coun
tries studied; (b) differences in the disease environment 
(malaria, for instance, is a major cause of childhood 
death in Africa but had been eliminated from much of 
Europe by the nineteenth century); (c) huge differences 
between the nineteenth and late twentieth centuries in the 
efficacy of both preventive and curative medical prac
tices; and lastly (d) the untenability of the assumption 
that discrimination against girls was of minor impor
tance in Europe and was stable over time. 

Accordingly, a pragmatic approach to the measure
ment of female disadvantage is adopted in the present 
volume. Rather than impose an unsatisfactory numerical 
standard, the relationship between the health and sur
vival of females and males will be described with an 
emphasis on a search for regional patterns and for 
consistency between the different strands of evidence. 
As will become apparent, such an approach succeeds in 
identifying those countries and regions where there is 
good reason to believe that girls are disadvantaged 
compared to boys. 

B. SEX DIFFERENCES IN MORTALITY 

The key results concerning male-female differences in 
mortality are contained in chapter IV. As mentioned 
earlier, relevant estimates were obtained for 82 develop
ing countries with a population in excess of 1 million in 
1990. Table 28 further specifies the geographical 
coverage of the mortality analysis within three major 
areas and 12 regions. In Latin America and the Carib-
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bean, coverage is total. In Asia, estimates were obtained 
for only 25 out of 41 countries in the region, but those 
25 cases contain 94 per cent of Asia's population 
(excluding Japan). For Africa, data were assembled for 
34 of the 44 countries with a population of over 1 
million, representing 77 per cent of Africa's total 
population. Thus, the results and conclusions presented 
in chapter IV are based not only on the experience of a 
large number of countries but also on a reasonable cross
section of countries from all major regions. That 
representativity is an important achievement because 
hitherto a disproportionately large number of published 
studies on sex differentials in mortality have covered 
only a single region, South-central Asia. 

The accuracy of the data gathered is a crucial concern 
and is fully discussed in chapter IV. Considerable 
efforts were made to exploit all information sources for 
specific countries. Averaging procedures were used 
when two independent sources were available for the 
same time period, and consistency was enforced between 
indirect estimates of under-five mortality and direct 
estimates of the components of under-five mortality. 
Despite those steps to obtain the best possible estimates 
of sex differences in infant and child mortality, biases 
undoubtedly remain, and a degree of uncertainty sur
rounds any specific mortality sex ratio. 

The uncertainty stemming from possible errors in 
measurement is reinforced by considerations of sampling 
precision. Many of the estimates presented in chapter 
IV are based, in part, on sample surveys of 5,000-
10,000 households. Estimates of sex-specific mortality, 
even when based on the experience of all children born 
in the preceding 10 years, have large standard errors and 
correspondingly wide confidence intervals. It was 
impossible for the estimates presented in chapter IV to 
conduct formal tests to establish whether observed 
differences between male and female mortality were 
statistically significant because many of the estimates 
were derived from a combination of different data 
sources. However, for the estimates presented in chapter 
VIII it was feasible to test for statistical significance 
because the mortality data used in that chapter were 
derived from a single source, namely, enquiries con
ducted by the Demographic and Health Survey prog
rannne. The relevant data for 27 surveys may be found 
in table 62. Despite the wide variation in male-to
female mortality ratios, which ranged from 53-120, only 
one difference was found to be statistically significant at 
the 5 per cent level using the Cox-Mantel test. The 



implications are clear: the analysis of sex differentials 
in mortality should concentrate not on isolated results for 
specific countries (which may have arisen by chance) but 
on more pervasive patterns within regions. Furthennore, 
it is important to link the evidence on mortality with 
other fonns of evidence concerning nutritional status, 
immunization and health-care practices in order to build 
a coherent and convincing analysis. 

Both the historical analysis in chapter I and the review 
of biological evidence in chapters II and III lead to an 
expectation that mortality in infancy will be higher in 
boys than girls because of greater male vulnerability to 
most causes of infant death. Specifically, excess male 
mortality at those young ages is expected to lie in the 
range of 10-30 per cent, depending on the relative 
contributions of perinatal causes (to which boys are 
particularly vulnerable) and infectious diseases in the 
post-neonatal period (to which boys are probably 
relatively less vulnerable). 

For all 82 countries, the median sex ratio of infant 
mortality is 118 male deaths per I 00 female deaths. The 
median ratio is highest in Latin America and in Eastern 
and South-eastern Asia (at 123); intermediate in sub
Saharan Africa (116) and Northern Africa and Western 
Asia (111); and lowest in South-central Asia (108). 
Those summary figures suggest that the search for 
female disadvantage in infancy should focus initially on 
South-central Asia, and to a lesser extent on Northern 
Africa and Western Asia. Country-specific details are 
contained in table 29. It is immediately clear that the 
regional averages conceal considerable intraregional 
variation. In South-central Asia, unexpectedly low 
ratios are confined to Afghanistan, Bhutan, India and 
Nepal. In all those countries, the number of male deaths 
per 100 female deaths is below 110. Conversely, the 
ratios for Bangladesh, Pakistan and Sri Lanka are above 
110, and are thus broadly consistent with the European 
experience of the nineteenth century and other develop
ing regions in the past two decades. 

There is similar variability in Northern Africa and 
Western Asia. Of the 14 countries with relevant esti
mates, only five (Algeria, Egypt, Jordan, the Libyan 
Arab Jamahirya and Syria) record ratios that are consis
tently below 110 male deaths per I 00 female deaths. In 
a further two countries (Tunisia and Turkey), the esti
mated ratio for the 1970s is below 110 but that for the 
more recent decade is higher. 
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Do the summary figures for the other regions mask 
country-specific results that may imply a relative female 
disadvantage in infancy? In Latin America, the verdict 
is negative. Out of 42 estimates for the 1970s and 
1980s, only two ratios (Colombia in the 1980s and 
Paraguay in the 1970s) fall below 110, and in both of 
those countries a second estimate for a different decade 
is higher. In sub-Saharan Africa, a total of 40 estimates 
is available. In four cases, the number of male deaths 
per 100 female deaths is fractionally below 110, with 
ratios of 108 or 109. Only in Madagascar (100), the 
Niger (102) and Nigeria in the 1980s (105) are lower 
ratios recorded. It is entirely possible that female infants 
in those three countries experience some disadvantage 
relative to m8.Ies, but the results might equally well 
reflect errors in the data. On balance, there is little 
convincing evidence of female disadvantage in that 
region during infancy. In the fifth region, Eastern and 
South-eastern Asia, there is one clear and very important 
exception to the predominant pattern of high male to 
female ratios: China, where the ratio is estimated to be 
106 for the 1980s. The importance of that result stems 
from the huge population size of China. 

To sum up, examination of the sex ratios of infant 
mortality has identified certain countries in South-central 
Asia and in Northern Africa and Western Asia where 
there are unexpectedly large numbers of deaths of girls 
relative to boys. Outside of those two regions, the 
occurrence of similarly high relative death rates among 
female infants is rare and evidence of female disadvan
tage is correspondingly unconvincing. China appears to 
be a potentially important exception. 

Death rates in the early childhood years of one to five 
are a more sensitive test of female disadvantage than 
infant mortality rates. At those ages, exogenous rather 
than genetic causes of death predominate. Thus, any 
inequalities in the treatment of sons and daughters are 
less likely to be masked by genetic factors, though 
interpretation is still complicated by the greater suscepti
bility of boys than of girls to death from accidents and 
violence. 

For all 82 countries considered together, the analysis 
in chapter N shows that risks of death between the ages 
of one and five years are similar for males and females. 
The median ratio is 100 male deaths per 100 female 
deaths. Once again, South-central Asia and to a lesser 
extent Northern Africa and Western Asia stand out as 



regions with unexpectedly high female mortality relative 
to male mortality. In South-central Asia, a total of 12 
estimates is available. In all cases, the mortality of girls 
exceeds that ofboys. The median value of the mortality 
sex ratio is 86. The most pronounced excess female 
mortality is found in Bangladesh, India and Nepal in the 
1980s. In those three countries, girls are 20 to 30 per 
cent more likely to die in the childhood years than boys. 
In India and Nepal, evidence of unexpectedly high risks 
of death was also found in female infants, which further 
reinforces the case for female disadvantage. 

In Northern Africa and Western Asia, 24 estimates are 
available. In 15 cases, female mortality is higher than 
male mortality. The median value is 93 male deaths per 
100 females deaths. Excess female mortality appears to 
be most severe (15 per cent or more) in Egypt, Oman, 
the Syrian Arab Republic and Yemen. In the case of 
Oman and the Syrian Arab Republic, however, the 
estimates date from the 1970s and more recent data are 
unavailable. It should be noted that Egypt and the 
Syrian Arab Republic are among the countries in that 
region with evidence of female disadvantage in infancy. 

The pattern of results for the other major developing 
regions is broadly uniform. In all three regions, the 
median value of childhood mortality sex ratio is very 
close to 100. In both sub-Saharan Africa and Latin 
America, the number of estimates indicating higher 
mortality for males is slightly greater than the number 
showing higher mortality for females. In East and 
South-eastern Asia, those numbers are equal. In all 
three regions, the countries experiencing higher female 
child mortality than that among males fail to display 
clear-cut geographical patterns, although in Latin 
America and Africa they tend to cluster in Central 
America (including Mexico) and in Western and Central 
Africa. However, in most of those countries, the female 
disadvantage in childhood is small, amounting to less 
than a 10 per cent difference between the death rates of 
girls and boys between the ages of one and five. 
Countries for which excess female child mortality is 10 
per cent or higher include, in sub-Saharan Africa, 
Cameroon in the 1980s, Burundi, Namibia, the Niger 
and Togo. In Latin America, they include Paraguay in 
the 1980s, Guatemala, the Dominican Republic in the 
1980s and Haiti in the 1970s. In East and South-eastern 
Asia, the only countries that record marked excess 
female mortality in childhood are China and the Philip
pines in the 1970s. Although those data suggest that 
there are countries in all regions where girls are at a 
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disadvantage with respect to boys in terms of mortality 
risks, it is important to assess the strength of the avail
able evidence. In four of the countries identified above 
(Cameroon, the Dominican Republic, Haiti and the 
Philippines), estimates for a different decade are avail
able and they are all relatively close to 100. Though sex 
differentials do not necessarily remain constant, that 
inconsistencynevertheless argues for a cautious interpre
tation. Furthermore, in none of those four countries was 
there evidence of higher than expected infant mortality 
among girls. For Paraguay and Guatemala, estimates 
are also available for both the 1970s and the 1980s. In 
Guatemala, both estimates show consistently high excess 
female mortality in childhood, though no corresponding 
evidence of female disadvantage in infancy. In Para
guay, interpretation is complicated by erratic changes in 
mortality sex ratios, which probably reflect data errors. 
It would be unwise, therefore, to place much interpreta
tive weight on the above-mentioned figures. In the 
remaining six countries, only one estimate is available. 
In both China and the Niger, evidence of excess female 
mortality in childhood is buttressed by unusually high 
female mortality in infancy relative to male mortality. 
That leaves three African countries (Burundi, Namibia, 
and Togo), where there is no corresponding evidence of 
female disadvantage in infancy. Thus, the evidence of 
excess female mortality in childhood outside of the two 
regions where it is prevalent (South-central Asia and 
Northern Africa and Western Asia) is most convincing 
for China, the Niger and GuatenUtla, and suggestive, 
though less convincing, for Burundi, Namibia and Togo. 
That is, although child mortality among girls is higher 

than that among boys in nearly half of the countries in 
Africa, Latin America and Eastern and South-eastern 
Asia, the differences in most cases are small and cannot 
be given much weight, except for the cases singled out 
above. 

C. TRENDS IN SEX-SPECIFIC MORTALITY 

Estimates of sex-specific mortality for both the 1970s 
and the 1980s are available for a total of 52 countries. 
Though a decade is a short period in which to expect 
appreciable changes in the relative survival of males 
and females, large declines in overall under-five mortal
ity rates were recorded in many developing countries 
during that period. Those gains in child survival may 
have favoured one sex more than the other, so that shifts 
in ratios of male to female mortality might be antici
pated. 



For all 52 countries, the overall picture changes little 
between the 1970s and the 1980s. The median ratio of 
male to female deaths in infancy increased marginally 
from 118 to 119, as did the median ratio in childhood 
from 100 to 101. Disaggregation of those trends by 
region shows that male-to-female ratios in infant mortal
ity increased in all regions except for East and South
eastern Asia. Thus, the gap between male and female 
infant mortality appears to be widening gradually. 

The results in the childhood years of one to five are 
more interesting. In the countries of Northern Africa 
and Western Asia for which relevant estimates are 
available, the results suggest an improvement in the 
relative survival of females. The median ratio rose from 
93 in the 1970s to 101 in the 1980s, implying that a 7 
per cent excess female mortality in the earlier period 
disappeared in the 1980s. Out of the 10 countries in 
that region, seven experienced a relative improvement 
for females. In one, no change was observed and in two 
cases a relative deterioration was recorded. Those 
:figures constitute powerful evidence that the survival of 
girls increased slightly more than that of boys between 
the 1970s and 1980s in Northern Africa and Western 
Asia. Evidence from other analyses suggest that that 
trend marks a continuation of a longstanding relative 
improvement in the health and welfare of girls. 

Trends in South-central Asia appear to have moved in 
a different direction. Among the five countries of that 
region for which relevant data are available, an 11 per 
cent excess female mortality in the 1970s deepened into 
a 22 per cent excess in the 1980s. That relative deterio
ration offemale survival appears to have a long history, 
stretching back to the early part of the twentieth century. 
Examination of results for individual countries, however, 
reveals considerable variation. In Pakistan and Sri 
Lanka, the relative survival chances of girls in childhood 
appear to have improved between the 1970s and the 
1980s. In Bangladesh, India and Nepal, the relative 
survival chances of girls worsened. The result for India 
is particularly striking and important because of its large 
population. In the 1970s, excess female mortality in 
childhood was estimated at 11 per cent, but by the 
1980s, the excess had grown to 28 per cent. 

The data for Latin America and the Caribbean also 
provide grounds for concern that childhood survival 
trends may have favoured boys more than girls. Infor
mation for 18 countries is available. In nine countries, 
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the male-to-female childhood mortality ratio declined, 
compared with seven countries where. it increased. In 
the 1970s, the median value showed a 6 per cent sur
vival advantage for females. By the 1980s, that advan
tage had been reduced to 3 per cent. 

That evidence for Latin America of a slight but 
pervasive relative deterioration in childhood survival 
chances for girls is particularly surprising in view of the 
low levels of overall childhood mortality in the 1980s. 
For those 18 countries, the mean level of childhood 
mortality (11;) dropped from 28.3 per 1,000 in the 1980s 
to 13.6 per 1,000 in the 1980s, a 50 per cent decline. 
The expectation, based on the historical experience of 
developed countries, is for an increase in the male
female mortality difference because of a growing contri
bution of deaths due to accidents and violence to total 
deaths. Boys, it will be recalled, are more vulnerable to 
deaths due to those causes. 

In sub-Saharan Africa, mortality in childhood remains 
much higher than in Latin America and the gains re
corded between the 1970s and the 1980s were more 
modest. Moreover, many countries in that region 
suffered severely from the global recession of the 1980s. 
Falling household incomes may have led to attitudes that 
have favoured boys over girls, particularly with regard 
to the use of expensive curative health care. Trend data 
for 12 countries in sub-Saharan Africa permit an assess
ment of that proposition. In seven of those countries, the 
ratio of male to female probabilities of dying rose, and 
the median value changed from 101 to 104 male deaths 
per 100 female deaths. Thus, on average, in sub-Saha
ran Africa gains in survival for females appear to have 
outpaced those for males by a small margin. 

In conclusion, the information provided in chapter IV 
about trends in male-to-female mortality ratios reveals a 
complex situation. Between the 1970s and 1980s, the 
situation of girls during the childhood years has im
proved appreciably in Northern Africa and Western 
Asia. Many countries of that region have also achieved 
large increases in school enrolments for girls. In sub
Saharan Africa, a marginal improvement in the relative 
survival of girls may have occurred, but in Latin Amer
ica the trend has been in the opposite direction. Lastly, 
the evidence for several South-central Asian countries 
indicates that the survival chances of girls in child
hood have actually worsened compared with those of 
boys. 



0. SEXDIFFERENCESINHEAL1HSTATIJS 

Of the myriad of possible indicators of health status in 
young children, it is widely accepted that simple mea
sures of height and weight in relation to each other and 
to a child's chronological age provide the most useful 
overall assessment That usefulness stems from the fact 
the anthropometric or nutritional indicators derived from 
weight and height reflect the combined effects of past 
and recent diet, morbidity and childcare. The relative 
contribution of those three f~tors to impaired nutritional 
status varies, but it is well established that they operate 
synergistically. Thus, infections affect the body's ability 
to absorb, transport, store and utilize nutrients, and that 
reduced ability erodes the body's capacity to resist and 
respond to infection. Preventive and curative health care 
affects health status because of its influence on the 
incidence, duration and severity of illness. To a large 
extent, death and malnutrition have common causes, and 
death represents the visible tip of the malnutrition 
iceberg. 

The nutritional status of young boys and girls provides 
the central theme of two chapters. Chapter V presents a 
review of the causes and consequences of malnutrition, 
while chapter VI undertakes an empirical analysis of sex 
difference in nutritional status, drawing on data from 
recent surveys in developing countries. 

The review of prospective studies in chapter V shows 
that mortality increases steeply as nutritional status 
(weight-for-age) deteriorates. Specifically, it increases 
on average at a compounded rate of 5.9 per cent for each 
percentage point decline in weight-for-age. Relative to 
the risks in well-nourished children, the risks of death 
for children with severe, moderate and mild malnutrition 
are 8.4, 4.6 and 2.4 times greater, respectively. Remark
ably, the power of malnutrition to predict subsequent 
mortality appears to be similar in settings that have 
different disease environments, cultures and absolute 
levels of mortality. 

The discussion in chapter V provides an ideal intro
duction to chapter VI, which presents nationally repre
sentative data on nutritional status for 35 countries, 
collected between 1986 and 1994 in 41 surveys in the 
Demographic and Health Surveys programme. Three 
indicators of nutritional status have been calculated: 
height-for-age, weight-for-age and weight-for-height. 
Low height-for-age-or stunting-reflects relatively 
long-term or chronic undernutrition. Low weight-for-
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height-or wasting-reflects the effects of recent mor
bidity or deficient food intake. Low weight-for-age is a 
composite indicator that may reflect stunting, wasting or 
both. An International Reference Population is used to 
classify the percentage of children who are suffering from 
each of those three dimensions of undernutrition. 

The key results cover children aged from 3-35 months 
of age, though results from a subset of surveys are also 
available for all children under the age of five. The 
impression gained from all 41 surveys taken as a whole 
is that sex differences in nutritional status are generally 
very small in magnitude, and in most cases are within 
the bounds of sampling fluctuation. The median per
centage of boys classified as stunted is 30.0, compared 
to 28.7 for girls. For wasting, the corresponding values 
are 5.5 and 4.1, and for low weight-for-age, 25.5 and 
23.2. Inspection of individual estimates indicates that in 
the majority of populations, girls are slightly less likely 
than boys to suffer undernutrition. Thus, stunting is less 
common among girls than boys according to 35 out of 
the 41 surveys considered. The results for wasting 
favour females in 34 surveys, and those for low weight
for-age favour females in 30 surveys. 

When the data are disaggregated by age, the same 
pattern is repeated for infants and for children aged one 
year (see figures 33, 34 and 35). However, among 
older children, the nutritional advantage of girls largely 
disappears. Among children aged 24~35 months and 36-
59 months, girls are slightly more likely than boys to be 
underweight-for-age. With regard to stunting, levels in 
girls exceed those among boys at ages 24-35 months in 
24 out of 41 surveys, though in the older age group the 
advantage of girls is reasserted. A plausible interpreta
tion of those age differences in the relative nutritional 
status of boys and girls may be given. At ages below 
two years, the genetic vulnerability of boys to infection 
reduces their nutritional status relative to girls. Above 
the age of two years, that genetic difference is no longer 
relevant and the advantage of girls disappears, or in many 
countries is reversed. 

Two countries from South-central Asia are included in 
the analysis: Pakistan and Sri Lanka. Girls in Pakistan 
record better nutritional status than boys. However, in 
Sri Lanka, girls are slightly more likely than boys to be 
stunted and underweight-for-age. Relevant information 
on nutritional status is also available from enquiries 
conducted under the auspices of the United Nations 
Children's Fund (UNICEF) (UNICEF, 1993). They 



show that even in countries where there is strong evi
dence of female disadvantage in mortality, the nutritional 
status of boys and girls is similar. For instance, the 
prevalence of low weight-for-age is 1-6 per cent higher 
among girls than boys in China but 1-9 per cent lower 
among girls than boys in India. 

The fact that in all major developing regions the 
nutritional status of girls is little different from that of 
boys strongly suggests that systematic neglect of girls in 
terms of diet and domestic care is uncommon. The 
finding has major implications for an understanding of 
the mechanisms that are responsible for excess female 
mortality, which-as has already been shown-is 
widespread in South-central Asia and Northern Africa 
and Western Asia. 

E. MECHANISMS 

While the earlier chapters in the present volume lay 
out the descriptive evidence concerning the relative 
survival and health of young girls and boys in develop
ing countries, the later chapters address the mechanisms 
and motives that underlie those sex differences. Follow
ing the well- known framework of Mosely and Chen 
(1974) and the diagrams provided in chapter V, the 
biomedical and behavioural mechanisms that may affect 
differentially the survival of the two sexes can be 
categorized. The first such category concerns exposure 
to infection or other life-threatening hazards. Daughters 
and sons may experience differential exposure to risk if 
their activities differ or are supervised in different ways, 
or if different standards of hygiene are imposed on them. 
The second category concerns resistance to infection. As 
already discussed, biological or genetic differences 
between males and females are a crucial consideration 
here, particularly in the early months of life. Nutritional 
status, itself determined by the synergistic effects of diet 
and morbidity, is a key influence on resistance. Of equal 
relevance is vaccination against infectious diseases. A 
third block of factors may be termed response to illness 
or personal illness control. Included here are both the 
domestic response to symptoms of distress in children 
and resort to health services. A final category of 
mechanisms-maternal fuctors-is identified by Mosely 
and Chen. They include the nutritional status of the 
mother, her age at the birth of successive children and 
other characteristics of family formation, such as spacing 
between successive births. Most of those factors are not 
of prime interest to the topic of sex differences in 

8 

mortality because many maternal characteristics will be 
the same for sons and daughters. However, birth spacing 
may differ by sex for reasons that are discussed later. 

No attempt is made in the present volume to measure 
possible sex differentials in e°xposure to infection or 
other hazards. Indeed, the measurement of such expo
sure in large representative samples would be impossi
bly difficult because it would require detailed observa
tions coupled with biomedical assessment of pathogenic 
risk in different micro-environments. In many if not all 
societies, there is probably no great difference between 
young girls and boys in terms of their exposure to 
infection, except for a difference disadvantaging boys in 
exposure to fatal accidents and violence. 

Two dimensions of resistance to infection are ex
plored. The first is nutritional status, which are consid
ered in chapters V and VI. The conclusions are clear
cut. In most developing countries, girls have similar 
levels ofundernutrition to boys, and that generalization 
holds true even in settings where childhood death rates 
are markedly higher for girls than boys. That result 
implies but does not prove that the diets and domestic 
welfare of girls and boys do not differ radically. An 
alternative interpretation is that a greater susceptibility 
in males to infection is largely offset by superior nutri
tional intake. 

A second dimension of resistance to infections is 
examined in chapter VII, which analyses data on immu
nization collected for childfen aged under five years in 
44 national surveys conducted by the Demographic and 
Health Surveys programme between 1986 and 1994, 
together with the 1992-1993 National Family Health 
Survey of India. Results for India are presented at the 
national level and for northern and southern states of 
India separately. The rationale for that subnational 
breakdown is evidence that women have higher status 
and autonomy in the southern states than in the northern 
ones. 

Differentials by sex in the probability of receiving any 
vaccination or in the probability of receiving the full 
series of doses of recommended vaccines are small in 
most parts of the world, and do not clearly favour either 
sex. Results are available for only three countries in 
South-central Asia, but they prove to be a striking 
exception to the general picture of equality between the 
sexes. In Bangladesh, northern India (but not southern 
India) and Pakistan, boys are significantly more likely 



than girls to have received any vaccination and to have 
received a measles vaccination. The result for measles 
is particularly important because of evidence that 
vaccination against that disease exerts a powerful 
influence on survival. Among children who were given 
any vaccination, the proportion fully vaccinated was also 
higher for boys than girls in northern India and Pakistan 
but not in Bangladesh. Those results are entirely 
consistent with evidence of severe excess female mortal
ity in childhood in Bangladesh and India. In Pakistan, 
data for the 1970s indicated a 19 per cent female excess, 
which shrank to a 10 per cent excess in the 1980s. 

Can differential immunization coverage also help to 
explain the slight female mortality disadvantage in 
Northern Africa and Western Asia? Results are avail
able for six countries. In Jordan and Morocco, there is 
little or no difference in immunization coverage between 
the sexes. In Egypt and the Sudan, there is a very slight 
male advantage, which becomes more apparent in 
Tunisia and Yemen. Thus, the proposition that excess 
female mortality in that region reflects differential 
treatnient of boys and girls in that aspect of preventive 
care receives only weak support. 

Sex differences in morbidity may reflect variability in 
exposure or resistance, and are thus not amenable to 
simple interpretation. Most small studies have found 
higher morbidity in boys than girls, and that impression 
is confirmed in tables 51, 52 and 53. The data in those 
tables are derived from subsets of the same 44 national 
surveys that furnished the immunization results. They 
are presented as a background to the analysis of treat
ment, but are also of interest in their own right. The 
infonnation was gathered by questioning mothers about 
the occurrence of specified symptoms in surviving 
children underthe age of five during the two weeks prior 
to interview, but no attempt was made to measure 
severity. To the extent that mothers are more sensitive 
to signs of illness of sons rather than daughters or vice 
versa, their morbidity reports will give a biased indica
tion of genuine sex differences in the occurrence of 
recent illness. 

Bearing in mind that caveat, the results suggest that 
the prevalence of morbidity is slightly higher among 
boys than girls. That difference is most marked for the 
symptoms of diarrhoeal diseases. In 38 of the 44 
surveys, symptoms were more likely to be reported for 
sons than for daughters, and in 13 surveys, the difference 
was statistically significant. In the case of fever and 
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symptoms of respiratory infection, the results again 
show higher morbidity in males, though the male-female 
contrasts tend to be smaller and less consistent in 
direction across surveys than for diarrhoeal morbidity. 

When attention is focused on countries with excess 
female mortality in childhood, the same pattern emerges. 
In northern India, all three symptom types are more 
likely to be reported for sons than for daughters. De
spite genuine concerns about gender biases in reporting, 
it nevertheless seems most improbable that differential 
exposure or resistance to common infectious diseases 
(except perhaps for the immunizable diseases) is rele
vant to an understanding of excess female mortality. To 
the contrmy, the morbidity information for South-central 
Asia and for Northern Africa and Western Asia implies 
that, all other factors being equal, mortality should be 
higher among males rather than lower. 

In settings where morbidity from infections that 
account for the majority of deaths in childhood is higher 
among boys than girls and yet girls are more likely to 
die, the explanation for excess female mortality must 
stem from differences in case-fatality. As discussed 
above, case-fatality is determined largely by nutritional 
status, but it has already been shown that boys and girls 
differ little in that regard. The other major determinant 
of case-fatality is curative care, both within the home 
and from specialist health providers. 

Several small-scale studies have shown large sex 
differences in the treatment of sick children. Chapter 
VII undertakes a systematic examination of that topic, 
using data from 44 Demographic and Health Survey 
enquiries. Among children for whom symptoms of 
dianhoea1 disease, fever and respiratory infections were 
reported in the two weeks preceding interview, informa
tion was collected on receipt of any treatment, the source 
of treatment and the nature of treatments. The latter two 
items pennit a crude classification between more and 
less effective treatment. That information is used in 
chapter VII to compare the proportions of boys and girls 
who receive any treatment, and among those treated, the 
proportions for whom more effective care was sought. 
The detailed results are shown in tables 51, 52 and 53. 

Considering all surveys together, there is little evi
dence of widespread or pronounced disparities in the 
curative health care of boys and girls. The median 
number of boys who received treatment of any sort per 
100 girls treated is 102 for diarrhoea, and 101 for both 



fever and respiratory infections. Among children treated 
in any way, the corresponding nµmbers of boys per 100 
girls who were taken to a modern health facility or 
provider are 98, 104 and 101. Analysis of the nature of 
treatment yields a similar overall impression. For 
instance, among children who were treated in any way 
for diarrhoea, 104 boys per 100 girls received oral 
rehydration solution (ORS) packets. For fever, the 
corresponding ratio is 101 for receipt of antimalarials or 
antibiotics and, for symptoms of respiratory infections, 
again 101 boys per 100 girls among those treated were 
given antibiotics. 

Those findings have limitations, as noted in chapter 
VIL There is no information on severity of illness 
episodes or on the speed with which expert advice and 
treatment were sought, nor on compliance with medical 
advice. Nevertheless, they strongly suggest that in many 
developing countries, there is little or no bias in favour 
of sons over daughters in the treatment of common 
childhood illnesses. 

Regional patterns are shown in :figures 40, 41 and 4 2. 
For sub-Saharan Africa, the general impression ofnear
equality holds. The number of surveys showing a male 
advantage in treatment is balanced by the number 
showing the opposite. Of the 23 statistically significant 
sex differences in the various indicators of treatment, 13 
show a divergence favouring boys and 10 a difference 
favouring girls. That result is consistent with the 
evidence concerning mortality, nutritional status and 
immunization coverage. 

In the earlier mortality analysis, the Niger was singled 
out as the only country in sub-Saharan Africa with 
convincing evidence of a female disadvantage, while in 
Burundi, Namibia and Togo the evidence of such a 
disadvantage was found but was less strong. The 
information on curative health care lends considerable 
support to the conclusion of female disadvantage in the 
Niger . That country is one of only :five where boys are 
more likely than girls to be treated for all three symp
toms. Moreover, two of those differences are statisti
cally significant. The information on quality of treat
ment points in the same direction, particularly with 
regard to fever and symptoms of respiratory infections. 
Sex differences in curative care thus appear to provide at 
least a partial explanation for excess female mortality in 
that country. Togo is also one of the few countries 
where treatment probabilities are higher among boys for 
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all three symptoms. The differences are small and not 
statistically significant, and are not corroborated by 
results on effective therapy. Nevertheless, they support 
the conclusion of female mortality disadvantage in Togo. 
In the other two countries, Burundi and Namibia, the 
infonnation in chapter VII lends no support to the earlier 
impression of a female mortality disadvantage. 

For Latin America and the Caribbean, data from nine 
surveys in eight countries are available. Although there 
is little difference between the sexes in the probability of 
receiving any type of treatment, there is a distinct tilt in 
favour of boys with regard to the probable quality of 
treatment. There are :five statistically significant differ
ences relating to type of facility or practitioner visited 
and the therapy given to the child, all of which show a 
male advantage. Here, then, is one plausible explana
tion for the earlier finding that the survival of boys 
improved more rapidly between the 1970s and the 1980s 
than that of girls. 

Guatemala was identified earlier as the country in that 
region with the most convincing evidence of excess 
female mortality. The results relating to curative care of 
diarrhoeal disease show that girls are more likely to 
receive any treatment but among children treated are less 
likely than boys to be taken to a modem health facility or 
to be given ORS. None of those differences is statisti
cally significant. Thus, those data do not provide further 
support for the existence of a marked female disadvan
tage in that country. 

In Northern Africa and Western Asia, only six coun
tries are represented, though in a couple of cases two 
surveys have been conducted, giving a total of eight sets 
of results. Information on fever morbidity and its 
treatment, however, was obtained in only two surveys. 
Sex differentials in receipt of any treatment exhibit an 
unmistakable bias in favour of boys. Of the :five statisti
cally significant differences, all are in the direction of 
higher treatment probabilities for boys than girls. In 
terms of the likely effectiveness of treatment, a bias 
towards males is less evident. Although the only two 
significant differences favour boys, the number of 
surveys showing higher levels of effective treatment 
among boys is balanced by the number showing the 
opposite. Thus, for Northern Africa and Western Asia, 
the data on curative care by sex provide only a weak 
confirmation of the existence of female mortality disad
vantage. 



Special interest is attached to the results in South
central Asia because of evidence of high excess female 
mortality and consistent sex differences in immunization 
coverage. Results relating to curative care are available 
for only four countries (Bangladesh, India, Pakistan and 
Sri Lanka). In Sri Lanka, infonnation for only one 
morbid condition (diarrhoea) was obtained, and the 
results show a slight but not significant male advantage. 
In Bangladesh, information is available for two types of 
morbidity. Among children with reported symptoms of 
diarrhoeal disease, there is a slight female advantage in 
receipt of any treatment and in resort to a modem health 
facility or practitioners. However, among those treated, 
boys are significantly more likely to be given ORS than 
girls. With regard to children with symptoms of respira
tory infection, levels of treatment are significantly higher 
for boys than girls, and boys are also more likely to be 
taken to a health facility. Those results may be taken as 
evidence of a bias towards boys in terms of curative 
health care, though in view of the very high excess 
female mortality in Bangladesh, the differences in receipt 
of health care are not as clear-cut as might have been 
expected. In Pakistan, sex differences in the indicators 
of curative health care are small and do not clearly 
favour either sex. 

As with the analysis of immunization coverage, results 
for India are presented at the national level and sepa
rately for northern and southern states. The results for 
the northern states show a clear bias in favour of boys, 
who are significantly more likely than girls to receive 
treatment for all three morbid conditions. Furthermore, 
among those treated in any way, boys are significantly 
more likely to be taken to a health facility or practitioner 
for two of the three conditions. Those results, taken 
together with the immunization data, constitute unam
biguous evidence of a bias that favours sons over 
daughters. 

In southern India, excess female mortality in child
hood is less severe than in the northern states. For 
instance, the results of the 1992-1993 National Family 
Health Survey show an excess of 33 per cent for the 
northern states, compared with 18 per cent for the 
southern states. Nevertheless, the disparity in the south 
is considerable when assessed against the experience of 
countries of other regions. The data on curative health 
care support that perspective. Boys are more likely to 
receive any treatment for all three symptom categories, 
though differences are less marked than in the northern 
states and none is statistically significant. Perhaps more 
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striking is the evidence that boys receive more effective 
treattnent 1han girls. They are, for instance, significantly 
more likely to be taken to a modern health facility or 
practitioner for two of the three morbid conditions 
considered. 

In conclusion, the results on sex differences in curative 
health care suggest that that factor is a major mechanism 
underlying excess female mortality. In South-central 
Asia, where there is evidence of severe excess female 
mortality, curative health care clearly favours boys over 
girls. In Northern Africa and Western Asia, where 
excess female mortality is modest and has diminished 
over time, the evidence on curative health care also 
shows a slight bias in favour of boys. A similar slight 
bias is apparent in Latin America, which offers a possi
ble explanation for the unexpected trends in sex-specific 
mortality between the 1970s and the 1980s. In sub
Saharan Africa, boys and girls in most countries gener
ally receive similar curative health care, and that equality 
is consistent with the mortality data. 

In chapter IX, an investigation is undertaken of a very 
different mechanism that may contribute to a female 
disadvantage in survival. The central hypothesis is that 
in societies preferring sons, the birth of a daughter will 
be followed more swiftly by another birth than in the 
case of the birth of a son. That sequence is plausible 
because parents in such societies, having delivered a 
daughter, may be eager to have anoiher child relatively 
soon in the hope that the additional child will be a son. 
Conversely, parents to whom a son has been born may 
be more likely to discontinue childbearing altogether or 
to delay the next birth. Such a pattern of family forma
tion may disadvantage girls because children who 
experience a short interval to the birth of a younger 
sibling are known to be at higher risk of death than other 
children. 

The possible contribution of that factor to excess 
female mortality is assessed for three countries that are 
characterized by evidence of a preference for sons: 
Bangladesh, Egypt and the Republic of Korea. In all 
three countries, the authors demonstrate that family 
formation patterns are influenced by the sex of a child. 
Daughters are more likely than sons to be followed by 
another birth within five years. The second part of the 
analysis shows that in Egypt, 5 per cent of the overall 
excess female mortality in childhood can be attributed to 
the greater probability that the birth of girls be followed 
by a short birth interval. In Bangladesh, the contribu-



tion of short birth intervals to excess female mortality 
was less than in Egypt, probably because birth intervals 
in general are longer than in Egypt. Lastly, the analysis 
for the Republic of Korea shows that short birth inter
vals following the birth of girls account for much of the 
higher than expected level of under-five mortality 
among girls. 

The overall conclusion is that birth spacing patterns 
probably contribute to excess female mortality in 
countries where parents tend to desire sons more than 
daughters. However, that pathway of influence proba
bly cannot account for more than a small fraction of the 
overall female mortality disadvantage in most countries. 
Nevertheless, the findings do suggest that the claims of 
deliberate discrimination against girls based on parity
specific probabilities of dying need to be reviewed, 
taking into account family formation patterns and birth 
intervals. 

F. MOTNES 

The topic of the motives or considerations that 
underlie sex differences in childhood mortality is 
discussed in chapter X. A neo-classical economic 
framework is used, in which the distinction is made 
between unequal treatment of boys and girls that reflects 
preferences favouring one sex over the other and 
unequal treatment that stems from the pursuit of other 
goals, such as maximizing the productivity of the 
household. The former represents gender discrimina
tion; the latter reflects rational choices that household 
decision takers perceive to be in their own interests. 
Thus, sex differentials in food allocation or in curative 
health care may arise from the perception that future 
income flows from sons are likely to be greater than 
those of daughters. Such behaviour by parents or other 
adults implies a stronger concern for productivity than 
equity but nevertheless needs to be distinguished from 
more innate gender-specific preferences or biases that 
imply a greater concern for the welfare of children of 
one sex than for the other. 

The discussion in chapter X serves as a warning 
against cavalier and oversimplified interpretations of 
excess female mortality in terms of gender discrimina
tion. It also emphasizes the extreme complexity of 
identifying the forces that underlie unequal treatment of 
sons and daughters. To date, very few empirical studies 
have collected sufficient empirical data or have used 
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sufficiently refined modelling techniques to permit 
confident conclusions about the origins of sex differen
tials in health or survival. To some commentators, the 
distinctions made in chapter X may seem unimportant. 
Unequal treatment of boys and girls, as for instance in 
resort to preventive and curative health services, is 
deplorable whatever the motives of household decision 
takers. However, the design of appropriate policies 
depends on a correct identification of underlying 
motives. If greater parental investment in sons, particu
larly in times of financial hardship, stems from a percep
tion that greater returns will accrue than would accrue 
from investment in daughters, then the situation may be 
resistant to change until greater gender equality in 
labour markets and control over resources is achieved. 

Those considerations have particular force in South
central Asia, where unequal treatment of boys and girls 
is most marked and widespread. In many countries of 
that region, dowry systems prevail and daughters retain 
little contact with their natal homes after marriage. 
Conversely, sons retain greater contact with parents 
after marriage and assume prime responsibility for old
age support. It is entirely plausible to argue that those 
features of socio-economic organization in parts of 
South-central Asia are primarily responsible for unequal 
investments in boys and girls, which in turn lead to 
excess female mortality. 

One possibility raised in chapter X is that parental 
resource allocations may vary with the characteristics of 
individual children. A closely related idea is examined 
in chapter IX. In that chapter, the survival of sons and 
daughters according to sex composition of older siblings 
is analysed. A particular interest attaches to the relative 
survival of girls who have older sisters and those who 
do not, because previous studies have suggested that 
second or higher order daughters fare worse than first 
order daughters. One interpretation of that pattern is 
that parents, even in son-preferring societies, want one 
daughter but no more. Thus, girls who have an older 
sister may be particularly undervalued and may suffer 
from conscious or subconscious neglect. 

In chapter IX, the results for Egypt support the results 
of earlier studies. Girls with older sisters are more 
likely to-die than girls with older brothers but no sisters. 
However, the results for Bangladesh differ. According 
to the analysis for that country, girls with older brothers 
suffer higher mortality than girls with older sisters only. 
The authors hypothesize that the extreme poverty of 



many Bangladeshi households may act against the 
interests of daughters who have brothers. Limited 
resources are allocated disproportionately to sons. 
Daughters who have no brothers do not face such 
competition. 

Chapter VIII also contains information relevant to the 
discussion of motives that underlie excess female 
mortality. The authors single out one household 
characteristic-the education of the mother-and assess 
whether it mediates sex differences in mortality, nutri
tional status or health care. Mother's education is 
selected because of its powerful effect on overall child 
survival, and because maternal characteristics are likely 
to be of particular importance to the welfare of children 
since mothers are typically the prime carers of children. 
The general expectation is that any unequal treatment of 
boys and girls will be greater among families with an 
uneducated than with a more educated mother. Some 
slight confirmation is found. The nutritional advantage 
of girls is slightly greater in the group with an educated 
mother. And in some countries, a male advantage in 
terms of curative health care is found for children with 
an uneducated mother but not among those whose 
mother is better educated. 

G. CONCLUSIONS 

At the outset of the present overview, a number of key 
questions were posed. The search for answers provided 
the underlying purpose of the volume and a framework 
for its scope and contents. One of the key questions was: 
"In what regions and countries are girls disadvan
taged relative to boys in terms of health and sur
vival?" The massive amount of evidence presented in 
the following nine chapters permits a relatively clear 
answer. It has emerged that girls are most severely 
disadvantaged in South-central Asia. Among the larger 
comttries of that region, the situation of girls relative to 
boys was found to be worst in Bangladesh, India (partic
ularly in the northern states) and Nepal. In the 1980s, 
girls were about 25 per cent more likely to die between 
the ages of one and five than boys. In Pakistan, there 
was also consistent evidence of female disadvantage, 
though its magnitude may be less than in the other three 
countries. 

Northern Africa and Western Asia is the only other 
subregion for which evidence of a widespread female 
mortality disadvantage was found. That situation is less 
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severe than in South-central Asia, however, and is more 
variable between different countries. Moreover, recent 
trends have favoured girls and thereby reduced the 
disparities by sex in childhood survival rates. 

Outside of those two regions, evidence of female 
disadvantage is much less clear-cut. In sub-Saharan 
Africa, there are few convincing signs that girls fare less 
well than boys in terms of health and survival. The 
Niger and to a lesser extent Togo appear to be excep
tions to that generalization. The conclusion for Latin 
America and the Caribbean is similar to that for sub
Saharan Africa, though there are worrying signs that 
girls have benefited less than boys from recent improve
ments in child survival. In Eastern and South-eastern 
Asia, relevant evidence is less abundant than for other 
subregions, but again there is no convincing evidence of 
widespread female disadvantage. China is a crucially 
important exception. In that vast country, the gap 
between male and female infant mortality rates is 
suspiciously narrow, and although overall childhood 
mortality is very low, girls are more likely to die than 
boys between the ages of one and five. 

Perhaps the most important conclusion that may be 
drawn from the present volume is that discrimination 
against girls in ways that affect their health and survival 
is by n<J means universal in developing countries. To 
the contrary, it exists in only a small minority of devel
oping countries, most of which are located in South
central Asia, and to a lesser extent in N orthem Africa 
and Western Asia. However, that geographical concen
tration should not be allowed to conceal the fact that in 
terms of the size of population affected, the problem of 
female disadvantage is very significant: the countries of 
South-central Asia and China contain half of the world's 
population. One interpretation of the data reviewed in 
the present volume is that 50 per cent of humanity lives 
in countries where gender inequality results in excess or 
surplus mortality of girls. 

It is also possible to express in a very crude fashion 
the implications of gender inequality in terms of the 
number of deaths to under-five girls. In the absence of 
the severe disadvantages that girls face in South-central 
Asia and China, the conservative assumption can be 
made that girls would be 10 per cent less likely than 
boys to die in infancy and equally likely to die between 
the ages of one and five. Those expected ratios can then 
be applied to the observed level of male mortality and 
the numbers of births in the larger countries of South-



central Asia and China to give an estimate of the ex
pected nwnbers offemale deaths in the absence of severe 
gender inequality. That hypothetical estimate can be 
subtracted from the observed number of female deaths to 
give the number of girls who die each year under the age 
of five because of some fonn of gender inequality. 

Those calculations suggest that about 250,000 girls 
die each year in South-central Asia and China because 
they experience some disadvantage relative to boys. By 
far the biggest contribution to that total comes from 
India, because that country has a large population, high 
overall childhood mortality and a particularly pro
nounced degree of excess female mortality. 

That figure of250,000 excess deaths gives some idea 
of the global scale of the problem. The gravity of the 
situation is further emphasized by the analysis of trends. 
The second central question posed at the start of the 
present overview was: "Has the magnitude of female 
disadvantage changed over the last 25 years?" The 
single most disturbing result of the present enquiry is the 
conclusion that the survival of girls relative to boys has 
worsened in those countries of South-central Asia where 
female disadvantage was initially most severe. For 
instance, in India, an 11 per cent excess female mortality 
between ages one and five found in the 1970s has 
deepened to a 28 per cent excess in the 1980s. The 
conesponding figures are 15 and 24 per cent for Bangla
desh and 8 and 22 per cent for Nepal. Though overall 
childhood mortality continues to decline in those coun
tries, the relative plight of girls has become worse. 

There are also signs in Latin America and the Carib
bean that the huge gains in child survival between the 
1970s and 1980s have benefited boys rather more than 
girls. In the 1970s, girls were about 6 per cent less 
likely to die in childhood than boys. By the 1980s, that 
difference had narrowed to 3 per cent. That trend is 
particularly unexpected because it runs counter to the 
experience of the developed countries. In those coun
tries, big declines in childhood mortality were associated 
with a widening gap in the relative survival of boys and 
girls, partly because of the growing contribution of 
violent and accidental causes of death to which boys are 
particularly susceptible. 

The last key issue addressed in the present volume 
concerns the mechanisms and motives that underlie 
female disadvantage. The data on nutritional status 
reveal little systematic difference between boys and girls. 
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Even in countries with clear evidence of a female 
mortality disadvantage, the physical growth of girls -
their height for age, weight for height or weight for age -
matches that of boys, which strongly suggests that 
discrimination against daughters in tenns of diet and 
day-to-day care is uncommon. However, that implied 
equality between the sexes is not maintained with regard 
to health care use outside the home. In South-central 
Asia, there is evidence of a clear bias in favour of boys 
in terms of curative health care. Sick sons are more 
likely to be treated and to receive effective treatment 
than sick daughters. That statement applies most 
strongly to the northern states of India, where boys are 
also more likely to be immunized. In Bangladesh and 
Pakistan, immunization coverage also favours boys, 
though the male advantage in curative care is less 
pronounced in Bangladesh than in northern India and is 
not evident in Pakistan. 

South-central Asia is not the only subregion where 
there is discrimination that favours boys over girls in 
resort to health care. Both in Latin America and the 
Caribbean and in Northern Africa and Western Asia, 
there is evidence of a slight bias in favour of boys in 
curative care, though not in immunization, and :findings 
are consistent with the data on trends in male-female 
differences in mortality for those two regions. In conclu
sion, the analysis contained in the present volume 
suggests that differential health care is the major mecha
nism responsible for female disadvantage in survival. 

Why do parents in some countries favour sons over 
daughters when deciding whether or not to seek treat
ment for a sick child? Only limited progress has been 
made in the present volume towards a confident answer 
to that question. One plausible interpretation concerns 
the economic value of sons and daughters. Curative 
health care nearly always involves expense, and in 
societies where sons are perceived to be more important 
than daughters for the medium or long-tenn economic 
welfare of the household or family unit, there may be a 
greater willingness to incur health costs for sons than for 
daughters. In the stark language of neo-classical eco
nomics, parents, under that scenario, are merely behav
ing rationally by following the best interests of their 
family group. 

That line of interpretation becomes immensely plausi
ble when the contrast is made between sub-Saharan 
Africa, where there appears to be little or no female 
mortality disadvantage, and South-central Asia where it 



is most severe. In much of sub-Saharan Africa, women 
are economically active and daughters are valued for 
their bride wealth. In much of South-central Asia, by 
contrast, women's economic contribution is more likely 
to be restricted to the domestic domain and daughters are 
expensive because of the dowry system. To the extent 
that excess female mortality in childhood is a reflection of 
those wider economic and social realities, the obvious 
long-term policy prescription is to press ahead with 
reforms that will give greater educational, employment 
and financial opportunities to women. 

The above interpretation and its attendant policy 
implications, however, are almost certainly oversimpli
fied. They do not account adequately for the persistence 
of a gender bias in such countries as China and the 
Republic of Korea China has experienced four decades 
of reform that have given women wide access to educa
tion and employment. In the Republic of Korea, a 
growing economy has led to rapid increases in female 
employment, accompanied by postponement of marriage. 
Yet in both countries, sex-selective abortion and higher 
than expected female mortality testify to the persistence 
of son preference. It appears that the greater social or 
cultural value attached to sons has not been eroded by 
macroeconomic changes that have favoured women. 

Regardless of the origins of female disadvantage, the 
findings of the present study have highlighted the 
importance of providing preventive and curative care of 
reasonable quality and affordability. The policy shift 
towards greater cost recovery and reliance on the private 
sector in some countries is of concern because poor 
families may be less willing to spend money on daugh
ters than on sons. That danger is particularly acute in 
South-central Asia At the same time, any acceleration 
of the trend towards smaller family si7.es should be of 
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special benefit to girls. There is growing evidence to 
support the common sense expectation that parents of 
small families are able to spend more on the health and 
education of each child than are parents of large fami
lies. When competition for scarce family resources is 
severe, it is probable that daughters will suffer more 
than sons. 

The present report has focused on inequalities between 
boys and girls, but even in regions where excess female 
mortality in childhood does not exist, such as in sub
Saharan Africa, the fact that mortality among children 
remains extremely high should not be overlooked. 
Improvements in child survival should remain a key 
priority in development policies. Policy and programme 
interventions that target morbidity and mortality of both 
boys and girls should continue to receive priority, as 
well as information and education that emphasiz.e the 
importance of equal treatment for boys and girls. 
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I. DIFFERENTIAL MORTALITY BY SEX FROM BIRTH TO ADOLESCENCE: 
THE HISTORICAL EXPERIENCE OF THE WEST (1750-1930) 

Dominique Tabutin* and Michel Willems* 

From the eighteenth to the mid-twentieth century, 
Europe and North America experienced a health revolu
tion and a decline in mortality unprecedented in human 
history. The expectation of life at birth in Europe 
increased from an average of 35 years in 1800 to ap
proximately 60 years in 1930. Mortality in childhood 
and during adolescence, which varied considerably by 
region and country, 1 declined markedly, especially after 
1860. In Western Europe, infant mortality decreased 
from 180 deaths per 1,000 births in 1845 to 119 deaths 
per 1,000 by the end of the century, and reached 30 
deaths per 1,000 in 1950. In France, the probability of 
dying between exact ages 1 and 5 dropped from 140 
deaths per 1,000 in 1830 to only 31 per 1,000 a century 
later. In England and Wales, the probability of dying 
between exact ages 0 and 5 was reduced from 260 
deaths per 1,000 in 1840 to 90 per 1,000 in 1930. The 
decline in mortality between exact ages 5 and 20 oc
curred almost as rapidly.2 However, these advances in 
survival varied in timing and rapidity between countries, 
as did the reductions of mortality among males and 
females. 

Over the last 200 years in Europe and North America, 
women have always had a higher expectation of life than 
men, the difference between the two varying between 1 
and 3 years early in the nineteenth century, between 2 
and 4 years early in the twentieth century, and between 
3 and 5 years towafds 1940. Because male mortality has 
declined more slowly than female mortality, the overall 
advantage experienced by women has increased steadily 
and continues to do so.3 However, despite those overall 
trends and contrary to widespread assumption, the 
nineteenth century was characterized by excess female 
mortality during childhood and adolescence, or more 
specifically between ages 3 and 19. Such excess female 
mortality peaked during the second part of the nineteenth 
century before beginning to decline and finally disap
pearing towards 1940. Only in the 1970s did studies 
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documenting the prevalence of excess female mortality 
in Europe among children and adolescents begin to 
appear. The present paper presents a review of what is 
known to date and an analysis of recently available data. 

A. DATA AND MElHODS 

In the present section, the discussion will focus on 
three topics: the age range that should be the focus for 
the historical analysis of excess female mortality in 
today's developed countries; the sources of data used; and 
the measurement of differences in mortality between 
males and females. 

The historical pattern of sex differentials in mortality in 
today's industrialized countries differs considerably from 
that characterizing developing countries today. In 
developing countries, excess female mortality tends to 
occur mostly over the age range 1-4, starting sometimes 
within the first year of life and disappearing generally 
towards ages 8 or 9.4 In Europe, a century or so ago, 
excess female mortality tended to emerge at older ages 
(towards ages 3 or 4 years), became more apparent over 
the age range 5-9, and widened further from 10-14 years 
before giving way to excess male mortality at older ages. 
Consequently, historical assessment of excess female 
mortality requires that the full age range from 0-14 years 
be considered, with separate analysis of each age seg
ment. 

The review presented here will span the period 1600-
1930, though special attention will be given to the 
nineteenth and early twentieth centuries, for which data 
are more widely available. More recent periods will not 
be considered because by 1930 excess female mortality 
had practically disappeared in most developed countries. 

The data used have been gathered through an exhaus
tive search for mortality data by age and sex for the 
periods of interest They were obtained from a review of 
the literature, by consulting historical sources of demo-



graphic statistics, and by contacting specialists in 
historical demography, statistical offices and research 
centres in each of the countries considered. 

The study countries comprise the whole of Europe, 
including Russia, Canada and the United States of 
America, Australia, New Zealand and Japan. Data on 
a total of 24 countries were obtained, though the inf or
mation is richer for some countries than for others. In 
particular, France and Northern European countries 
(Denmark, Finland, Norway and Sweden) have nearly 
complete national series dating as far back as 1750. For 
the seventeenth and eighteenth centuries, data were 
drawn mostly from studies on historical demography 
and tend to refer only to mortality at younger ages. For 
the period 1800 to 1930, the data consist mostly of 
national life-tables produced during the 1970s and 
1980s but that go back, in a number of cases, to the mid
nineteenth century. Annex table A.1 displays the 
probabilities of dying by sex and age group available for 
various countries over the period 1740-1930. It also 
indicates the sources used in each case. 

Whereas time series data of good quality5 are avail
able at the national level for most of the countries 
considered, that is not' the case regarding data at the 
local or regional level: few countries have long time 
series of life-tables by province or department. In 
Belgium, for instance, one has at most mortality rates by 
age, sex and region for one or two points in time (1890 
and 1910). In addition, there are considerable lacunae 
regarding information on cause of death during the 
nineteenth century, even at the national level. Although 
data on cause of death are often available (especially 
through the civil registration system), they are unreliable 
and tend to vary by sex and over time, reflecting 
changes in diagnostic practices. The proportion of 
deaths with cause unknown or poorly reported is 
generally high. Consequently, the use of those data for 
analytical purposes is limited. 

The central aim of the present study is to analyse 
differences in mortality between males and females. At 
least three measures of such differences are possible. 6 

Let q,.. and cu be the probability of dying for males and 
females, respectively, within a given age range [XJ'). 
Then, the relative difference between the sexes can be 
calculated as: 

(1) 
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a measure that, though rarely used in practice, indicates 
the relative excess or deficit of deaths among women 
with respect to those among 1,000 men surviving to 
exact age x. A second possible measure, which is also 
rarely used, is the absolute difference between the sexes: 

(2) 

which indicates the excess (or deficit) in the absolute 
number of deaths of men with respect to that of women 
among 1,000 persons surviving to exact age x. Lastly, 
one can use the ratio of the male to female probability of 
dying, namely, 

(3) 

which is the indicator most commonly used in the 
literature. That ratio is generally expressed as a percent
age of male mortality over female mortality by age 
group. When it is greater than 100, it indicates the 
existence of excess male mortality; values below 100 
indicate excess female mortality. The ratio as presented 
in the third measure described above will be used in the 
present paper as an indicator of sex differentials in 
mortality. 

Although the ratio of male to female mortality mea
sures the relative intensity of the excess or deficit in 
male mortality, it does not indicate its absolute size as 
does the difference presented in the second measure. 
Figure 1 illustrates a comparison of the second and third 
measures, as applied to estimates of mortality in Bel
gium by sex over the age range 0-80 during 1899-1901. 
Although the general differentials illustrated by the two 
indices are the same, each index conveys a different 
image of excess mortality among persons of one sex 
with respect to those of the other. Between ages 5 and 
44, when mortality reaches its lowest levels, the ratios 
amplify existing differences, whereas above age 50, the 
ratios are attenuated and the absolute differences as 
represented by the second measure grow. 

The type of basic data available vary according to the 
country considered, being presented variously as mortal
ity rates, probabilities of dying, complete life-tables or 
reported numbers of deaths by age and sex, together 
with the population to which they correspond. To 
facilitate comparisons, all types of data have been 
converted to ratios of the probability of dying by sex, as 
indicated in the third measure, ~xpressed as percentages. 



Figure 1. Absolute differences of probabilities of dying between 
males and females and male to female ratios of those 

probabilities, Belgium, 1899-1901 
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B. PAST ASSESSMENTS OF SEX DIFFERENTIALS 

IN MORTALITY 

During the seventeenth and eighteenth centuries, 
scientists in Europe were very concerned about the high 
levels of mortality that prevailed, especially among 
young children. The probability of dying before age 20 
was about 50 per cent, and the expectation of life at 
birth fluctuated around 30 years. The first quantitative 
demography studies date from that period, including 
Graunt's estimation of a life-table in 1662. New ideas 
emerged from such concerns. As Hecht (1980, p. 33) 
notes: 
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"The attitude towards death and towards the death 
of a child changed drastically towards the middle of 
the eighteenth century, and that evolution was not 
independent, as we have said, from the historical, 
economic and demographic changes taking place. 
As the disappearance of a child began to be felt 
deeply, the treatises on child care, paediatrics and 
education multiplied. Physicians gained power over 
nursemaids and midwives, and scientific rationality 
replaced traditional methods in the care of infants. 
The couple adopted a new attitude towards their 
children, and the mother wished to know how to 
take better care ofher child." 



The quantitative scientists of the time7 tried to esti
mate child mortality levels, the expectation of life and 
the mean length oflife. They also considered variations 
of mortality among the young according to climate, 
region, social group and sex. In general, they deplored 
the existence of excess male mortality. Explanations for 
that excess included biological advantages (physiologi
cal differences between the sexes), sociocultural prac
tices (the intemperance of men) and, more often, reasons 
of natural or divine order. Thus, according to W argentin 
in 1766,8 women were less likely to die because of a 
natural law that was in operation from an early age to 
the end of life. According to Deparcieux in 1746, excess 
male mortality was a happy initiative of God to reestab
lish the equilibrium between the two sexes whose 
numbers are unequal at the time of birth. 9 

During the eighteenth century, each statistician
demographer increased the understanding of mortality 
variations, adding precision to the ages where excess 
male mortality was strongest (generally high from birth 
to adolescence but reduced during the child-bearing ages 
when the mortality risks for women increased) and 
providing further explanations. In 1778, Moheau 
proposed a more sociocultural approach to the issue, 
suggesting that men, because of their activities and mode 
of life, are in general exposed to higher risks of death 
than women. Almost no author of the eighteenth century 
wrote about excess female mortality except Siissmilch, 
who, when considering in 1765 the critical ages at which 
life is particularly at risk, mentioned puberty, especially 
for the female sex.10 As will be shown, adolescence was 
precisely the period oflife during which excess female 
mortality was most difficult to combat, having existed 
since the eighteenth century and surviving well into the 
twentieth. 

With the expansion of civil registration and the 
improvement of analytical methods during the nineteenth 
century, evidence of the existence of excess female 
mortality at certain ages, especially among the young, 
increased. In Belgium, for instance, statistician-demog
raphers, such as Quetelet and Smits in 1832, Cauderlier 
in 1900 and Leclerc in 1906, documented that girls and 
young women between ages 3 and 19 were more likely 
to die than their male counterparts. They did not, 
however, explain why that excess female mortality 
existed. At the time, the main concern was differential 
mortality by socio-economic group and by urban-rural 
residence. In addition, the excess mortality of girls and 
young women was not necessarily considered an anom-
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aly. Indeed, it was a common belief at the end of the 
nineteenth century that the physiology of women was 
less resilient than that of men. It was the excess mortal
ity of male children under age three that captured the 
attention of researchers and was described as "a remark
able event" or even "an unnatural outcome". It was not 
until the 1970s that such mortality differentials by sex 
began to attract the attention of researchers in terms of 
both quantification and explanation. 

C. FINDINGS RELATIVE TO THE SEVENTEENTH AND 
EIGHTEENTH CENTURIES 

For the period 1600-1800, when civil registration 
systems did not exist and population censuses were still 
not in use, the only data available are those reported in 
studies of small populations, which are generally based 
on the reconstruction of families from parish registers. 
Many such studies, relating mostly to the eighteenth 
century, were published between 1960 and 1980, 
especially in France and the United Kingdom of Great 
Britain and Northern Ireland. However, according to the 
researchers themselves, 11 mortality is the most difficult 
type of demographic event to measure because of the 
underregistration of deaths and the confounding effect of 
migration. 12 In the latter half of the eighteenth century, 
evidence from small studies are complemented by 
national-level data in a few countries. Denmark, starting 
in 1780, and Sweden, starting in 1750, have data based ' 
on civil registration and censuses, whereas France has 
data from 1740 that were derived from a national survey 
of parish registers carried out by the Institut national 
d'etudes demographiques (INED). 

During the period 1750-1800, France, Denmark and 
Sweden experienced very high mortality levels during 
childhood and adolescence, though there were marked 
differences between Denntark and Sweden (with a 5q0 of 
350 deaths per 1,000 towards 1785) and France (with a 
corresponding figure of 450 per 1,000) (table 1). In all 
three countries, there was also a clear excess male 
mortality during the first year of life (of the order of 10-
15 per cent), which remained largely unchanged until 
1930. In contrast, there was considerable variation 
beyond age 1. In Sweden, excess male mortality pre
vailed at all ages; in Denmark, excess female mortality 
was noticeable over the age range 1-9, and excess male 
mortality was minor for the 10-19 age group. In France, 
excess female mortality was also noticeable, though it 
varied by age according to the period considered. 



TABLE 1. PROBABILITIES OF DYING (PER 1,000) FOR BOTII SEXES COMBINED AND MALE TO 
FEMALE RATIOS OF TIIOSE PROBABILITIES IN TilE NATIONAL LJFE-T ABLES OF 

DENMARK, FRANCE AND SWEDEN, EIGHTEENTII CENTURY 

Probabilities of dying Male to female ratio 
Both sexes (percentage) 

Country 0 1-4 5-9 10-14 15-19 
Period l/o ,q, lls 1/10 l/JJ year years years years years 

Denmark 
1780-1784 ...... 198 167 4S --- S8 --- 113 98 94 --- 124 ---
1785-1789 ...... 21S 192 so --- 71 --- 112 97 92 --- lOS ---
1790-1794 ...... 171 128 36 --- 60 --- 114 JOO 97 --- lOS ---
179S-1799 ...... 178 137 38 --- S2 --- 114 99 96 --- 104 ---

France 
1740-1749 ...... 2% 2S3 108 49 so llS 100 107 104 122 
17S0-1759 ...... 277 239 86 38 39 111 97 96 113 93 
1760-1769 ...... 281 245 84 41 36 120 101 91 105 108 
1770-1779 ...... 273 235 82 45 35 115 103 94 119 115 
1780-1789 ...... 278 238 90 37 38 110 96 102 97 85 
1790-1799 ...... 254 218 72 33 39 117 104 103 97 

Sweden 
1751-1760 ...... 204 143 61 31 31 110 104 107 103 107 
1761-1770 ...... 216 146 64 32 32 110 103 104 113 113 
1771-1780 ...... 202 170 76 43 40 110 104 110 117 104 
1781-1790 ...... 199 157 67 38 37 110 104 108 111 111 
1791-1800 ...... 19S 130 Sl 2S 27 112 lOS 107 lOS 113 

Sources: Y. Blayo, "Lamortalite en France de 1740a1829", in Population, vol. 30, pp. 123-142 (Paris, 1975); J. Houdaille, "La mortalite des 
enfalits en Europe avant le XIXe siecle", in La mortalite des erifants dons le monde et dons l'histoire, P. M. Boulanger and Dominique J. Tabutin, 
eds. (Liege, Belgium, Ordina Editions, 1980); Sweden, National Central Bureau of Statistics, Historical Statistics of Sweden, part 1, Population, 
1720-1967 (Stockholm, 1969); 0. Andersen, "The decline in Danish mortality before 1850 and its economic and social background", in Pre-
Industrial Population Change, T. Bengtsson and others, eds. (Stockholm, Almquist and Wiksell, 1984). 

Between 1740 and 1780, it was mostly evident for the 
age group 1-9; after 1780, it appeared also at ages 10-14 
and 15-19, where it tended to become accentuated over 
the next century. During the pre-industrial period, 
which was characterized by important mortality reduc
tion5; there were no majot changes in the sex differen
tials in mottillity, at least at the national level. 

Studies of specific subpopulations for the period 
1600-1800 confirm that male children were subject to 
higher mortality risks than female children before age 
one (table 2). Excess male mortality was also notice
able ovet the age range 1-4 but not as consistently. In 
contrast, excess female mortality was evident in the 
majority of cases over age groups 5-9 and 10-14, and 
became more accentuated for age group 15-19. Al
though most studies refer to rural populations, some 
refer to other populations living in diverse economic 
and cultural contexts. 
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For instance, in Geneva the situation of adolescents 
and young women appears to have deteriorated relative 
to males between 1600 and 1800 (table 2). Perrenoud 
(1981) attributes such deterioration to the incorporation 
of women into the industrial labour force during the 
eighteenth century (as watch makers or workers in the 
textile industry, for instance) under conditions of work 
that were particularly difficult. Another relevant factor 
was the declining standard ofliving among the working 
class since inequality was pronounced and mortality 
varied according to social class. There was, for in
stance, a difference of 13 years between the life expec
tancy of a bourgeois ( 44 years) and that of an unskilled 
worker (31 years). Furthermore, in the age group 5-19, 
mortality differences between the social classes were 
more marked among women than among men (table 3). 
Among members of the working class, young women 
were subject to higher mortality risks than young men, 
but the reverse was true among the bourgeoisie and 



TABLE 2. MALE TO FEMALE RATIOS OF TIIE PROBABILITIES OF DYING BY AGE GROUP ACCOROING TO LOCAL OR 
REGIONAL S'J1JDJES, SEVENTEENTII AND EIGHTEENTII CENTURIES 

j' 

(Percentage) 

Under 1 1-4 5-9 10-14 15-19 
Region, country' and years' year years years years years 1rllo 

12 English parishes• 
1600-1649 .......... ; ........ 115 109 113 251 
1650-1699 ............. , ..... 116 94 84 265 
1700-1749 ................... 113 102 86 277 

Rural parish Cartmelb 
(United Kingdom) 
1600-1750 ................... 110 ----- 93 ---------- 212 

City of Geneva (SwitzCrland)c 
1625-1799 ................... 118 102 123 118 101 522 
1700-1796 ................... 125 106 109 85 79 435 

Duche de Brabant (Belgium)d 
1650-1699 ................... 121 122 110 375 
1700-1796 ................... 122 JOO 107 367 

Brittany and Anjou (France)' 
1740-1769 ................... 127 96 94 466 
1770-1799 ................... 125 95 88 436 

Rural Parisian basin'(France) 
1671-1720 ... : ............... 111 94 91 76 76 484 

Rural Bas-Quercy (France )I 
1751-1771 ................... 102 105 79 
1793-1815 ................... 124 96 75 95 

Two regions ofOennanyl', 
1740-1800 
Herrenberg .................. 119 107 92 113 98 417 
Ortenau ..................... 120 101 98 96 71 376 

Quebec (Canaday 
1640-1729 ................... 109 100 83 133 71 206 

Sourcu: 'E.A Wrigley and R.S. Schofield, The Population History of England, 1541-1871: A Reconstruction (Cambridge, 
United Kingdom, Cambridge University Pras, 1989); "R. Finlay, "Differential child mortality in pre-industrial England: the 
Cllllft1lle ofCanmel, Cumbria, 1600-l 7SO",Annalu de d'mographie hiltorique, vol 18, pp. 67-80 (Paris, 1981 ); •A Perrenoud, 
"Sunnortalite f6minine et condition de la femme (XVII-XIXe siecles): une v6rification empirique", Annales de d'mographle 
hlstorique, vol 18, pp. 89-lOS (Paris, 1981); "C. Brun.eel, La mortallt' dans les campagnes: le duch' de Brabant auxXVIIe 
etXVIIIe Ii~ (Louvain-la-Neuve, Belgium, Editions Nauwelaerts,1977); -Y. Blayo and L. Henry, "Donnees demographiques 
BUrla~et l'Al\iou de 1740 a 1829,Annales de dmographte historique, vol. 3, pp. 91-171(Paris,1967); 'J. Dupaquier, 
La population rurale du Bassin Parisien a l"Poque de Louis XIV (Paris, Editions de l'ecole des hautes etudes en sciences sociales, 
1979); 1J. C. Sangoi, D'mographte paysanne en Bas-Quercy, 1751-1872 (Paris, Editions du CNRS, 198S)~ A Imhot: Life 
Expectancies in Germany from the Seventeenth to the Nineteenth centuries (Weinheim, Germany: Acta Humaniora, 1980; in 
German); 'II.Charbonneau, Vie et mort de nos ancltres (Montreal, 197S). 
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TABLE 3. MALE AND FEMALE PROBABILITIES OF DYrnG' 
(per 1,000), MALE TO FEMALE RATIOS OF THE PROBABILITY 

OF DYING FOR ~GE GROl,JP. 5.-l9.AND EXPECTA,nONS OF 
LIFE ACCORDINQ TO SOCIAL GROUP, GENEVA 

(1725-1790 COHORTS) 

Male/female 
ratio eo 

Social group Male Female (percentage) Botlf 

High and middle 
bourgeoisie ........ 143 124 115 43.6 

Artisans and skilled 
workers .......... 179 166 108 34.5 

Unskilled workers ... 180 193 93 31.4 
Ratio of unskilled workers 
to bourseoisie ..... 1.26 1.56 0.72 

Source: A Perrenoud, "Sunnortalite f'eminine et condition de la 
femme (XVII-XIXe siecles): une verification empirique", Annales de 
demographie histon·que, vol 18, pp. 89-105 (Paris, 1981~ 

Nora: We have taken the mean of the expectations of life by sex and 
regrouped the probabilities of dying over age groups S-9 and 10-19. 

'Probability of dying for age group S-19 obtained by grouping 
probabilities of dying over age group S-9 and 10-19. 

"Life expec:tancy for both sexes ( e,, both sexes) taken as the mean of the 
expectation oflife by sex. 

among the class of tradesmen and craftsmen. Accord
ing to Perrenoud, these findings suggest that industrial 
work may have damaged the health of young workers 
during the eighteenth century, especially that of young 
women in urban areas or in areas where female indus
trial employment was high. A century earlier, before the 
industrial revolution, there seemed to be no excess 
female mortality among the poor in either Geneva or 
London. 13 

In swnmmy, there have been marked differences in the 
mortality of young men and women since the eighteenth 
century: although excess male mortality was generally 
present before the age of one, excess female mortality 
appeared occasionally in the age group 1-4, became 
more common by ages 5-14 and more common still at 
ages 15-19. The differences in mortality by sex became 
more marked during the nineteenth century, as will be 
documented below. 

0. SEX DIFFERENTIALS IN CHILDHOOD AND 
ADOLESCENT MORTALITY BETWEEN 

1800AND1930 

The establishment of civil registration systems and the 
generalized use of censuses permit the study of sex 
differentials in mortality for a large number of countries 

or areas in the nineteenth century. Thus, 201 life-tables 
or mortality rates· by age and sex for 24 countries or 

· ·areas could be assembled.· In the cases with the best 
documentation, a series o( estjmates covering a long 
period are available, as in the cases of Denmark, Eng
land and Wales, France and Sweden. For the last two 
countries, data are available for the period 1740-1930, 
so that the 201 estimates considered cover part of the 
eighteenth century. For some countries, such as Greece 
or Spain, the data available refer only to one point in 
time and are relatively recent. The countries or areas 
considered can be grouped into five regional sets: 
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Northern Europe, comprising Denmark, Finland, Nor
way and Sweden; Western Europe, including Austria, 
Belgium, England and Wales, France, Ireland, the 
Netherlands and Switzerland; Southern Europe, which 
comprises Greece, Italy, Portugal and Spain; Eastern 
Europe, including the Czech Provinces of Bohemia, 
Moravia and Silesia, Hungary, and the European part of 
Russia; and lastly, the overseas countries of European 
settlement, Australia, Canada, New Zealand and the 
United States. Japan stands alone and may be consid
ered the sixth set. 

The 201 life-table estimates available are presented in 
annex table A. l, and are distributed in the following 
manner according to different criteria: 

According to time period 1700-1799 10 
1800-1849 21 
1850-1899 79 
1900-1930 91 

ACC?Ording to region Northern Europe 45 
Western Europe 89 
Southern Europe 10 
Eastern Europe 15 
Overseas countries of 
European settlement 36 

Japan 6 

Three age groups were selected for analysis: less than 
1 year, 1-4 years and 5-14 years. Thus, three different 
ratios of male to female probabilities of dying were 
calculated. For some countries, the data do not permit 
the calculation of infant mortality (that is, mortality 
underage 1). Accordingly, the number of ratios regard
ing infant mortality is on1y 188 rather than the 201 
potentially available. In the case of mortality for age 
group 1-4, the mortality ratios could be calculated only 
in 192 cases. The set of ratios for age group 5-14 is the 
most complete, covering 199 cases.14 



1. Sex differentials in infant mortality 

The data available confinn the. general finding. that 
male mortality between 1800 and 1930 was higher than 
female mortality under age 1 (figure 2). In most cases, 
the female advantage since 1800 was above 1 O per cent, 
and except perhaps in Southern Europe and Japan, it 
showed a tendency to increase over time as overall infant 
mortality levels declined. Thus, by the twentieth century 
the female advantage was generally above 20 per cent. 
Around 1930, the variation in excess male mortality 
under age 1 was large, with the ratios of male to female 
mortality ranging from 113 in Japan to 130 in the 
Netherlands. Such variation was related to an equally 
wide span of infant mortality levels, ranging from 63 
deaths per 1,000 births in the Netherlands to 140 deaths 
per 1,000 in Japan. 

There are remarkable similarities between the evolu
tion of sex differentials in infant mortality in Northern 
and Western Europe. The experiences of countries in 
those regions tend to fall between those of England 
and Wales or Sweden, on the one hand, and Finland on 
the other. The overseas countries of European settle
ment and Japan show greater diversity, with Australia, 
New Zealand and the United States experiencing rela
tively high levels of excess male mortality under age 
one. Canada, in contrast, experienced a slower rise in 
excess male mortality. Between 1885 and 1928, Japan 
experienced the lowest excess male mortality among 
infants. 

The case of Greece in 1928, where the ratio of male to 
female mortality under age 1 was 1O1. 4, is atypical and 
suggests that the data may not be reliable, although there 
is also the possibility that there might have been a 
certain excess female mortality at a very early age. 
However, the weak sex differential in child mortality 
observed does not justify that conclusion (the male to 
female ratio for age group 1-4 was only 99 .1 ). 

2. Sex differentials in child mortality 

Among children aged 1-4, the female advantage in 
terms of lower mortality was not as consistently strong 
as it was among infants. Excess female mortality was 
evident in some populations including Canada, France, 
Italy and Japan (figure 2). Although the ratio of the 
male to female probability of dying at ages 1-4 tended to 
increase over the period 1800-1990, trends were less 
regular than in the case of infant mortality. In Northern 
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Europe, for instance, that ratio tteolined from a relatively 
high level in the early 1800s to a value close to 100 by 
the second half of the nineteenth century before rising 
again during the early twentieth century. In Western 
EW'Ope and in France in particular, male excess mortal
ity did not become firmly established until after 1870, 
whereas before that date there was near parity in the 
risks of dying among males and females. The experience 
of Canada was similar. Such trends suggest that excess 
female mortality appeared earlier in that region in terms 
of both time and age. It is worth noting that in today's 
developing countries, excess female mortality is most 
marked in the age group 1-4 (fabutin and Willems, 
1993). 

3. Sex differentials in mortality over 
age group 5-14 

Between 1800 and 1930, excess female mortality was 
generally evident among persons aged S-14. Almost two 
thirds of the estimates available indicate its existence 
(figure 2). Only a few countries failed to exhibit excess 
female mortality during late childhood and early adoles
cence; they included Australia, New Zealand and the 
United States. In contrast to the patterns exhibited by 
European countries, Australia and New Zealand were 
characterized by relatively low overall mortality at ages 
S-14. In the United States, although mortality levels 
were closer to those of France or Sweden, male mortality 
was higher. 

Among the trends that can be assessed because of the 
existence of long time series, three patterns can be 
distinguished. In Western Europe, excess female 
mortality over age group S-14 was marked at the begin
ning of the nineteenth century, and remained high during 
most of the century before it began a slow decline and 
virtually disappeared by 1920. That was the trend 
experienced by Austria, Belgium, England and Wales 
and France, although in France, excess female mortality 
over that age mnge was still noticeable in the late 1920s. 
Eastern Europe seemed to experience a similar trP,nd, at 
least as suggested by the series for the Czech provinces 
mentioned above. In contrast, Northern Europe experi
enced a much later appearance of excess female mortal
ity (after 1870, except in the case of Denmark), which 
remained evident until its disappearance during the 
1920s. Lastly, in Canada, the excess female mortality 
revealed by early estimates (those dating from 1831) 
declined continuously until it disappeared early in the 
twentieth century (in 1911 and 1921, respectively). 
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• Southern Europe 
•Japan 



The countries of European settlement (Australia, New 
Zealand and the United States), where excess male 
mortality prevailed, and Japan, where excess female 
mortality was noticeable, both fall outside the patterns 
of change described above. In Japan, mortality levels 
were higher than those prevalent in Northern or Western 
European countries, and excess female mortality was 
most evident between 1885 and 1928 . In addition, 
although mortality in Japan declined by 35 per cent in 
40 years, that fall did not affect the ratio of male to 
female mortality over the age group 5-14. In contrast, in 
the other non-European countries, the late nineteenth and 
early twentieth centuries witnessed a more rapid reduc
tion of mortality among girls and young women than 
among their male counterparts. 

Information for the 12 populations having compete 
data between 1875 and 1930 can be used to characterize 
further the extent of excess female mortality for ages 
5-14 years. The maximum intensity of excess female 
mortality, measured in terms of the difference from 100 
of the ratio of the male to the female probability of 
dying, varied considerably, ranging from 4-19 per cent. 
The timing of the peak intensity ranged between 1831-
1917 (table 4). However, for most of the countries 
considered, the peaks tended to occur towards the turn 

TABLE 4. SELECTED CHARACTERISTICS OF EXCESS FEMALE 
MORTALITY OVERAGE GROUP 5-14 AT THE NATIONAL LEVEL, 

1820TO 1930 
Maximum Period of Date of 
intensit/' maximum disappear-

Country or area' (percentage) intensity ance 

Austria .. .. .. .. .. .. 12.4 1889-1892 1928 
Canada .. .. .. .. .. .. 10.2 1831 1901 
Czech regions ....... 16.4 1900-1901 1930 
Denmark .......... 12.8 1885-1895 1923 
England and Wales .. 3.6 1903-1908 1923 
Finland .. .. . .. . .. .. 11.2 1908-1913 1928 
France ............. 11.6 1887-1917 1937 
Ireland ............ 19.2 1901-1910 
Netherlands ........ 4.7 1888-1893 1925 
Quebec (Canada) .... 8.2 1851 1921 
Sweden ............ 6.6 1901-1910 1935 
Switzerland ........ 5.7 1881-1888 1920 

Source: Annex table A 1. 
1ncludos countries for which a series is available for the period 1117 S-

1930. 
"Measured as the difference between 100 and the male to female ratio 

ofthe probabilities of dying in percentage tenns (for instance, Denmark, 
with a ratio of87.2, had anindexofl2.8 per cent in 1890). 
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of the century (between 1885 and 1905). The disap
pearance of excess female mortality tended to occur 
towards the 1920s in most countries, except for Canada, 
where it occurred very early. Sweden, with a ratio of 
99. 7 in 1925, does not really constitute an exception, 
whereas France and Ireland, whose mortality levels were 
comparable to those of Sweden, experienced the disap
pearance of excess female mortality only towards the end 
ofthe 1930s. 

4. Regional overview 

In order to give a regional overview of sex differentials 
in mortality over the three relevant age groups, the 
means of the ratios of the male to the female probability 
of dying have been calculated by region for three dates 
(1860, 1900 and 1930), ai;; shown in table 5. For 
mortality under age one, an increase in excess male 
mortality is observed in all regions, although it is more 
marked in Northern and Western Europe, and in North 
America and Oceania, where excess male mortality 
ranged between 24 and 28 per cent towards 1930. By 
that date, the equivalent figure for Eastern and Southern 
Europe and for Japan was 12-13 per cent. 

Over ages 1-4 years, Northern and Western Europe, as 
well as North America and Oceania again experienced a 
marked increase in excess male mortality between 1860 
and 1930, whereas in Eastern Europe and Japan there 
was ahnostno change between 1900 and 1930, the only 
two periods for which data are available. For the age 
group 5-14, excess female mortality became more 
accentuated in Northern and Western Europe over the 
period 1860-1900, before it gave way to a slight excess 
male mortality around 1930. By that date, Eastern 
Europe was unique among the European regions in 
exhibiting a slight excess mortality among girls and 
female adolescents, and Japan still experienced a marked 
and growing excess female mortality at ages 1-14 
between 1900 and 1930. 

Thus, it is over the age group 5-14 years that the most 
crucial changes regarding sex differentials in mortality 
occurred during the nineteenth and early twentieth 
centuries. That finding will be confinned by the analysis 
of differential mortality by single year of age that can be 
carried out fur the few countries having data classified in 
that way. However, before undertaking such an analysis, 
a more detailed review of trends between 1850 and 1930 
will be undertaken. 



TABLE 5. MALE TO FEMALE RATIOS OF THE PROBABILITIES OF DYING, 
BY MAJOR REGION, 1860, 1900AND 1930 

(Percentage) 

Circa 1860 Circa 1900 Circa 1930 

Under 1 1-4 5-14 Under 1 1-4 5-14 Under 1 1-4 5-14 
Region year years years year years years year years years 

Europe 
Eastern Europe ................ 120 101 91 112 102 98 
Northern Europe ............... 117 104 101 121 105 92 126 112 106 
Southern Europe ............... 112 102 101 
Western Europe ............... 120 102 96 119 105 91 128 114 104 

Japan .......................... 111 100 89 113 99 84 
Northern America/Oceania ......... 113 100 95 118 104 99 124 109 115 
Total .......................... 116 102 97 120 104 92 119 107 104 

Source: Annex table Al; unweighted arithmetical means; number of countries: 8in1860, 15 in 1900 and 19in1930. 

5. Trends in sex differentials in mortality 
between 1850and1930 

Five countries have data that pennit the study of the 
evolution of sex differentials in mortality over nearly a 
century: Denmark and Sweden in Northern Europe; 
England and Wales, and France in Western Europe; and 
Canada. 15 Under age 1, the trends experienced by all 
five countries are very similar: excess male mortality, 
already evident in 1850, increased almost monotonically 
until 1930 (figure 3). The experience of Canada, 
where the ratio of male to female infant mortality rose 
from 114 to 122 over the period, and that of England 
and Wales, where the ratio changed from 122 to 130 
over the same period, generally set the bounds within 
which the experiences of other countries are circum
scribed. 

For age group 1-4 years, excess male mortality re
mained the nonn, with only a few departures (figure 3). 
In Canada, Denmark, and England and Wales, the trend 
towards of a greater affinnation of a female advantage 
occurred smoothly. France followed a similar pattern, 
but with greater irregularities, with mortality among 
female children being higher than male mortality around 
1860. In England and Wales and in Sweden, a reduc
tion of the female advantage, which was large around 
1850, preceded its later increase (mostly after 1910). 

There is considerable variation in the trends followed 
for the age group 5-14, though most indicate the persis
tence of excess female mortality between 1850 and 1930 
period (figure 3). Canada illustrates the case of a 
progressive and early disappearance (around 1900) of 
excess mortality among older female children and young 
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adolescents. In Denmark, excess female mortality 
increased between 1860 and 1890, before diminishing 
and eventually disappearing towards 1920. England and 
Wales, as well as Sweden, had no excess female mortal
ity around 1850 but experienced a relatively deteriorat
ing situation for female children aged 5-14 as the century 
advanced, and did not experience the disappearance of 
excess female mortality until the 1920s. In France, 
excess female mortality among those aged 5-14 was 
prevalent over the full 1850-1930 period, and an in
crease was noticeable between 1872 and 1887 and again 
between 1900 and 1917, when a decreasing trend set in 
(figure ·3 and annex table A.1 ). 

6. The evolution of sex differentials in mortality 
by single year of age 

Only a few countries have complete life-tables allow
ing the analysis of sex differentials by single year of age. 
The cases of France and Switzerland will be considered 
here, 16 focusing on the age range 0-19 years. Data for 
France allow the identification of the range of ages over 
which excess female mortality prevailed, the measure
ment of the magnitude of such excess, and the identifica
tion of those ages that were more resistant to change. As 
early as the 1820s, excess female mortality was evident 
over the age range 9-18 years. By 1875-1879, it had 
become more accentuated, being apparent over most of 
the range 3-18 years and being particularly marked 
between ages 12 and 17 (figure 4). 17 That pattern 
remained almost constant until 1920-1924. Those 
changes occurred against a background of substantial 
improvements in survival; the expectation oflife at birth 
among women rose from 38 to 56 years between 1827 
and 1922. 
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Figure 3. Evolution of the male to female ratios of the probability · 
of dying by age, 1850-1930, selected countries 
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Figure 4. Evolution by single year of age (0-20) of the male to female 
ratios of the probability of dying, France and Switzerland 
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In France, the maximum level of excess female mortal
ity varied between 25 and 30 per cent, observed mostly 
among young women aged 14, 15 and 16 years (figure 
4). Before age 10, the female disadvantage rarely 
swpassed 5 per cent. The life-table corresponding to the 
period 1935-1939, with an expectation oflife for women 
of 60. 7 years, no longer showed any excess female 
mortality by five-year age groups, but still indicated that 
women aged 13 and 14 years had a small handicap with 
respect to their male counterparts in terms of mortality 
risks. Those ages, characterized by the onset of menar
che, were the most resistant to the disappearance of 
excess female mortality. Figure 4 shows that major 
changes in the sex differentials in mortality took place 
between 1920 and 1935, initiating a new trend that was 
maintained or accentuated in later years, so that a clear 
excess in male mortality became evident in the life-table 
corresponding to 1945-1949. 

In the case of Switzerland, similar conclusions can be 
reached, although the time series is shorter (1875-1932). 
In 1876-1880, excess female mortality was almost 
general over the age range 1-18, being particularly 
nuu.:kedforages 11-17 (figure 4). Differentials over the 
latter age range became even more accentuated for the 
period 1901-1910, when excess mortality among young 
women reached a maximum intensity of 30 per cent at 
ages 14 and 15. By 1921-1930, however, excess female 
mortality had largely disappeared, giving way to excess 
male mortality over most young ages except between 14 
and 17 years, which again proved to be resistant to the 
disappearance of excess female mortality. During the 
period 1929-1932, excess male mortality became 
generalized, and the graph of the ratio of the male to the 
female probability of dying is similar to that for France 
during the quinquennium 1945-1949. Interestingly, 
excess female mortality disappeared in Switzerland 
somewhat earlier (before 193 0) than in France, at a time 
when the expectation of life at birth among women had 
reached 62 years. 

E. INTERRELATIONS BETWEEN SEX DIFFERENTIALS 
IN MORTALITY AND THE LEVEL OF MORTALITY 

Between 1850 and 1930, mortality risks by age in the 
cmrent1y developed countries evolved from a situation in 
which girls and young women experienced excess 
mortality at various ages towards a situation where 
excess male mortality was the rule. It is worth inquiring 
whether, at a given point in time, sex differentials in 
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mortality were related to the mortality level experienced 
by the population, and whether over time the disappear
ance of excess female mortality at young ages was 
related to the reduction of overall mortality. To answer 
the first question, sex differentials for age groups 1-4 
and 5-14 years were related to the mortality levels 
experienced by different populations around 1900. The 
second question is addressed by analysing the experi
ences of France and Sweden between 1750 and 1930. 

Around 1900, the male probability of dying over ages 
1-4 years varied between 26 deaths per 1,000 in New 
Zealand and 202 deaths per 1,000 in Russia. Although 
a ratio of the male to the female probability of dying 
close to 100 appears to be associated with higher child 
mortality levels (above 80 deaths per 1,000), a ratio 
greater than 105 occurs at very varied levels of mortal
ity, ranging from 3 2 deaths per 1, 000 in Austria to 100 
deaths per 1,000 in Finland. With regard to age group 
5-14, the probability of dying ranges from 14 deaths per 
1,000 in England and Wales to 84 deaths per 1,000 in 
Russia, and excess male mortality is evident only at 
relatively low levels of mortality: around 20 deaths per 
1,000 in Australia and New Zealand. However, at a 
given level of mortality (say, around 37 deaths per 
1,000), the ratio of the male to the female probability of 
dying over age group 5-14 varied from 84 in the Czech 
provinces mentioned above to 101 in Canada. Further
more, near parity between male and female mortality can 
be observed in the United States, whose probability of 
dying over age group 5-14 was 37 deaths per 1,000 
around 1900, and in Russia, where that probability 
amounted to 84 deaths per 1,000. Consequently, it 
appears that the overall level of mortality is not a good 
predictor of the sex differentials in mortality prevalent at 
young ages. 

From a time series perspective, however, the conclu
sion may be different. In France and Sweden, mortality 
at the younger ages declined markedly, dropping from 
over 100 deaths per 1,000 in 1755 to below 20 per 
1,000 in 1930 for children aged 5-14. As figure 5 
shows, for the age group 1-4 years there appears to be a 
negative relation between the ratio of the male to the 
female probability of dying and the level of male mortal
ity, but it is weak, and in the case of Sweden a ratio of 
nearly 105 is associated with male probabilities of dying 
ranging from 30 to 140 deaths per 1,000. Excess male 
mortality only seems to become established (ratio over 
110) at mortality levels below 40 deaths per 1, 000 for 
age group 1-4. 



The situation is more complex regarding age group 
5-14, because the relation between the ratio of the male 
to the female probability of dying and the level of 
mortality appears to be curvilinear (figure 5). During an 
early period, when the probability of dying over age 
group 5-14 declined from 160 to 35 deaths per 1,000 in 
France and from 120 to 35 deaths per 1,000 in Sweden, 
the relation between the two appears to be positive since 
a reduction of the probability of dying is associated with 
a reduction of the male to female mortality ratio. Conse
quently, there is an accentuation in France and the 
appearance in Sweden of excess female mortality. Later 
on, however, the relation reverses itself and the male to 
female mortality ratio increases as mortality over age 
group 5-14 continues to decline. Furthermore, although 
the trends experienced by France and Sweden display 
similar shapes, their levels differ. Thus, France consis
tently presents a more marked excess female mortality at 
a mortality level equivalent to that of Sweden. In 
conclusion, it appears that the relation between level of 
mortality and excess female mortality is variable, even 
if the trends followed by different countries with respect 
to mortality differentials for age group 5-14 have many 
similarities. 

To sum up, male children under age one have invari
ably been subject to higher mortality risks than their 
female counterparts in the countries currently considered 
as developed. For age group 1-4, sex differentials in 
mortality have tended to be weak and indicate that 
female children have generally been subject to lower 
mortality risks than male children, an advantage that 
became accentuated during the twentieth century. 
However, when single years of age are considered, 
excess female mortality is detected even among children 
aged three in France towards 1875 or among those aged 
one in Switzerland at about the same time. Such excess 
female mortality was considerably more prevalent 
between ages 5 and 15, with ages 13-16 being the most 
likely to show such excess and the most resistant to 
change. The excess mortality of young adolescent 
women disappeared only after 1930. 

For none of the age groups considered is there at any 
point in time a clear relation between the level of age
specific mortality and the intensity or direction of the sex 
differentials in mortality at young ages. It is not until 
mortality becomes relatively low (around 40 deaths per 
1,000 in age group 1-4 or 35 deaths per 1,000 in age 
group 5-14) that excess male mortality becomes the rule. 
Yet excess female mortality at young ages has had only 
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a small impact on the evolution of sex differentials in the 
expectation oflife at birth between 1825 and 1940, as 
will be discussed below. 

F. REGIONAL AND SPATIAL DIFFERENCES IN 

MORTALITY BY SEX: THE CASE OF BELGIUM 

Already before 1800, there was a distinct geographical 
distribution of deaths. Numerous studies of the demo
graphic characteristics of population groups between 
1600 and 1800 show that local differences, between 
neighbouring parishes or between cities and the country
side, were marked, depending on ecological conditions, 
such as access to clean water, or on the incidence of 
epidemics. As Blum (1990) notes, one cannot deny the 
importance of differences between localities; but such 
studies, since they are mostly devoted to a single site, do 
not provide a comprehensive view, and lacking reliable 
bases for comparison, simply catalogue differences 
between localities. For most of the period 1800-1930, 
data allowing the comparative study of mortality by age 
between a country's regions or geographical habitats are 
lacking. Only infant mortality is slightly better docu
mented at the local level.18 Furthermore, data by sex are 
not always available. 

Although important differences in the mortality of the 
young by region have been known to exist, regional 
variations in sex differentials in mortality have not been 
systematically studied, nor has their relation with type of 
habitat, level of mortality at the local level or other 
sociocultural characteristics of localities been explored. 
Such analysis is crucial to understanding why certain 
types of sex differentials in mortality arise and how they 
evolve over time. Using data from studies of selected 
countries, the regional variation in sex differentials in 
mortality over age groups 0-14 or 0-19 years can be 
explored. 

Using data for the period 1890 and 1910, it is possible 
to study trends in sex differentials in child and adoles
cent mortality at the regional level in Belgium, an area 
of research pioneered by Eggerickx and Tabutin (1994) 
and Devos (1994). During that period, mortality de
clined by 28 per cent among those aged 0-4 years and by 
32 per cent among those aged 5-19 (table 6). Probabili
ties of dying under age 1 and over age groups 1-4 and S-

19 years have been calculated for 1890 and 1910 for 
each of the 41 municipalities, 9 provinces and 2 major 
regions that constitute Belgium, as well as according to 



Figure 5. Comparison of male mortality levels and malt to f....ie ratilll 
of the probability of dying in France and in Sweden, l 7S0-1938 
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1he size of communes (from less than 5,000 inhabitants· 
to more than 100,000) and the economic specialization 
of each municipality (mining, textile industry, rural, 
tertiary urban and mixed). Such estimates pennit the 
analysis of geographical variations in mortality by sex 
and their linkage to the sociocultural and economic 
context. 

Between 1890 and 1910, the pattern of sex differen
tials in mortality changed markedly (table 7). Thus, 
excess male morlality of children under age 1 increased. 
Excess female mortality evident among children aged 
1-4 in 1890 in the two largest cities of the country 
(Brussels and Ghent), in rural areas and in about 15 
municipalities (not shown) diminished noticeably; it 
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TABLB6. PR.OBABil..ITY OF DYING (PER 1,000) FOR BOTH SEXES COMBINED, BY AGE GROUP, 
ACCORDING TO TYPE OF HABITAT AND ECONOMIC STRUCTURE, BELGIUM, 1890 AND 1910 

,qo JJqJ 

Change Change 
Type o[.habitat 1890 1910 (Percenta&,e2 1890 1910 (Percenta&,el 

Large cities 
Antwerp .............. 334 236 -29 58 40 -31 
Brussels .............. 344 254 -26 66 50 -24 

Ghent ................ 384 289 -25 68 42 -38 
Liege ................. 272 196 -28 60 43 -28 

The regions 
Wallonia .............. 189 144 -24 60 41 -32 
Flanders .............. 272 221 -19 62 42 -32 

Type of district 
Mining ............... 229 156 -32 63 39 -38 
Textiles-garments ....... 298 238 -20 64 41 -36 
Rural ................. 203 163 -20 58 40 -31 
Tettiary-urban .......... 302 207 -31 63 42 -33 
Other (mixed) .......... 239 198 -17 62 42 -32 

Total ................... 258 186 -28 61 42 -32 

Sources: T. Eggaidcx and D. Tabutin, ''La llllDllMalite des fill es vers 1890 en Belgique: une approche rigionale", Population, 
vol. 49, No. 3 (May-June) (Paris, 1994); and I. Devos,La surmortalite desjilles en Belgique de 1890 a 1910: une analyse 
regionale (Louvain-la-Neuve, Belgium, lnstitut de demographie, 1994), Master's thesis; for districts, the classification relates to 
41 administrative units according to dominant type of production in each. 

disappeared almost entirely in the large cities and in 
rural areas but persisted in nine municipalities. Yet the 
most important changes occurred over the age group 
5-19 years. In 1890, excess female mortality in that age 
group was almost universal (present in 39 of the 41 
municipalities constituting Belgium) and high (averag
ing 16 per cent). It showed considerable variability by 
region, being especially marked in rural areas where 
mortality levels were low and in regions characterized by 
textile and tertiary industries. By 1910, excess female 
mortality among those aged 5-19 had declined almost 
everywhere. It had been replaced in all large cities, 
except Brussels, by relatively high excess male mortal
ity. It was also gone from mining regions, and even 
from rural areas and those dedicated to tertiary activities. 
Yet it persisted in municipalities where the textile and 
the garment industry predominated, especially in Flan
ders. Those industries were characterized by the very 
poor conditions in which a largely female labour force 
toiled. The excess female mortality of young women 
also persisted in 10 or so municipalities in which a 
mixed economy still prevailed. 

33 

All over the country, the reductions in mortality 
registered between 1890 and 1910 were greater among 
girls and young women than among their male counter
parts (table 8), especially in regions with a completely 
mban or a completely rural economy. In regions with a 
mixed economy, the difference in mortality gains over 
the age range 5-19 was smaller. As result, by 1910 
there was a relative homogeneity in the mortality of 
males by region, whereas sharp inequalities in mortality 
existed among females. Yet there was no clear relation 
between the level of excess female mortality over the age 
group 5-19 years and the overall levels of mortality in 
each of the 41 municipalities constituting Belgium 
(figure 6). Thus, the same level of excess female moral
ity prevailed for mortality levels ranging from 50-70 
deaths per 1,000. Furthennore, at a given mortality 
level (60 per 1,000, for instance), excess female mortal
ity at the regional level ranged from 5-30 per cent. 

The ratio of the male to the female probability of 
dying varied among Belgian municipalities partly as a 
result of excess female mortality and partly because of 



TABLE 7, MALE TO FEMALE RATIOS OF THE PROBABll..ITY OF DYING, BY AGE GROUP, 
REGION AND TYPE OF DIS'IRICT, BELGIUM, 1890 AND 1910 

(Percentage) 

Region and 
lqO ,ql 

~e o[.habitat 1890 1910 1890 1910 1890 

Large cities 
Antwerp .. .. .. .. .. . .. . .. .. .. 116 130 101 107 92 
Brussels .................... 119 121 97 112 84 
Ghent .. .. .. .. .. .. .. .. .. .. .. 122 118 99 107 103 
Liege ....................... 126 115 107 105 85 

Type of district 
Mining • .. .. .. .. .. .. .. .. .. .. 125 121 109 116 91 
Textiles-garments ............. 124 118 102 102 87 
Rural ....................... 116 121 94 105 81 
Tertiary-urban ............... 117 120 105 105 86 
Other (mixed) ............... 118 121 102 106 85 

Regions 
Wallonia .................... 120 128 100 105 84 
Flanders .................... 118 119 102 105 85 
Total ....................... 121 123 101 105 84 

Jjqj 

1910 

126 
98 

119 
117 

108 
93 

101 
103 
93 

100 
94 
97 

Sources: T. Eggerickx and D. Tabutin, "La sunnortalit6 des filles vers 1890 en Belgique: une approche regionale", Population, 
vol. 49, No. 3 (May-June) (Paris, 1994); and I. Devos, La surmortalite des/Illes en Belgique de 1890 a 1910: une analyse 
regionale (Louvain-la-Neuve, Belgium, lnstitut de demographie, 1994), Master's thesis; for districts, the classification relates to 
41 administrative units according to dominant type of production in each. 

TABLE 8. PROBABll..ITY OF DYING (PER 1,000) OVER AGE GROUP 5-19 BY SEX, 
REGION AND TYPE OF DISTRICT i BELGIUM1 1890 AND 1910 

Male Female 

Type of district Change Change 
andreg,lon 1890 1910 (Percentag,e2 1890 1910 (Percentag,e2 

Districts 
Mining .. .. .. .. .. .. .. .. . .. .. 60 41 -32 66 38 -42 
Textiles ..................... 60 40 -33 69 43 -38 
Rural ....................... 52 42 -19 64 41 -36 
Tertiary-urban ............... 59 40 -32 68 39 -43 
Mixed .. .. .. .. .. .. .. .. .. .. .. 57 41 -28 67 44 -34 

Four largest cities . . . . . . . . . . . . . . . 59 47 -20 65 40 -37 

Flanders ...................... 58 42 -27 68 43 -37 
Wallonia ...................... 57 ·41 -28 65 41 -37 

Total ......................... 58 41 -28 67 42 -37 

Sources: T. Eggerickx and D. Tabutin, ''La sunnorta1it6 des filles vers 1890 en Belgique: une approche regionale", Population, 
vol. 49, No. 3 (May-June) (Paris, 1994); and I. Devos, La surmortalite desjilles en Belgique de 1890 a 1910: une analyse 
regtonale (Louvain-la-Neuve, Belgium, Institut de demographic, 1994), Master's thesis; for districts, the classification relates to 
41 administrative units according to dominant type of production in each. 
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Figure 6. Probabilities of dying over age group 5-19 for both sexes compared with male to female 
ratios of those probabilities in 41 cUstricts in Belgium, 1890 
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variations in excess male mortality. Figure 7 displays 
the relation of the male to the female probability of 
dying in 1890 for each of the 41 municipalities consti
tuting Belgium; the lines indicating different levels of 
excess female mortality confirm that excess female 
mortality was largely independent of the level of mortal
ity prevalent in each municipality, especially when 
excess female mortality was high. There was consider
able diversity in the situations observed. In some cases, 
diversity arose from variations in male mortality ( espe
cially in the case of regions within Wallonia) and in 
others it was related to variations in female mortality (as 
in the case of regions within Flanders). 

The role of the system of production and the type of 
economic activities performed by children and young 
persons of each sex is an important correlate of the 
spatial variation of mortality over age group 5-19 years 
by sex. In 1890, the higher excess female mortality 
prevalent in rural areas was not caused by female 
mortality that was higher than in other areas but rather 
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by the fact that mortality among b0ys and young men 
was lower in rural areas than in cities. However, in 
Flanders and other zones where textile production was 
common, excess female mortality was directly associated 
with poor conditions of work under which girls and 
young women toiled. 

Regression analysis of the relation between sex 
differentials in mortality and certain independent vari
ables, such as female and male educational attainment or 
differential literacy levels between the sexes, yielded no 
significant results, partly because the municipality is too 
heterogeneous as a unit of analysis to be a good basis for 
the measurement of the effects of relevant independent 
variables. The use of smaller and more homogeneous 
wlits (defined in terms of economic activity, for instance) 
has yielded better though still far from definite results. 
In particular, the spatial analysis of sex differentials in 
mortality under age 20 in Belgium towards the end of 
the nineteen1h centUiy suggests that such differentials are 
associated both with changes in values and attitudes, 



Figure 7. Probability of dying over age group 5-19 
in the 41 districts of Belgium, 1890 
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Nara: MIF is the ratio of the male to the female probability of dying over age group 5-19. 

especially regarding the treatment of young infants, and 
with the type of economic activity of children aged 7 or 
over. Naturally, such economic activity was detennined 
by the structure of production at the local level, the type 
of urbanization taking place, and the social relations 
between the sexes, which are themselves related to the 
process of production and urbanization. 

In conclusion, whether at the national, regional or 
local level, there were important sex differentials in 
mortality and morbidity during the nineteenth century. 
Beyond age 1 and until the end of adolescence, girls and 
young women were subject to higher mortality risks than 
boys or young men. Overall, such a state of affairs 
lasted until the 1930s, when infectious and parasitic 
diseases began losing ground as major causes of death 
in the countries that are today considered developed. 

36 

G. THE CAUSES OF DEATH LEADING TO 

EXCESS FEMALE MORTALITY 

Excess female mortality, not only in childhood and 
during adolescence but also at other ages, was closely 
linked with higher female mortality caused by infectious 
and parasitic diseases (fabutin, 1978; Henry, 1987; 
Pinnelli and Mancini, 1991). However, most studies 
refer only to specific countries or to specific periods 
rather than being comparative; in addition, few focus on 
children and youth. 

A major problem is the lack of comparable data for a 
long period. Only a minority of countries have data that 
pennit the estimation of the probability of dying by age, 
sex and cause of death during the nineteenth and early 
twentieth centuries. A few, such as England, Italy and 



New l.ea1and, have five or six sets of data relating to the 
period 1860-1930. About 10 additional countries have 
one or two sets only (Preston, Keyfitz and Schoen, 
1972). Most, especially Eastern European countries, 
lack any infonnation whatsoever. 

The reliability of cause of death data is a key concern 
in several countries where it was not necessary to have 
a death certificate issued by a physician before register
ing a death. 19 Consequently, the cause of death was 
established from the reports made by close relatives, and 
recorded-possibly after reinterpretation-by the officer 
in charge of death registration. There were, therefore, 
high proportions of deaths whose cause was poorly 
reported or unknown, especially among young children. 
In other cases, causes that carried some stigma, such as 
tuberculosis, were wilfully misreported (Biraben, 1988). 

The proportion of causes reported as "other and 
unknown" was high among the young. Thus, in most 
countries with available data, about 20 per cent of 
deaths to persons aged 1-9 were in that category around 
1900 (table 9), though that proportion reached 30 per 
cent in New Zealand and nearly 50 per cent in Japan. In 
Belgium, the proportion of deaths with cause unknown 
was 24 per cent in 1890 among those aged 7-21 but only 
5 per cent among persons of all ages. Such variations 
pose serious problems in the use and interpretation of 
cause-of-death data for a comparative study. However, 

TABLE 9. PERCENTAGE OF DEATHS OF PERSONS AGED 1- 9 
WHOSE CAUSE IS "OTHER OR UNKNOWN'', BY SEX 

IN SELECIBD COUNTRIES, CIRCA 1900 

Country or area Year Male Female 

England and Wales 1871 22.7 21.3 
1891 20.6 19.6 
1911 ..... 12.7 12.0 

Japan 1899 ..... 47.8 40.7 
1908 ..... 49.0 41.6 

Italy 1881 ..... 22.l 21.8 
1910 ..... 22.4 22.1 

New Zealand 1901 30.0 27.4 

Sweden 1911 21.7 21.5 

United States 1900 ..... 21.2 20.7 

Source: S. Preston, N. Keyfitz and R. Schoen, Causes of Death, L1fe
Tablesfor National Populations (New York, Seminar Press, 1972). 
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to the extent that poor reporting affects both sexes 
similarly, it should not affect an analysis of sex differen
tials in mortality by cause. The evidence suggests that 
the proportion of deaths reported as unknown is only 
slightly higher among girls and young women than 
among their male counterparts. One must also assume, 
however, that among the deaths whose cause is reported, 
the quality ofreporting is similar for both sexes. The 
last problem is random variations associated with small 
numbers of events, especially in the case of rare causes 
of death. 

1. The general burden of infectious 
and parasitic diseases 

Infectious and parasitic diseases were still the major 
cause of death during the nineteenth and early twentieth 
centuries. Such diseases include tuberculosis, typhus, 
typhoid, scarlet fever, measles and whooping cough, 
whose importance varied from one country to another 
and from region to region, although their relative contri
bution to mortality was high everywhere, accounting for 
between30 and 40 per cent of all deaths towards 1880. 
Their contribution was even greater when mortality over 
age group 1-4 or 5-19 only is considered. In England 
and Wales in 1860, more than half of the deaths of 
children aged 1-4 and over two thirds of those occurring 
to persons aged 5-24 were caused by infectious diseases. 
Some diseases were especially prevalent among children 
of certain ages. Scarlet fever, for instance, predominated 
among those aged 1-14 years; measles among children 
under 5; tuberculosis among children aged 1-5, but more 
especially among those aged 5-24; and whooping cough 
among the very young. 

Mortality due to infectious and parasitic diseases 
declined considerably between 1860 and 1930, a period 
that constitutes the critical phase of the epidemiological 
and public health transition experienced by the Western 
world (Caselli, 1993; Vallin, 1989). As table 10 shows, 
there was a progressive decline at all ages of the share of 
deaths attributed to infectious and parasitic diseases in 
England. Trends in the probability of dying were even 
more striking: from 1860-1921, the probability of dying 
declined from 36 to 10 per 1,000 for age group 1-4, and 
from 7 to 2 per 1,000 for age group 5-14. In Italy, 
mortality rates due to infectious diseases declined from 
29 per 1,000 in 1881 to 4.3 per 1,000 in 1921 among 
those aged 1-4 (Pinnelli and Mancini, 1991). In the age 
group 0-14 years, there was an increase in the relative 
importance of respiratory diseases (bronchitis and 



TABLE 10. PERCENTAGE OF DEATIIS CAUSED BY INFECTIOUS 
DISEASES AMONG ALL DEATIIS, BY AGE, ENGLAND 

AND WALES, SELECTED DA1ES 

Age group 1848-1872 1901-1910 1939 

Under 1 .......... 1.8 12 6 
1-4 .............. 55 44 36 
5-14 ............. 65 49 35 
15-24 ............ 65 47 42 
25-44 ............ 50 36 28 
45-64 ............ 22 14 9 
All ages ........... 33 19 9 

Source: D. Tabutin, "La sunnortalitl! feminine en Europe avant 
1940", Population, vol. 33, No. 1 (January-Febrwuy), pp. 121-147 (Paris, 
1978). 

pneumonia}, diseases of the digestive system (diarrhoea 
and enteritis) and accidents and violence. 

2. Mortality by sex and cause under age one 

Excess male mortality under age 1 is a constant 
throughout Western history for all causes of death, and 
appears therefore to have a biological explanation (see 
chapter III below). Table 11 shows data for six different 
countries over the period 1880-1930. Excess male 
mortality varies considerably from one country to an
other, being higher in England and New Zealand than in 
Italy or Japan. In addition, there is also considerable 
variation by cause of death. Generally, excess male 
mortality is particularly high when death is caused by 
pneumonia, colds or bronchitis (varying from 20-30 per 
cent) and lower when infectious or parasitic diseases are 
involved (varying from 7-12 per cent). Between 1890 
and 1930, excess male mortality increased slightly, in 
particular for the diseases most common among infants, 
whose share of overall mortality increased steadily. 

Table 12 shows the evolution of mortality by sex for 
the six most important causes of death in Italy between 
1881 and 1921. In every case, there is excess male 
mortality, which is especially marked in relation to 
diseases of perinatal origin and those of the respiratory 
system (bronchitis, pneumonia and colds); the excess 
ranges from 13-21 per cent. Excess male mortality is 
again lower when infectious and parasitic diseases are 
involved and also in relation to gastrointestinal diseases. 
The distribution of deaths by cause changes markedly 
between 1881 and 1921, with a dramatic decrease of 
infectious diseases and diseases of perinatal origin, and 
an increase of diseases associated with malnutrition. 
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However, for each cause of death there is a slight 
increase in the excess mortality experienced by male 
infants over the 40-year period considered. 

Thus, during the first year oflife excess male mortality 
appears to be biologically determined ,20 with male 
children being subject to considerably higher risks of 
dying than female children, be it from diseases of endog
enous or exogenous origin. But even at that age, the 
female advantage is weaker in relation to diseases of 
infectious or nutritional origin than for other categories. 

3. A decline in the female advantage: mortality 
by cause at ages 1-4 

Over age group 1-4, girls maintain on average a 
certain advantage over boys, but it is typically no higher 
than 2-4 per cent for all causes of death taken together. 
When attention is restricted to tuberculosis and other 
infectious and parasitic diseases, which at those ages 
accounted for 40-60 per cent of all mortality boys died 
slightly more often than girls in the majority of countries 
(table 13). However, excess female mortality from those 
causes was evident in certain countries. That is the case 
of Norway in 1910 and 1930, Sweden in 1930, and 
Japan in 1940 or even in 1951, when excess female 
mortality had disappeared in every other developed 
country. For other countries, excess male mortality from 
those causes increased only slightly between 1880 and 
1930. 

In England and Wales, where reliable data on mortal
ity by age and cause of death for the period 1860-1947 
are available thanks to the work of Logan (1950), excess 
male mortality since 1860 was high for deaths associated 
with accidents, which accounted for 3 per cent of all 
deaths, and slight for deaths associated with respiratory 
diseases and those of the digestive system, which 
accounted for 23 per cent of all deaths. In contrast, there 
were almost equal mortality risks for male and female 
children in relation to mortality caused by infectious and 
parasitic diseases (table 14). Such equality was largely 
maintained until 1930, when the importance of infec
tious and parasitic diseases declined (passing from 54 
per cent of all deaths in 1860 to 33 per cent in 1935) an 
excess male mortality increased rapidly for all other 
causes. In Italy, mortality differentials by sex were also 
weakest for infectious and parasitic diseases, but excess 
male mortality from those causes increased from 1900 
(Pinnelli and Mancini, 1991 ). 



TABLE 11. MALE TO FEMALE RATIOS OF Tiffi PROBABILITY OF DYING BEFORE AGE 1, BY 
CAUSE OF DEATH, SELECTED COUNTRIES AND DATES 

(Percentage) 
Infectious Pneumonia, ,qr; 

and parasitic colds and Childhood Diarrhoea All Male 
Country or area Year diseases bronchitis diseases enteritis diseases' (percentage) 

England and Wales ..... 1891 112(18) 135 (29) 127 (38) 126 (12) 128 177 
1931 110 (11) 134 (29) 136 (49) 149 (10) 134 75 

Japan ................ 1899 109 (10) 112 (31) 111 (32) 114 (18) 115 168 
1940 105 (8) 118 (28) 118 (43) 112 (19) 117 96 

Italy .................. 1891 110 (14) 131 (6) 113 (45) 109 (33) 113 201 
1931 110 (6) 123 (25) 116 (28) 107 (40) 114 112 

New Zealand .......... 1881 107 (19) 160 (18) 111 (36) 124 (25) 126 99 
1911 160 (6) 145 (14) 125 (54) 117 (19) 128 64 

Norway ............... 1910 118 (16) 107 (24) 122 (37) 117 (20) 123 75 

United States .......... 1900 113 (11) 125 (21) 132 (31) 116 (33) 123 162 

Source: S. Preston, N. Keyfitz and R. Schoen, Causes of Death, Life-Tables for National Populations (New York, Seminar Press, 1972) 
NarE: Figures between parentheses ()indicate percentage of male deaths caused by each group of diseases among all male deaths occurring before age 

one whose cause is declared. 
"These four groups represent 70 to 85 per cent of the total causes of death; to that total must be added all deaths from "unknown causes" (which account 

for I 0 to 20 per cent of all deaths) and other less important causes (cardiovascular disease, accidents, neoplasms). 

TABLE 12. PROBABILITYOFDYING(PER 1,000)BEFOREAGE 1,BYCAUSEFORMALES,AND 
MALE TO FEMALE RATIOS OF THOSE PROBABILITIES, ITALY, 1891, 1901 AND 1921 

Cause of death 1891 

Tuberculosis (respiratory) ............. 0.9 
Other infectious and parasitic 

diseases ......................... 31.4 
Cardiovascular diseases .............. 2.7 
Bronchitis, pneumonia, colds .......... 25.9 
Diarrhoea, gastritis, enteritis ........... 31.1 
Congenital diseases .................. 59.2 
Accidents and violent deaths ........... 4.1 
Other causes and cause 
unknown ......................... 46.2 

All causes .......................... 201.5 

Male 1q0 

1901 1921 

0.4 0.4 

10.0 5.4 
0.7 0.7 

34.1 24.6 
45.3 49.7 
49.4 29.6 

0.3 0.2 

33.6 26.7 

173.8 137.3 

1881 

118 

104 
108 
113 
102 
118 
144 

109 

110 

Male to female ratio 
(percentage) 

1901 

104 

120 
105 
102 

112 

110 

1921 

107 

121 
108 
110 

116 

112 

Source: A Pinnelli and P. Mancini, "Differences de mortalite par sexe de la naissance a la puberte en Italie: un siecle 
d'evolution",Population, vol. 46, No. 6 (November-December), pp. 1651-1676 (Paris, 1991). 

NOTE: A hyphen (-) indicates that the probabilities of dying by sex were too low to calculate male to female ratios. 

Among infectious and parasitic diseases, whooping 
cough was particularly deadly for girls aged 1-4: be
tween 1860 and 1947, their excess mortality due to 
whooping cough increased even in England and Wales, 
rising from 26 to 36 per cent (table 14). The same trend 
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was observed in Belgium (Poulain and Tabutin, 1980): 
between ages 1 and 6, excess female mortality because 
of whooping cough remained at about 13 per cent 
between 1880 and 1925, whereas excess male mortality 
increased slowly for scarlet fever, diphtheria, respiratory 



TABLE 13. MALE TO FEMALE RATIOS OF nm PROBABll..ITY OF DYING DUE TO PULMONARY 
TUBERCULOSIS OR INFBCTIOUS AND PARASmC DISEASES, BY AGE GROUP 

~Percenta~ 

Male to female probability ratio Percentage 
1-4 5-9 10-14 of ,.q, 

Coun!!l'., or area Year l_ears J!!!.ars J!!!.ars deaths" Male 

Australia ........................... 1911 106 96 99 39 14 
1933 93 90 76 29 7 
1940 120 87 93 25 5 

Denmark .......................... 1921 125 99 68 52 17 

England and Wales .................. 1871 97 103 80 68 92 
1891 101 89 70 54 58 
1911 101 93 74 51 41 
1931 104 104 76 43 18 
1940 105 103 82 32 11 

Greece ........................... 1928 100 93 71 58 54 

Italy .............................. 1881 100 86 74 64 142 
1901 103 88 59 32 41 
1921 105 92 66 25 26 

Japan ............................. 1899 127 96 65 35 28 
1908 102 78 47 28 23 
1940 97 90 61 33 26 
1951 93 86 77 37 15 

Norway ............................ 1910 94 88 72 53 25 
1930 92 91 84 42 11 

Spain ............................. 1930 103 97 66 32 19 

Sweden ............................ 1911 105 . 83 77 58 31 
1930 92 91 84 42 11 

United States ....................... 1900 104 92 68 44 40 
1930 107 109 89 32 11 

Source: S. Preston, N. Keyfitz and R Schoen, Causes of Death, Life-Tables for National Populations (New York. Seminar 
Press, 1972). 

,,aanage of deadis by1ubertulosis and infectious and parasitic diseases among all deaths with a declared cause among persons 
aged 1-14. 

diseases and diarrhoea. Whooping cough was not a 
major killer over the age group 1-4: at the end of the 
nineteenth century, it accounted for 7 per cent of all 
deaths in England and 11 per cent of all deaths in 
Belgiwn. Children died more often from tuberculosis, 
but whooping cough was a disease whose inflammatory 
complications were frequent and severe, necessitating 
carcfW. management. 
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4. Causes of death over the most dangerous age 
range for females: 5-14 years 

All over the Western world, as well as in the overseas 
countries of European settlement and in Japan, infec
tious and parasitic diseases killed more girls than boys 
age 5-14 years during the nineteenth century (table 13). 
Around 1890, excess female mortality at ages 5-9 years 



TABLE 14. RATIOSOFMALETOFEMALEMORTALITYRATES,BYAGEGROUP 

AND CAUSE OF DEATH, ENGLAND AND WALES, 1848-1947 
(Percentage) 

Cause of death 1848-1872 1901-1910 1921 1947 

A. 1-4years 

Infectious and parasitic 
diseases .......................... 100 (54) 98 (43) 100 (35) 103 (33) 

Of which 
German measles .................... 101 (8) 104 (13) 118 (6) 105 (5) 

Scarlet fever ....................... 105 (20) 105 (4) 109 (2) 

Whooping cough ................... 74 (6) 73 (7) 71 (6) 64 (1) 

Tuberculosis ....................... 115 (12) 111 (11) 117 (10) 113 (15) 

Respiratory diseases 
Bronchitis and 
pneumonia ........................ 103 (17) 108 (28) 113 (34) 122 (20) 

Digestive illnesses 
Diarrhoea and 
enteritis ........................... 101 (6) 107 (10) 113 (12) 161 (9) 

Accidents and violent 
deaths ............................ 140 (3) 127 (4) 141 (6) 158 (15) 

Other causes ........................ 105 (20) 113 (15) 112 (13) 122 (23) 

All causes .......................... 103 (100) 105 (100) 109 (100) 122 (100) 

All causes except infectious 
diseases ........................... 106 (46) 110 (57) 112 (65) 134 (67) 

All causes except accidents 
violent deaths ...................... 102 (97) 104 (96) 108 (94) 117 (85) 

B. 5-14 years 

Infectious and parasitic 
diseases ........................... 91 (62) 84 (45) 84 (39) 99 (24) 

Of which: 
German measles .................... 89 (2) 86 (3) 

Scarlet fever ...................... 96 (24) 98 (6) 85 (3) 

Whooping cough ................... 63 (1) 61 (1) 

Tuberculosis ....................... 87 (16) 78 (20) 78 (17) 85 (13) 

Respiratory diseases 
Bronchitis and pneumonia ............ 96 (6) 103 (9) 108 (12) 

Digestive diseases 
Diarrhoea and enteritis ............... 106 (4) 105 (8) 107 (10) 121 (7) 

Accidents and violent deaths .......... 259 (10) 191 (10) 235 (12) 264 (33) 

Other causes ........................ 108 (18) 97 (28) 100 (27) 116 (35) 
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TABLE 14 (continued) 

Cause of death 1848-1872 1901-1910 1921 1947 

All causes .......................... 101 (100) 97 (100) 101 (100) 133 (100) 

All causes except infectious 
diseases ........................... 125 (40) 110 (55) 117 (60) 150 (76) 

All causes except accidents 
and violent deaths ................... 95 (90) 91 (89) 93 (87) 107 (68) 

Source: W. P. D. Logan, "Mortality in England and Wales from 1848 to 1947", Population Studies, vol. 4, No. 2, pp. 132-180 (Cambridge, United 
Kingdom, and New York, 1950). 

NOTE: Data between parentheses ()represent the percentage of male deaths by a certain cause among all male deaths. 
A hyphen (-) indicates that the mortality rates were less than 0.2 %o. 
Male mortality rates for age group 1-4 were 36.4 ~ 18.9 %0, 10.9 %0 and 2.4 %0, respectively, for each of the four dates. 
Male mortality rates for age group 5-14 were 6. 7 %0, 2.8 ~ 2.3 %o and 0.9 ~ respectively. 

was of the order of 10 percent, and could reach 25 or 30 
per cent for the age group 10-14. The contribution to 
mortality of infectious diseases was very high around 

· 1890 (accounting often for 60 per cent of all deaths) but 
declined steadily during the early twentieth century to 
reach 30 to 40 per cent towards 1930. However, in 
1930 girls and young women were still disadvantaged, 
experiencing a slight excess mortality at ages 5-9 but a 
consistently high excess mortality at ages 10-14 (of the 
order of 30-35 per cent). In fact, excess female mortality 
because of infectious diseases at ages 5-14 remained 
evident until 1940 and even until 1951 in Japan, a 
country where infectious diseases remained common. 
Thus, even during the period 1880-1930, when a major 
epidemiological transition was taking place, that change 
did not reduce the mortality disparities between the 
sexes associated with the incidence of infectious diseases 
over ages 5-14. Indeed, excess female mortality at those 
ages disappeared only when infectious diseases were no 
longer a major cause of death. 

Data for England and Wales confirm the obduracy of 
excess female mortality at ages 5-14 (table 14). In 
1921, the excess female mortality associated with 
infectious diseases was even higher than in 1860, and it 
was still evident in 194 7, even though the share of 
deaths due to those diseases had dropped radically. 
Whooping cough, which rarely caused death beyond age 
5, scarlet fever and above all measles and tuberculosis 
remained the banes of girls and young women. Between 
1860 and 1940, the relative importance of digestive and 
respiratory diseases increased, together with that of 
accidents and violent deaths, all of which were charac
terized by an increasing excess of male mortality, 
especially in the case of accidents. In 1921, the ratio of 
the male to the female probability of dying by all causes 
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combined was 101, but if infectious diseases were 
eliminated it would have increased to 117. In contrast, 
if accidents were excluded, the ratio would have declined 
to 93 (table 14). 

In Italy, a marked excess female mortality was present 
atages 5-9(table15) and 10-14 (not shown) until 1910, 
with a mean of 10 per cent that increased to 40 per cent 
for deaths due to pulmonary tuberculosis, 15 per cent for 
bronchitis and pneumonia (a level that rose even further 
from 1890-1910), and 15 per cent for diarrhoea and 
enteritis. Because of accidents and tumours mortality 
was higher among males. Until 1940, excess female 
mortality was clearly associated with specific causes of 
death. 

For a wider age span, 7-20 years, which includes many 
working women, the data for Belgium show that excess 
female mortality increased from 1890-1910 as industry 
expanded (table 16). Over those 20 years, mortality for 
both sexes combined and all causes declined by nearly 
3 5 per cent, while mortality due to infectious and 
.parasitic diseases dropped by 4 7 per cent. For infectious 
and parasitic diseases, excess female mortality over 
the age range 7-20 increased from 19 to 27 per cent 
(table 16). For respiratory diseases, the transition was 
from excess male mortality in 1890 to excess female 
mortality 20 years later. Only for diseases of the diges
tive system did excess female mortality disappear. 

5. Tuberculosis, a disease typical of girls 
and young women 

Tuberculosis was not a new disease in the nineteenth 
century but during that period it became a major cause 
of death. Being particularly hazardous because of its 



TABLE 15. MORTALITYRATBS(PER 1,000),BYSEXANDCAUSEOF 
DEA1HFORAGEGROUP 5-9,ITALY, 1881-1940 

Cause o[, death Sex 1881 1891 1901 1910 1921 1931 1940 

Pulmonary tuberculosis .................. Male 5.5 1.7 2.2 1.7 1.4 0.5 0.4 
Female 9.5 3.0 3.5 2.8 2.0 0:7 0.4 
Ratio 58 57 63 61 64 71 100 

Other infectious and parasitic diseases ....... Male 59.6 37.3 18.9 14.5 12.0 7.4 5.3 
Female 65.9 43.3 20.4 15.5 12.6 7.8 5.9 
Ratio 90 86 93 94 95 95 90 

Bronchitis, pneumonia, colds .............. Male 9.2 5.5 8.1 7.3 6.1 3.7 3.8 
Female 9.0 5.9 9.5 9.1 6.9 4.0 3.9 
Ratio 102 93 85 80 88 93 98 

Diarrhoea, gastritis, enteritis ............... Male 9.2 6.3 6.5 6.2 5.5 1.3 0.9 
Female 11.5 7.8 7.4 7.6 5.9 1.5 0.9 
Ratio 80 81 87 82 93 87 100 

Accidents and violent deaths ............... Male 5.3 2.5 2.6 2.5 2.6 2.2 2.4 
Female 1.4 2.3 2.6 2.2 1.6 1.1 1.1 
Ratio 378 109 100 114 163 200 218 

Neoplasms and cardiovascular diseases ...... Male 4.6 2.5 2.1 2.3 2.1 1.4 2.0 
Female 4.4 2.5 2.3 2.0 2.0 1.2 1.7 
Ratio 105 100 91 115 105 116 117 

Other causes or cause unknown ............ Male 22.9 27.1 16.7 14.1 11.8 5.4 6.3 
Female 21.4 28.0 17.5 14.0 10.7 5.2 5.1 
Ratio 107 97 95 101 110 104 123 

All causes .............................. Male 116.3 82.9 57.1 48.6 41.5 21.9 21.1 
Female 123.1 92.8 63.2 53.2 41.7 21.5 19.0 
Ratio 94 89 90 91 99 102 111 

Source: A Pinnelli and P. Mancini, "Differences de mortalitC par sexe de la !Wssance a la puberte en Italie: un siecle d'6volution'', Population, 
vol. 46, No. 6 (November-December), pp. 1651-1676 (Paris, 1991). 

NoTE: Male to female ratios are presented as percentages. 

TABLE 16. MoRTALITYRATES(PBR 1,000}oVERAGEGROUP7-20, 
BY CAUSE OF DEA!!!z BELGIUM1 1890 AND 1910 

Mortality rates (per 1,000) Male to female 
ratio 

1890 1910 (percentage) 

Cause o[, death Male Female Male Female 1890 1910 

Infectious diseases .......................... 18.4 22.8 9.2 12.6 81 73 
Small pox, diphtheria ...................... 2.1 2.4 0.6 0.7 88 86 
Oennan measles, scarlet fever, 
whooping cough ......................... 1.1 1.4 1.0 1.1 78 91 

Tuberculosis and other respiratory 
ailments ................................. 11.2 14.7 6.4 9.5 76 67 
Typhoid, cholera, dysentery ................. 4.0 4.3 1.2 1.3 93 92 

Respiratory diseases ......................... 6.1 5.1 3.7 3.9 120 95 
Digestive diseases .......................... 0.7 0.8 1.0 0.8 88 125 
Other diseases ............................. 1.3 1.9 4.9 5.9 68 83 
Unstated or uncertain causes ................. 9.3 9.3 3.7 3.5 100 106 

Total ..................................... 35.8 39.9 22.5 26.7 90 85 

Source: I. Devos, "Lasunnortalit6desfilles en Belgique de 1890 a 1910: une analyse r6gionale" (Louvain-la-Neuve, Belgium, 
Institut de demographie, 1994), Master's thesis. 
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' 
contagious character, it became associated with various 
myths and fears. 21 Tuberculosis was considered a 
shameful disease, attributed to heredity, to alcoholism, 
to the conditions of life, housing and work, and even to 
urbanization and industrialization.22 The incidence of 
tuberculosis increased considerably during the nine
teenth century, reaching a peak between 1880 and 1890 
and declining thereafter, although there were certain 
epidemic episodes when the conditions of life changed 
markedly, especially as a consequence of war (Puranen, 
1989; Mercer, 1990). Mortality due to tuberculosis 
varied by age, with high rates below age 1, declining 
over ages 1-9, and high rates thereafter, reaching a 
maximwn between ages 20 and 30. Among women, the 
disease tended to be more common over the teenage 
years and early in the child-bearing period (Puranen, 
1989). 

Towards the end of the nineteenth century, tuberculo
sis was no longer the main cause of death over such an 
extended age range; however, from birth to puberty its 
importance increased. Thus, between 2 and 4 per cent 
of deaths under age I, from 5 to I 0 per cent of deaths in 
age group 1-4, and between 10 and 20 per cent of deaths 
in age group 10-14 were due to tuberculosis. In addi
tion, the share of deaths caused by tuberculosis varied by 
sex. For instance, around 1905 in England and Wales, 
deaths from tuberculosis in all its forms accounted for 
19 per cent of all deaths among male children aged 5-14 
and for 24 per cent of those among females in the same 
age group. 

Indeed, tuberculosis aftlicted more girls and young 
women than their male counterparts, at least between 
1870 and 1950, when its incidence in developed coun
tries virtually disappeared. Table 17 shows examples of 
mortality rates due to tuberculosis over age groups 0-4 
and 5-19. In general, below age 5 but especially during 
the first year of life, there was an excess mortality of 
male children due to tuberculosis, as there was in 
relation to other infectious and parasitic diseases. 
However, there are cases, such as that ofltaly (tables 17 
and 18) and England and Wales, where mortality 
associated with tuberculosis was higher among girls 
than among boys starting at ages 1 or 2. At very early 
ages, masculine frailty in relation to respiratory diseases 
was confulned in most cases. 

Excess female mortality due to tuberculosis was 
almost universal above age 5, increasing rapidly from 
ages 5-9 to 10-14, where it reached a peak (e.g., the case 
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ofltaly in table 18). Almost everywhere in the Western 
world, girls and young women aged 5-19 years had at 
least a 29 per cent higher probability of dying from 
tuberculosis than their male counterparts (table 17). 
When data for the different age groups are available, as 
in the case ofltaly (table 18), the differentials between 
the sexes show an increase with age until puberty, so 
that excess female mortality because of tuberculosis rises 
from a level of30-40 per cent at ages 5-9 to 60 or even 
70 per cent at ages 10-14 (before 1940). Furthermore, 
until 1940 the declining trend in the incidence of tuber
culosis in the population as a whole was not accompa
nied by a parallel decline in the excess female mortality 
associated with the disease, as was observed in the case 
of other infectious diseases, where excess male mortality 
appeared early on during the transition process. There 
may even have been an increase in excess female mortal
ity due to tuberculosis, especially over ages 10-14. Thus 
the ratios of the male to the female probability of dying 
because of tuberculosis over age group 5-19 for four 
countries were lower in 1930 than around the end of the 
nineteenth century (table 17), but those referring to age 
group 10-14 in Italy declined from 1880-1900 and then 
remained almost unchanged until 1940 (table 18). In 
England and Wales, as well as in France and probably 
in other countries, it is only when mortality due to 
tuberculosis had almost disappeared towards 194 7 that 
excess male mortality associated with that disease began 
to prevail. That reversal occurred considerably later 
than for other infectious diseases. 

H. A REVIEW OF THE FINDINGS PRESENTED 

AND CAUSAL HYPOTHESIS 

A summary of the findings presented so far is useful 
before hypotheses about the causes and determinants of 
the trends observed are discussed. In general, in nine
teenth century Europe, excess male mortality under age 
1 was high, ranging between 10 and 25 per cent accord
ing to eowttry. In most cases, excess male mortality was 
lower over age group 1-4 and it was even non-existent 
in certain countries. In contrast, over age group 5-14, 
excess female mortality prevailed almost everywhere. 

The existence of excess female mortality among 
children and young women is not confined to the nine
teenth century. In fact, it can be traced as far back as the 
seventeenth and eighteenth centuries in such countries as 
Denmark or France. Evidence of its existence is also 
present in studies of rural villages and of such cities as 



TABLE 17. RATIOOFMALETOFEMALEMORTALITYRATES(PER 1,000)CAUSEDBY 
PULMONARY TIJBERCULOSIS OVERAGE GROUPS 0-4 AND 5-19 

0-4 5-19 

Male to female Male to female 
Coun!!:r, or area Year Male Female (Percentag,e2 Male Female (Percentag,e2 

England and Wales ............ 1871 3.3 3.3 100 13.5 18.9 71 
1931 0.5 0.4 125 3.6 5.8 62 

Italy ......................... 1881 4.8 5.0 96 13.7 22.6 61 
1921 1.4 1.3 108 5.5 10.7 51 

Japan ....................... 1908 1.9 1.7 112 12.5 23.2 54 

Sweden ...................... 1911 2.0 1.7 118 10.0 15.8 63 
1930 0.6 0.6 120 6.3 9.8 64 

United States ................. 1900 2.6 2.3 113 6.6 10.7 62 
1930 0.5 0.4 125 2.1 4.0 53 

Source: S. Preston, N. Keyfilz and R. Sdtoen, Causes o[Death, Life-Tables for National Populations (New York, Seminar Press, 
1972). 

TABLE 18. MORTALITY RATES (PER 10,000)CAUSEDBYPULMONARYTIJBERCULOSISFORMALES, 
BY AGEGROUP,ANDMALETOFEMALERATIOS,ITALY, 1881-1951 

Male to female ratios 
Rates (Percenta&,el 

1-4 5-9 10-14 1-4 5-9 10-14 
Year years years years years years years 

1881 ........................ 14.20 5.48 5.06 94 58 53 
1891 ........................ 3.39 1.75 3.56 99 59 41 
1901 ........................ 4.36 2.21 2.88 97 64 28 
1910 ........................ 4.13 1.74 2.00 106 62 33 
1921 ........................ 2.89 1.44 1.50 104 72 34 
1931 ........................ 1.61 0.46 0.98 118 67 37 
1940 ........................ 1.06 0.37 0.51 116 84 32 
1951 ........................ 0.68 0.18 0.21 102 120 54 

Source: A Pinnelli and P. Mancini, "Differences de mortalite par sexe de la naissance a la puberte en Italie: un siecle d'evolution", 
Population, vol. 46, No. 6 (November-December), pp. 1651-1676 (Paris, 1991). 

Geneva. It is therefore a well established feature that 
became more marked during the nineteenth century, 
when excess female mortality appeared even in Sweden, 
a country that until 1870 had been exempt :from it. 

For almost half a century (1840-1890), excess female 
mortality was evident over an extended age range (:from 
age 3-19 in France, for instance), which included ages 
characterized by activities as diverse as school atten
dance and factory work. Excess female mortality was 
particularly marked over age group 10-14 (where it 
ranged :from 20-40 per cent) and especially at the age of 
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puberty, that is, at ages 13-15; at those ages, excess 
female mortality persisted until in the early 1930s, and 
in some cases even after the Second World War. 

In general, there was no significant relation between 
the level of mortality prevailing over a period and the 
magnitude of excess female mortality in childhood. 
However, the distribution of deaths by cause did matter, 
since sex differentials by cause of death varied consider
ably. Before age 1, excess male mortality prevailed for 
all causes, especially for the typical diseases of the very 
young, including those of endogenous origin. Beyond 



age 1 and particularly over age group 5-19, infectious 
and parasitic diseases, which accounted for between 40 
and 60 per cent of all deaths at those ages, were associ
ated with excess female mortality, especially in the case 
of tuberculosis. At ages 10-14, such excess female 
mortality varied between ·30 and 50 per cent around the 
turn of the century. 

The share of infectious diseases as a cause of death 
declined between 1890 and 1930, whereas that of 
accidents and violence, which tended to affect males 
more, increased. Although overall excess female mortal
ity for all causes of death combined disappeared towards 
193 5, that associated with certain infectious diseases 
was still evident in the 1950s, at a time where effective 
treatments were already available. Such excess female 
mortality disappeared only with the eradication of the 
diseases that caused it. 

In conclusion, with only a few exceptions, such as 
Sweden, 23 the excess mortality of girls, female adoles
cents and young women prevailed over at least three and 
a half centuries (1600-1930) in countries that are today 
considered developed. 24 Such excess female mortality 
probably increased during the nineteenth century and 
disappeared only about 60 years ago. Its disappearance 
has led to the current marked excess male mortality 
beyond age 5. Before 1930, excess female mortality, 
though universal, displayed different patterns and 
intensity by age, country, region and social class. The 
causes of its prevalence, therefore, cannot be simple or 
uniform. 

1. Hypotheses about the causes of 
excess female mortality 

Several studies have already been devoted to dis
entangling the origin of sex differentials in mortality 
(e.g., Lopez and Ruzicka, 1983; Waldron, 1983, 1985, 
1987; and the present volume). It has become an 
established approach to distinguish biological factors 
from behavioural or environmental factors deriving from 
the different roles and status that men and women have 
in society. Biology and genetics appear to be unfavour
able to men, since male children seem to be more 
wlnerable and less resistant to various diseases, though 
there are important exceptions to that generalization, as 
noted in chapter III below. Sociocultural factors, in 
contrast, are more likely to be unfavourable to females 
because of overt or covert discrimination against females 
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in relation to access to health care, nutrition, housing 
and so on. 

It is useful to distinguish between biological differ
ences, environmental factors (work, nutrition, education) 
and cultural factors (the status of women in society and 
within the family), as proposed by Arriaga and Way 
(1987) or Wall (1981). However, there is agreement 
regarding the extreme difficulty of measuring separately 
the effects of each factor in determining sex differentials 
in mortality, since biological and sociocultural factors 
interactinnwnerous ways. As Vallin (1988) has noted, 
sex divides the population into two distinct groups 
according to the biological difference introduced by the 
presence or absence of a Y chromosome. Since sex in 
those terms is an immutable characteristic of each 
individual, it cannot involve a selection effect. How
ever, sex does not provide a firm biological reference or 
a theoretical norm with respect to which one can mea
sure deviation, since biological sex is itself the basis for 
sociocultural differences that cannot always be distin
guished from biological factors (Vallin, 1988). Thus, in 
some cases the effects of sociocultural and environmen
tal factors may reinforce and in others may run counter 
to biological factors. Despite that complexity there is 
agreement on the existence of a biological advantage in 
favour of females, whose influence, though certain, is 
modest and varies according to age and type of habitat. 25 

According to the sociologist Chenu (1988), it is 
impossible to exclude the influences of social factors, 
including social constructions of gender, from analysis 
of the human condition. There is no theory or explana
tion of sex differentials in mortality that integrates 
biological, social and economic factors. As Johansson 
(1991) rightly notes, there is a lack of historical perspec
tive and of well-documented microlevel studies. Thus, 
there has been a tendency to emphasize the existence of 
excess male mortality, forgetting that at certain ages 
excess female mortality tended to prevail (f abutin, 
1978). 

Furthermore, the explanatory perspective must be 
expanded so that the focus is not merely mortality but 
the more encompassing concept of health. For both girls 
and boys, death is but one of the possible outcomes of a 
complex process of illness (Tabutin, 1995). Conse
quently, just as the analysis of changes in mortality 
levels requires consideration of the diseases that lead to 
death, a study of the causes _of the sex differentials in 



mortality requires an· analysis of morbidity and the 
disease process by sex. 

Two elements must be taken into account when 
considering explanations for the sex differentials in 
mortality at a particular age and in a given historical 
context: (a) the risk of exposure to disease, that is, the 
type and intensity of contacts with micro-organisms, 
parasites or toxins that cause disease and that have 
various modes of transmission, which are linked to 
housing conditions, type of work, personal cleanliness, 
sexual behaviour and so on; and (b) the individual's 
resistance to disease, which may be genetically deter
mined, dependent on nutritional status (all other things 
being equal, a better nourished person is better able to 
resist a microbial infection), or related to specific 
behaviours (use of the health system, for instance). 

Following such an approach, Johansson (1991) notes 
that "the average woman, who is usually socialized to 
lead a gender-specific lifestyle which is different from 
the average man's, will either be exposed to life-threat
ening hazards equally, more or less often than men. If 
exposure levels were the same for both sexes, it could 
still happen that the average woman could be more, less 
or equally resistant to disease than the average man. If 
resistance levels were the same for both sexes, it would 
still be possible for the average women to be more, less 
or equally exposed than the average man. Those three 
logical possibilities (higher than, equal to or lower 
than), when applied to exposure and resistance, produce 
nine empirically possible biological "stories" about why 
males or females die at higher rates in any one place and 
time. There is no biological basis for assuming that any 
one of those stories will always be true, irrespective of 
the cultural and biological context in which it must be 
told. Jn fact, there is no biological reason to assume that 
they could not all have been true in different times and 
places. That makes the study of differential mortality 
intrinsically historical." 

Ultimately, complex theories of differential mortality 
between the sexes work backwards from sets of age
specific death rates, which are initially explained in 
terms of differential patterns of exposure and resistance 
within a specified disease environment. Differences in 
exposure and resistance are interpreted as a result of 
cultural nonns regarding conduct or welfare (including 
both positive and negative rights), except where behav
ioural differences can be explicitly linked to inborn 
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genetic differences that are physiologically expressed 
(for example, through pregnancy and childbirth) in the 
same way irrespective of time and place. 

Let us address the three major questions raised by 
the analysis carried out so far. Why is it that excess 
female mortality over the age group 5-19 persisted for 
over three centuries? Why did such excess increase 
during the nineteenth century? And why did it disap
pear? 

2. Excess female mortality under age 20: a general 
problem linked to the status of women 

According to current knowledge, biological factors are 
favourable in the early years of life to female children 
and unfavourable to male children in relation to most 
though not all infectious and parasitic diseases that 
were important causes of death in the past (see Waldron, 
1985, and the present volume). Biologically, males are 
more vulnerable and females are more vigorous and 
resistant. That "biological order" was evident in the past 
up to ages three or four, below which boys were subject 
to greater mortality risks than girls in almost every one 
of the currently developed countries. However, beyond 
the first years of life, the environment gained ground 
over biology, since only differential behaviour or treat
ment of .children by sex within the family and in society 
at large can explain the excess mortality to which female 
children and young women were subject. 

From 1600-1900, most of the societies considered in 
the present chapter kept women in a subordinate posi
tion, subject to physical stress (enduring multiple 
pregnancies and working both outside and inside the 
home) and largely without access to education. The 
birth of a boy was a source of joy, that of a girl was no 
more than a minor compensation. Thus, in nineteenth 
century France a fanner whose only offspring were 
daughters was likely to declare that he had no children 
and one whose wife had just given birth to a daughter 
might say, as is said even today, that she had a false 
delivery (Legouve, 1849). Discrimination against girls 
was such that it led to higher morbidity and earlier 
mortality among girls than among boys up to ages 15 or 
20. According to Shorter (1984), the sentimentalization 
of the relationship between men and women. which 
occurred towards the end of the nineteenth century, was 
responsible for the emergence of female liberation and 
the improvement of their status. 



3. The nineteenth century and its 
impact on women 

Excess female mortality below age 20 is evident 
throughout the nineteenth century, often showing an 
increasing trend or, as in Sweden, appearing in countries 
where it had not existed before. As industrialization and 
urbanization expanded, there was a diversification of 
ideology, social movements appeared, individualism 
asserted itself, religion lost ground and capitalism took 
root. During the "century of revolutions", the status of 
women showed little improvement in a number of 
European countries. 

During the nineteenth century, girls and women were 
recruited in large numbers to work in industry under 
conditions detrimental to their health. Women were 
largely denied access to expanding educational opportu
nities and the dominant ideology of the time was anti
feminist. 26 Thus, whether women lived in urban or rural 
areas, whether they worked in a factory or at home, 
whether they belonged to the bourgeoisie or to the 
proletariat, the nineteenth century only accorded them a 
secondary role characterized by submission and depend
ence (Tabutin, 1978). It is not surprising, therefore, 
that in a context in which the majority of the population 
lived in poverty (subject to poor housing and working 
conditions, poor hygiene, high levels of prostitution 
etc.), the unfavourable condition of women had a major 
negative impact on their survival. 

It is important, however, to determine more precisely 
through which mechanisms the low status of women was 
translated into high female mortality. Which factors 
were susceptible to the deliberate or even unintended 
neglect of parents towards their daughters? Why, when 
overall mortality began to decline, was the progress 
made by girls and young women aged 5-14 less rapid 
than that made by their male counterparts? 

4. The mechanisms involved in 
sex discrimination 

Up to age 15, discrimination against girls and young 
women, stemming from conscious or subconscious 
behaviour on the part of their parents and other family 
members, might be exercised through five major chan
nels: nutrition; housing conditions and hygiene; access 
to education; access to the health system; and the 
conditions of work. The effect of each will vary accord-
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in.g to age, culture and local custom, and also according 
to the dominant system of production. 

Nutrition. The essential role that nutrition plays in 
determining the health of individuals is well known, 
especially in tenns of the relation between nutritional 
status and resistance to viral or bacterial infections (see 
chap. V below). A well nourished individual has a 
better capacity to resist the onslaught of such infections 
as pulmonary tuberculosis than someone who is mal
nourished either because oflow calorie intake or because 
of lack of vital nutrients (Puranen, 1989). There is much 
historical evidence to support the fact that girls and 
women were not as well nourished as boys or men 
(Shorter, 1984). In fact. girls were often trained from an 
early age to "sacrifice themselves" for the benefit of 
boys. The existence of discriminatory practices between 
the sexes in the realm of nutrition was very likely in 
contexts where extreme poverty reigned and the family 
depended on a subsistence economy, a situation that 
prevailed in most rural societies during the nineteenth 
century. However, the extent of such discrimination in 
other contexts is not clear. It seems, for instance, that 
discriminatory practices affecting the nutritional status 
of girls and women were not generally present in Eng
land, where early in the twentieth century boys were 
more likely to be malnourished than girls (Wall, 1981 ), 
or in the United States (Courtwright, 1990). 

Housing conditions and hygiene. Even early in life, 
boys and girls had different roles and tasks within the 
family. Simplifying considerably, it can be said that 
girls were devoted to activities within the home, whereas 
boys were expected to undertake activities outside the 
home. Given the poor housing conditions of the period, 
which were characterized by lack of ventilation, excess 
humidity, lack of running water and waste disposal 
facilities and a large number of persons per room, female 
children may have been subject to greater risks of 
infection than male children. In addition, girls and 
women were more likely to take care of the sick. As 
Aaby (1989 and 1992) notes, the number of persons per 
room is an important factor in the transmission of such 
diseases as measles or whooping cough: their gravity 
and therefore their lethality depend, it seems, on the dose 
of virus absorbed. That dose would be greater in 
constrained environments lacking ventilation. Similarly, 
housing conditions and personal hygiene are important 
factors in the transmission of tuberculosis: the bacillum 
may survive long periods in d!rt or debris, in both rural 



and urban areas. According to surveys of English 
schools towards the end of the nineteenth century, 
personal hygiene appeared to be better among boys than 
among girls (Wall, 1981). 

.Access to health care and schooling. There is little 
information on this topic, but as is common today in 
developing COlDltries, sick girls were taken to hospital or 
to a physician less often than boys, especially in cases 
where health services were costly and distant (as was 
often the case in rural areas). Furthermore, lllltil the 
introduction of mandatory education, 27 girls were less 
likely to attend school than boys or to stay in school as 
long as boys, except perhaps in industrial regions where 
boys started working very early in life. Yet school 
attendance had a important role to play in fostering 
personal hygiene and raising consciousness about health 
problems. Equality in terms of schooling took some 
time to be achieved. 

The conditions of work. Excess female mortality 
under age 20, as the present paper has shown, was not 
restricted to the nineteenth century. It appears to have 
been a characteristic of rural societies before 1800, and 
it is in those societies that it lasted the longest over ages 
1-4, when children did not participate in either educa
tional or productive activities, and over ages S-14, when 
sociocultmal and economic segregation by sex becomes 
marked. 

The city, centre of new ideas regarding the family, 
fertility and the value of children, contributed to reduce 
the culturally based inequalities between the sexes, but 
industrialization created other links with the conditions 
ofwmk. Until the end of the nineteenth century, indus
trialization depended heavily on the work of children and 
adolescents. Those segments of the population consti
tuted a cheap and docile labour force, whose economic 
activity was essential to household survival. Young 
boys worked in mines, coal ·pits and metalworks, 
whereas young girls, being more dexterous and cheaper, 
were concentrated in the textile industry, lacemaking and 
domestic work in both urban and rural areas. Thus, in 
Belgium towards 1896, the coal pits of Wallonia 
employed 18 per cent of males and S per cent of females 
under age 21, whereas the textile industry of Flanders 
employed 13 and 33 per cent, respectively, of young 
males and females under age 21. Excess female mortal
ity over ages S-14 was general, but its magnitude varied 
according to the type of industry involved, and thus 
according to the relative risks to which members of each 
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sex were subject (Eggerickx and Tabutin, 1994). Factory 
work and domestic service conspired to increase the 
risks that girls and young women had of becoming sick 
and dying by reducing their resistance to disease. As a 
1890 report of a Belgian medical commission stated, a 
healthy status among female factory workers was the 
exception and illness was a common state. 

Consequently, during the nineteenth century young 
women were not able to make up for the handicaps that 
they had accwnulated over past centuries. However, the 
mechanisms of discrimination by sex became more 
diversified as urbanization and industrialization ex
panded and gained in complexity with modernization, 
especially through the provision of schooling and better 
health services. Although real progress in reducing 
mortality among the young was made, sex differentials 
unfavourable to females persisted well into the twentieth 
century. 

S. The disappearance of excess 
female mortality 

The reduction of excess female mortality under ago 20 
and its final disappearance towards 1930 or 1940 is 
attributable to three major developments. First, a rapid 
and irreversible reduction of the incidence of infectious 
and parasitic diseases occurred, accompanied by an 
increasing incidence of causes of death that disadvan
taged males , such as accidents and violence. Second, 
social progress favoured females: schooling became 
universal; the health system expanded; there was in
creasing regulation of work in terms of minimum age 
and maximum hours of work; and legal protection of 
women and children was established. France, for 
instance, adopted policies protecting children between 
1870 and 1940 (Rollet, 1990). Third, the modem 
family and a different vision of women and childhood 
emerged, which was accompanied by a decline in 
fertility and changing aspirations. 

Those three changes occurred simultaneously and are 
linked. As a result, the twentieth century witnessed the 
transformation of countries that are defined today as 
developed from rural and patriarchal societies into urban 
and more egalitarian societies. The recent disappearance 
of excess female mortality at young ages indicates that 
the most obvious discrimination against women has also 
disappeared. There remain, however, many modes of 
covert discrimination that although less blatant still have 
pernicious effects and must be combated. 



NOTES 

1Infantmortality, for instance, ranged from 100 deaths per l,000 live 
births in Noiway to 260 deaths per 1,000 births in Russia in 1880. At that 
time, infant mortality averaged 100deathsper1,000 in Northern Europe, 
162 in Western Europe, 194 in Southern Europe and 242 in Eastern 
Europe (Poulain and Tabutin, 1980). 

2See Poulain and Tabutin (1980) for a review of the changes in under
five mortality that took place between the nineteenth century and 1970; 
Houdaille (1980) for a review of mortality trends over the seventeenth 
and eighteenth centuries; the special volume of Anna/es de demographie 
historique (Societe de demographique historique, 1989) on the decline of 
mortality; the work of the Committee on Historical Demography of the 
International Union for the Scientific Study of Population (IUSSP) 
(Schofield and others, eds., 1991); and Chesnais (1986). 

2See, for instance, Vallin (1989) on the long-term changes of age and 
sex-specific mortality in Europe. 

"This does not exclude the possibility of the existence of excess female 
mortality during the childbearing ages. For a review of excess female 
child mortality in developing countries, see Tabutin and Willems (1993); 
for an analysis of the phenomenon in Northern Africa since 1965, see 
Tabutin (1992). 

5 Analysis of data quality is beyond the scope of the present paper; 
note, however, that only the most recent life-tables or mortality rates by 
age calculated with the greatest rigour were used in the analysis, and that 
those that lacked internal coherence were rejected. 

6For an in-depth discussion of the possible measures of sex differen
tials in mortality, especially excess female mortality, see Willems (1993), 
chap. 2. 

'Examples of such scientists during the seventeenth and eighteenth 
centuries include J. Graunt, W. Petty and E. Halley in England; W. 
Kersseboom and N. Struyck in the Netherlands; G. Buffon, J. L. Muret, 
J.B. Moheau and A. Deparcie~ in France; J. P. SUssmilch in Germany; 
P. Wargentin in Sweden; and D. Bernoulli in Switzerland. 

'Cited by Hecht (1980), p. 62. 
90ther examples can be found in Behar (1976) and Willems (1993). 
1"rwo centuries later, Simone de Beauvoir emphasized that the period 

of puberty is one of very high risk for women. 
11See Houdaille (1980) for a critical analysis of these sources of child 

mortality estimates. 
12In addition, because of the small numbers considered many studies do 

not report deaths by sex or present only data relative to adult mortality. 
13See the study by Finlay (1981) on sex differentials in mortality in 

London between rich and poor parishes from 1580 to 1650. 
14ln the cases of the Netherlands and Noiway, series of national 

mortality estimates based on reported deaths and population counts that 

are richer than those used in the present study have recently become 
available; they could not, however, be integrated into the present study. 

15The city of Quebec also has detailed data, but its demographic trends 
are similar to that of Canada as a whole and therefore will not be 
considered separately here. 

16Such data are also available for Austria and Belgium, both of which 
have experienced similar trends. 

17Mortality during the nineteenth century is still rarely the subject of 
analysis. Methodological problems (underestimation of deaths, quality 
of age reporting etc.) are numerous, but in a number of countries civil 
registration and census data can be classified by province, locality, region 
or type of habitat, especially after the period 1860 to 1870. 

1"The attenuation of excess female mortality from age 15 or 16 
onwards and its disappearance by age 20 in both France and Switzerland 
reflects the fact that male mortality rises faster than female mortality from 
ages 15 and 16. 

1"In Belgium, for instance, physician certification began to be required 
only in 1954. 

2'>Jbe only possible exception comprises deaths due to tumours, which 
in any case account for a very low proportion of all deaths under age one, 
as seen in the data for Italy. 

21See, for instance, the chapters on tuberculosis in Bardet and others 
(1988). 

22There are several forms of tuberculosis. The pulmonary form was 
the most common, accounting for 80 or 90 per cent of all cases. It may 
be transmitted directed through expectorant or indirectly by the presence 
of bacteria in milk, dirt etc. 

23'Jbere may be other exceptions; however, only Denmark, France and 
Sweden have national life-tables for the eighteenth century. 

24There are no reliable data for earlier periods. Although some figures 
are proposed here and there, they must be interpreted with caution. 

2SLJsing data for pre-industrial Europe, Pressat (1973) tried to measure 
the biological female advantage. He concluded that there were two 
extra years of expectation of life, though he himself recognized that 
such a difference was determined by both biological and environmental 
factors. 

26ln his work La pomocratie ou les femmes (1865), Proudhon writes 
that one cannot compare the faculties of men and women, whether in the 
realm of economics or industry, in that of philosophy or literature, or in 
that of law. The only role of a woman is to be at the service of her 
husband and to have children. Proudhon thus arrives at his famous 
"scientific" calculation that a woman is equivalent to 8!27 of a man. 

27Mostly dating from the end of the nineteenth century, except in 
Russia and Belgium, where mandatory education was introduced in 1914. 
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derived from contemporary and historical international 
data. The evidence indicates that sex ratios at birth are 
influenced by ethnic differences, foetal mortality rates, 
fertility rates and social processes, such as sex-selective 
abortion. 

In large developing countries with reliable data, the 
sex ratios of live births have varied between 103 and 
106 in recent decades (table 19). For developing 
COlllltries with reliable data for both live births and late 
foetal deaths, sex ratios for live births ranged from 103 
in Mauritius to 108 in Singapore (table 20). In coun
tries with good civil registration systems, rates of late 
foetal mortality are relatively low, and thus there is little 
difference between sex ratios for live births and sex 
ratios for total births. Mauritius and Cuba had some
what higher late foetal mortality rates, with higher rates 
for males than for females; consequently, the sex ratios 
for total births were slightly greater than the sex ratios 
for live births. It is likely that late foetal mortality rates 
are still higher in many other developing countries 
lacking good civil registration systems, so that those 
cowrtries may have a greater difference between the sex 
ratio of total births and the sex ratio of live births, as 
observed in historical data for developed countries 
(discussed further below). Most contemporary data for 
developed countries show sex ratios at birth between 
104 and 107, with relatively little difference between 
sex ratios for live births and sex ratios for total births 

TABLE 19. SEXRATIOSOFLIVEBIRTHS,SELECTED 
DEVELOPING COUNTRIES" 

Country 1965-1970 1978-1982 

Chile ............... . 103.8 104.3 

Egypt .............. . 106.3 

Guatemala .......... . 104.0 

Sri Lanka .......... .. 103.5 104.5 

Tunisia ............ .. 104.6 105.8 

Venezuela .......... . 103.4 104.5 

Sources: M Schtickzelle, "Evolution du rapport de masculinit6 a la 
naissance dans quelques pays occidentaux'', Genus, vol. 37, pp. SS-60 
(Rome, 1981); and United Nations, Demographic Yearbook, 1986 
(United Nations publication, Sales No. E/F. 87 .XIII. I). 

'Including those developing countries with data concerning number of 
live birtbl by sex for 1978-1982, with at least l 00,000 births per year, at 
least 90 per cent complete reporting and births classified as alive at the 
time ofbirth, not later. 
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TABLE20. SEXRATIOSOFLlVEBIR.THS, TOTAL BIRTHS AND LATE 

FOETAL MORTALITY RlSK, SELECTED DEVELOPING 

COUNTRIES, 1980-1984' 

Sex ratio Sex ratio Late foetal mortality rtsk!' 
of live of total Sex 

Count!l!, births births Male Female ratio 

Chile ........ 104.3 104.3 7.1 7.2 99 

Cuba ........ 106.3 106.5 12.6 10.5 120 

Mauritius .... 103.3 103.6 22.9 20.2 114 

Singapare . . . . 108.2 108.2 6.2 6.0 103 

Source: United Nations, Demographic Yearbook, 1986 (United 
Nations publication, Sales No. E/F.87.XIIL l). 

'Including data for developing countries with at least 90 per cent 
oomplete reporting oflive births and late foetal deaths and at least 1,000 
late foetal deaths in 1980-1984 (or, for Cuba, 1981-1984). 

"Late foetal deaths per 1,000 (live births plus late foetal deaths). 

(Cbalma7.arian, 1986 and 1988; Johansson and Nygren, 
1991; Schtickzelle, 1981; Ulizzi and Zonta, 1993). 

Sex ratios of live births generally vary between about 
103and107. One cause of the variation in sex ratios of 
live births may be ethnic differences. Blacks generally 
have lower sex ratios at birth, as shown both by data on 
sub-Saharan African countries and by data classified by 
race within countries (Chahnazarian, 1986 and 1988; 
Feitosa and Krieger, 1993; James, 1987a; MacGillivray, 
Davey and Lawley, 1986). However, it appears that not 
all black populations have low sex ratios at birth, since 
studies of local or regional samples with reliable data 
have shown high sex ratios for blacks in parts of Africa, 
as for instance in regions of Nigeria, where ratios of 
106-107 have been recorded (Ayeni, 1975; Rehan, 
1982). 

Additional causes of variation. in sex ratios of live 
births are suggested by the observation that countries 
with better health and lower fertility tend to have higher 
sex ratios of live births (Klasen, 1994; Mackey, 1993). 
For example, data for the 1970s and 1980s, excluding 
countries where a significant share of the population is 
Aftican or of Aftican descent, show average sex ratios of 
104-108 and 105-106 for countries with life expectan
cies of 65 and 75 years, respectively (Klasen, 1994). 
Improved maternal health may be associated with lower 
late foetal mortality, particularly for males. Decreased 
foetal mortality for males contributes to higher sex ratios 
of live births. Fertility rates may also influence sex 
ratios at birth. Specifically, in low-fertility populations 



immunodeficiencies are uncommon in females, because 
normal immune function is usually preserved by a 
normal gene on one of the two X chromosomes. Al
though X-linked immunodeficiencies contribute to 
greater male vulnerability to infectious diseases, the 
quantitative importance of that effect is uncertain. Each 
of the identified X-linked immunodeficiencies is rare, 
and data for developed countries suggest that the fre
quency of all types combined is perhaps 1-10 per 
100,000 male births. s In environments with high rates 
of infectious diseases and poor medical care, most males 
with X-linked immunodeficiencies would be expected to 
die of an infectious disease by age 5, which suggests that 
X-linked immunodeficiencies might contribute roughly 
0.5-10 infectious disease deaths per 100,000 males.6 In 
comparison, the excess of male over female infectious 
disease mortality for infancy and early childhood is 
roughly 30-130 deaths per 100,000 in some developing 
countries.7 Those estimates suggest that X-linked 
immunodeficiencies may make a minor to moderate 
contribution to excess male infectious disease mortality 
in some developing countries. That conclusion must be 
considered tentative, however, since the estimates are 
subject to considerable uncertainty and variability 
between countries. 

Another possible cause of greater male vulnerability to 
infectious disease mortality is that testosterone may 
inhibit immune function (Schuurs and Verheul, 1990). 
Males have higher levels of testosterone during foetal 
development and the first few months after birth, which 
may contribute to decreased immune function and 
greater vulnerability to infectious disease for male 
infants. However, that hypothesis must be considered 
tentative at present since current research has identified 
very few sex differences in immune function in early 
infancy, and it is unclear whether the few observed sex 
differences would benefit males or females or have no 
significant effect on sex differences in infectious disease 
mortality in infancy (table 26). 

Table 26 summarizes the available evidence concern
ing sex differences in the levels and function of various 
components of the immune system in infants and chil
dren. As mentioned above, the limited data available for 
infants do not provide. clear evidence of sex differences 
in immune function. For children, sex differences in 
immune function vary depending upon the specific 
immune component considered. It appears that girls 
have higher levels of antibodies to rubella vaccine and 
Epstein-Barr virus, and higher levels of immunoglobulin 
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M (IgM). However, boys may have stronger responses 
in one test of immune cell responsiveness, and no sex 
differences have been found for many of the components 
involved in defences against infectious disease. Those 
generalizations are supported by evidence for both 
developed and developing countries (Biggar and others, 
1981; Kafuko and others, 1972; Rowe and others, 1968; 
Lau, Jones and Yeung, 1992; Leon and others, 1993). 

The most well-established sex difference in immune 
function is higher levels of the class of antibodies 
designated lgM in females than in males. The sex 
difference in IgM levels is not observed in early infancy 
but begins in the second half of infancy or the second 
year (figure 8). The magnitude of the sex difference is 
small compared to the substantial variation within each 
sex, and it is uncertain whether that modest difference in 
lgM levels has significant effects on resistance to 
infection (Berg and Johansson, 1969; Lau, Jones and 
Yeung, 1992; Rowe and others, 1968; Wiedermann and 
Wiedennannova, 1981 ). It seems very likely that the sex 
difference in lgM levels is due to inherent biological 
causes since it has been very consistently observed in 
many different populations and there does not appear to 
be a plausible environmental explanation. However, 
the biological mechanisms are unclear at present. 

Earlier research had suggested that the X chromosome 
has one or more genes that increase lgM production, and 
those genes would be active on both X chromosomes in 
females but only on the single X chromosome in males, 
resulting in higher IgM levels for females (Waldron, 
1983). However, that hypothesis is not supported by 
current genetic evidence (Conley, 1994; McGue and 
others, 1990).8 

Another possible cause oflower levels oflgM among 
males are inhibitory effects of testosterone on immune 
function (Schuurs and Verheul, 1990). However, 
discrepancies between the age patterns of testosterone 
production and sex differences in IgM levels argue 
against that hypothesis. Males have relatively high 
levels of testosterone during foetal development and the 
first few months after birth, but there does not appear to 
be a significant sex difference in lgM levels during that 
period (figure 8; Butterworth, McClellan and Allan
smith, 1967; Corbier, Edwards and Roffi, 1992; Lau, 
Jones and Yeung, 1992; Meites, 1989; Winter and 
others, 1976; Winter, Faiman and Reyes, 1981). In 
contrast, males have lower levels of lgM than females 
beginning in the second half of infancy or the second 



Several processes appear to contribute to those very 
high sex ratios at birth, although there is considerable 
controversy concerning their relative importance. In 
both China and the Republic of Korea, it appears that 
prenatal sex screening (using ultrasound, amniocentesis 
etc.) and sex-selective abortion have contributed to 
higher sex ratios at birth (Bae, n.d.; Coale and Bannis
ter, 1994; Lee and Choe, n.d.; Yi and others, 1993). In 
addition, evidence for China indicates that some female 
births are not registered, so that the reported sex ratio at 
birth is greater than the actual one (Wen, 1993; Yi and 
others, 1993). Female babies may be raised by their 
birth families without being registered, may be regis
tered later as "in-migrants", or may be given up for 
adoption, abandoned or killed (Coale and Bannister, 
1994; Hull and Xingyan, 1993; Johansson and Nygren, 
1991; Yi and others, 1993). Although the relative 
importance of the various contributing factors is contro
versial, there is general agreement that the high and 
rising sex ratios at birth in China and the Republic of 
Korea reflect social processes and not natural biological 
processes. 

In summary, sex ratios of live births have generally 
ranged between 103 anQ 107. Several factors appear to 
contribute to relatively high sex ratios of live births, 
including ethnicity, reduced late foetal mortality (partic
ularly for males) and reduced fertility. Recent increases 
of sex ratios at birth in China and the Republic of Korea 
appear to be due to additional processes, including sex
selective abortion and, in China, underreporting of 
female births. 

2. Correlates of sex ratios at birth 

The relations between many different factors and sex 
ratios at birth, primarily in developed countries, have 
been studied intensively. Many of the observed relations 
are of small magnitude or appear inconsistent in differ
ent studies (Bromwich, 1989; Chahnazarian, 1988; 
James, 1987a). The present section discusses several 
general hypotheses concerning factors influencing sex 
ratios at birth. 

One hypothesis is that the developing male foetus 
may be more vulnerable than the female foetus to 
physiological stresses, such that various physiological 
stressors decrease the sex ratio of live births (Bromwich, 
1989). There is some support for that hypothesis but the 
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findings are inconsistent, which suggests that stressors 
do not always reduce the sex ratio of live births. Evi
dence that physiological stressors may reduce the 
proportion of male births includes the findings that 
maternal cigarette smoking, excessive use of alcohol and 
use of amphetamines, opiates and other street drugs 
are each associated with lower sex ratios at birth 
(Bromwich, 1989; James, 1987a; Martin, 1985). In 
addition, poor maternal nutrition appears to retard foetal 
growth more for males than for females, and chronic 
malnutrition may decrease the sex ratio of live births 
(Mora and others, 1981; Williams and Gloster, 1992). 
However, evidence concerning that last link is inconsis
tent. Although analyses of recent trends in international 
data suggest an effect of malnutrition on the sex ratio at 
birth, earlier studies did not find evidence for that effect, 
perhaps due to shorter durations of maternal malnutri
tion (James, 1987a; Williams and Gloster, 1992). 

Limited evidence suggests that the relations between 
maternal disease and sex ratios at birth may vary 
for different types of diseases (Bromwich, 1989; Chah
nazarian, Blumberg and London, 1988; James, 1987a; 
McGregor and Leff, 1990). Those varied associations 
appear to reflect a variety of effects, including effects of 
the sex of a foetus on maternal risk of disease, effects of 
maternal disease on foetal mor-tality, and possibly the 
effects of disease on the sex ratio at conception. The 
physiological effects of a male foetus may increase the 
risk for certain pregnancy-related conditions, such as 
pre-eclampsia and eclampsia (Adinolfi, Polani and 
Crolla, 1985; Lopez-Llera, 1990). Certain types of 
infection (e.g., genital herpes) may alter reproductive 
tract physiology in ways that may decrease the propor
tion of males conceived or surviving to a live birth 
(McGregor and Leff, 1990). However, contrary to the 
hypothesis of selective male vulnerability, some types of 
infectious diseases may increase the proportion of male 
births. For example, one study found evidence that the 
sex ratio at birth was higher for mothers that had been 
exposed to measles at about the time of conception 
(Langaney and Pison, 1979), although a subrequent 
study failed to confinn that association (Robert-Lamblin 
and others, 1983). The sex ratio at birth appears to be 
higher if either parent is chronically infected with 
hepatitis B (Chahnazarian and others, 1988). The 
relations between paternal hepatitis infection status and 
sex ratio at birth suggest possible effects at the time of 
conception, not just differential survival in utero. There 



of the environmental factors that may contribute to those 
differences. Discussion of possible biological causes 
of sex differences in infectious disease mortality is 
pos1p0ned to subsection 2, which summarizes evidence 
concerning sex differences in the immune system. 

1. Sex differences for different types of 
infectious disease 

One major category of infectious disease mortality 
in developing countries is intestinal infections or diar
rhoeal diseases. Sex differences in mortality due to 
intestinal infections vary in different countries and age 
groups (tables 21-23 and 25; Bhatia, 1989; Gomez, 
1993; Waldron, 1987). In infancy, mortality due to 
intestinal infections is usually higher for males than for 
females. In contrast, for young children, mortality due 
to intestinal infections is often higher for females than 
for males. Morbidity due to diarrhoeal diseases shows 
a different pattern of sex differences than mortality. 
Males and females tend to have similar rates of diar
rlloeal disease morbidity, or males tend to have slightly 
higher rates, beginning at about six months of age 
(Arnold, 1992; Diame, N'diaye and Airey, 1990; 
Fauveau, Koenig and Wojtyniak, 1991; Kirkwood, 
1991; Mock and others, 1993; El Samani, Willett and 
Ware, 1989). One possible reason that males may have 
higher rates of intestinal infections may be that as infants 
become mobile, males may be allowed greater freedom 
of movement than females, and consequently males may 
be exposed more to infection (Daime, N'diaye and 
Airey, 1990). Thus, girls generally do not have higher 
morbidity for intestinal infections but in some develop
ing countries they do have higher mortality from those 
causes. That contrast suggests that, in some countries, 
an intestinal infection is more likely to be fatal for girls 
than for boys. That is confirmed by evidence from 
Matlab, Bangladesh, where it appears that there is little 
sex difference in morbidity for diarrhoeal diseases, but 
girls have higher case-fatality rates (Fauveau, Koenig 
and Wojtyniak, 1991). It appears that higher female 
case-fatality rates may be due in large part to a sex 
difference in curative medical care that favours boys. A 
similar sex difference in medical and home treatment 
for diarrhoea has been observed in a few other countries, 
although not in most countries studied (Arnold, 1992; 
McDivitt, Hornik and Carr, 1994; chapter VII below). 

Another major category of infectious disease mortality 
in developing countries is lower respiratory infections, 
particularly pneumonia. In infancy, males usually have 
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higher mortality due to pneumonia or respiratory infec
tions; in contrast, sex differences in mortality in early 
childhood due to pneumonia or respiratory infections are 
variable, and in many populations, girls have as high or 
higher mortality than boys (tables 21-23 and 25; Bhatia, 
1989; Gomez, 1993; Waldron, 1987). It appears that 
sex differences in the prevalence and treatment of 
respiratory infections are small and generally not signifi
cant, based on data for infants and young children 
combined for various African and Latin American 
countries (Arnold, 1992; chapter VII below). 

In many developing countries, one major cause of 
neonatal mortality is neonatal tetanus resulting from 
infection through the cut umbilical cord or infection 
occurring during circumcision (Bhatia, 1989; Stanfield 
and Galazka, 1984). Males have higher mortality for 
neonatal tetanus than females in most regions studied, 
although no sex difference or slightly higher female 
mortality has been observed in a few cases (Alemu, 
1993; Bhatia, 1989; Leroy and Garenne, 1989; Stanfield 
and Galazka, 1984). It is unclear whether sex differ
ences in exposure make any significant contribution to 
sex differences in neonatal tetanus (Leroy and Garenne, 
1989; Stanfield and Galazka, 1984). 

In some developing countries, mortality due to human 
immunodeficiency virus (HIV) infection has become an 
increasingly important cause of infant and child mortal
ity (Mulder and others, 1994; Ryder and others, 1989). 
No information on sex differences is available in most 
studies of HIV transmission from mother to child or 
studies of mortality risk for HIV-infected infants and 
children. Limited data suggest that males and females 
may have similar risks of vertical transmission of HIV 
(Mulder and others, 1994). 

Measles is a major cause of child mortality in the 
developing world, resulting in deaths that are directly 
attributed to measles and additional deaths due to 
subsequent increased risk of infectious diseases, such as 
pneumoniaanddiarrhoealdiseases (Aaby, 1993; Bhatia, 
1989; Bhuiya and others, 1987; Fargues and Nassour, 
1988; Garenne, 1994; Narain and others, 1989). 
Measles infections suppress the immune system, which 
contributes to the increased risk of pneumonia and other 
infectious diseases during and after measles infections 
(Greenwood and Whittle, 1981; Leon and others, 1993). 

Sex differences in measles mortality show a different 
pattern than most infectious diseases, with a general 



be lower for births to mothers that smoke, births to black 
fathers and older fathers, higher order births and births 
following induced ovulation. It is unknown to what 
extent the factors that influence sex ratios at birth act 
through effects on sex ratios at conception or effects on 
sex differences in mortality before birth. 

C. SEX DIFFERENCES IN RISK OF DEATH 
PRIOR TO BIRTH 

It would be of considerable interest to determine sex 
differences in mortality throughout the period from 
conception to birth. Unfortunately, that is not possible 
because of serious methodological problems. In many 
cases, death of the conceptus occurs very early, even 
before the woman or her physician recognize that she is 
pregnant. For example, one very good study of healthy 
women used sensitive hormonal assays that could detect 
a pregnancy as early as a week after fertilization of an 
egg and found that 22 per cent of detected pregnancies 
ended before the pregnancy was clinically recognized; an 
additional 9 per cent of pregnancies ended in spontane
ous abortion after the pregnancy was clinically recog
nized and before 28 weeks of gestational age (Wilcox 
and others, 1988). 'Other studies have also found 
evidence of high rates of loss before pregnancies have 
been clinically recognized, followed by spontaneous 
abortion rates of about 10 per cent for clinically recog
nized pregnancies (Simpson and Carson, 1993; Wilcox 
and others, 1988; World Health Organization, 1984). 
Thus, current evidence indicates that more than two 
thirds of prenatal mortality occurs before pregnancies are 
clinically recognized. The sex ratio for those very early 
deaths is tmknown, because in those cases the conceptus 
is almost never available for sex identification. 

1. Spontaneous abortions 

Studies of sex differences in the risk of spontaneous 
abortion have investigated embryonic and foetal mortal
ity from the time that the pregnancy is clinically recog
nized (typically about 6 weeks of gestational age) to 27 
weeks of gestational age. Those studies have encoun
tered substantial methodological problems. Anatomical 
identification of sex is impossible in the early stages of 
development and very difficult throughout the first 
trimester (Byrne and Warburton, 1987). Analysis of 
chromosomal make-up can identify sex, but many 
findings have been distorted by problems, such as con
tamination of samples witht11llternal tissue or a tendency 
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for sex chromatin analyses of spontaneous abortions to 
overestimate the proportion of males (Hassold, Quillen 
and Yamane, 1983; Waldron, 1983). 

It is also important to recognize that a substantial 
portion of early spontaneous abortions involve concep
tuses that are not normal males or females (i.e., not XY 
or XX). For example, current evidence indicates that 
approximately 5-10 per cent of spontaneous abortions 
are monosomy X (i. e., have a single X chromosome in 
each cell), about the same proportion are triploid (i.e., 
have three sets of chromosomes, including three sex 
chromosomes, either XXX or XXY), and approximately 
1-5 per cent are tetraploid (Eiben and others, 1990; 
Neel, 1990; Simpson and Carson, 1993). Taken to
gether, those chromosomal abnormalities have been 
observed in approximately 15-25 per cent of spontane
ous abortions, compared to less than 2 per cent of a 
representative sample of embryos and less than 0.02 per 
cent oflive births (Eiben and others, 1990; Neel, 1990; 
Simpson and Carson, 1993; Zhou and others, 1989). 
Thus, embryos with those types of sex chromosome 
abnormalities have a high risk of spontaneous abortion 
and they constitute a substantial fraction of all spontane
ous abortions. The proportion of embryos which are 
neither XX nor XY is particularly high for spontaneous 
abortions at younger gestational ages. 

Studies of sex differences in spontaneous abortion risk 
continue to yield conflicting results, even in those with 
very good methodology and chromosomally normal 
samples. For example, two such studies of chromosom
ally nonnal spontaneous abortions found sex ratios of 72 
and 124 to 145, respectively (Eiben and others, 1990; 
Hassold, Quilllen and Yamane, 1983). Another excel
lent study found a sex ratio of 123 for chromosomally 
and anatomically normal spontaneous abortions (Byrne 
and Warburton, 1987). As sample sizes in those studies 
ranged from 350 to 1,000, chance fluctuation could 
account for some but probably not all of the differences 
in results. Another possible reason for the lower sex 
ratio in the first study might be the younger gestational 
age of the sample (primarily 8-13 weeks, compared with 
primarily 9-20 and 12-24 weeks in the other studies). 
However, that interpretation is not supported by analy
ses of the relations between sex ratio and gestational age 
within samples (Eiben and others, 1990; Byrne and 
Warburton, 1987). 

In all of the three studies mentioned above, many of 
the spontaneous abortions had at least some chromo-



and it is probable that biological causes are primarily 
responsible for that consistent male excess. It appears 
that male infants have higher risk of mortality from 
perinatal conditions in part because males are more 
likely to be born at younger gestational ages, and for a 
given gestational age their lungs are less mature because 
of the effects of male honnones. As discussed in section 
E below on infectious diseases, higher male mortality for 
neonatal tetanus and other perinatal infections may be 
due to inherent sex differences in immune function, 
although the relevant sex differences in immune function 
have not yet been identified. Thus, current research 
suggests several potentially important biological causes 
of higher male mortality due to perinatal conditions. 
Additional causes remain to be identified in future 
research. 

0. CONGENITAL ANOMALIES 

Mortality due to congenital anomalies or congenital 
malformations has been higher for male infants than 
for female infants in almost all countries studied (table 
21; Waldron, 1987). However, that difference makes 
only a modest contribution to higher infant mortality 
among males . Sex differences in congenital anomalies 
because of mortality vary, depending upon the type of 
congenital anomaly and the population considered. For 
example, males have higher infant mortality due to 
congenital anomalies of the heart and circulation, 
whereas females generally have higher infant mortality 
due to congenital anomalies of the central nervous 
system, such as spina bifida (table 21; Xiao and others, 
1990). That pattern is observed in representative 
developed countries (table 24). The data for developed 
countries also show that for certain categories of congen
ital anomalies, a sex difference in mortality that is 
present in one population may be absent or even re
versed in another population. 

Sex differences in congenital anomalies of the central 
nervous system have been studied extensively, and that 
research has revealed unexpected specificity and com
plexity in the patterns and causes of sex differences in 
that category of congenital anomalies. Sex differences 
vary for different types of congenital anomalies of the 
central nervous system (Van Allen and others, 1993; 
Xiao and others, 1990). For example, females generally 
have higher rates than males for anencephaly (partial or 
complete absence of the cerebrum) and for spina bifida 
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in both developing and developed countries (Elwood and 
Little, 1992; Xiao and others, 1990). Within the 
category of spina bifida, females generally have higher 
risk for defects in the upper and middle spinal cord, but 
males generally have higher risk for defects restricted to 
the lower spinal cord. Evidence on that question is 
restricted to developed countries (Elwood and Little, 
1992; Park and others, 1992; Seller, 1987). 

The following hypothesis may explain why females 
have higher risk of anencephaly and spina bifida of the 
upper and middle spinal cord. The basic structure of the 
brain and upper part of the spinal cord begins to develop 
at a very early stage of embryonic development, some
what before the lower spinal cord; cell division appears 
to be slower in females than in males in the very early 
stages of embryonic development, and some female 
embryos may have insufficient cells for the earliest 
stages of nervous system development to proceed 
correctly; that may explain why females may be more 
vulnerable to developmental errors in the formation 
of the brain and upper spinal cord (Hall, 1986; Pilgrim 
and Hutchison, 1994; Seller, 1987; Yadav, King and 
Betteridge, 1993). Multiple additional inherent sex 
differences in development are believed to contribute 
to sex differences in the risk of spina bifida, as well 
as other congenital anomalies of the central nervous 
system (Elwood and Little, 1992; Van Allen and others, 
1993). 

It appears that environmental factors may also influ
ence sex differences in congenital anomalies of the 
central nervous system. For example, some data suggest 
that where anencephaly rates are higher, the proportion 
of female cases tends to be higher, apparently because 
environmental factors increase anencephaly rates more 
for females than for males (Elwood and Little, 1992; 
Van Allen and others, 1993). 

In summary, sex differences in mortality due to con
genital anomalies of the central nervous system vary, 
depending upon the specific congenital anomaly consid
ered. It appears that multiple specific sex differences in 
development contribute to those variable sex differences 
in congenital anomalies of the central nervous system. 
Unfortunately, very little evidence is available concern
ing the causes of sex differences in the major categories 
of congenital anomalies with higher male mortality, but 
it seems likely that they too are caused by multiple sex 
differences in development. 



that improved medical care and maternal health have 
been particularly effective in reducing the specific 
categories of late foetal mortality that were responsible 
for males' higher risk, and that factor has been a major 
cause of the decrease in sex differences (Waldron, 
1983). Specifically, <:}ata for England and Scotland for 
an early period around 1940 and for more recent decades 
indicate that males have had higher rates of late foetal 
mortality due to difficult labour and birth injuries, and 
also to diseases and accidents of the mother (McKeown 
and Lowe, 1951; United Kingdom, Registrar General, 
1976; United States Department of Health, Education 
and Welfare, 1966). Females have had higher late foetal 
mortality due to congenital malformations, in particular 
congenital malformations of the central nervous system. 
As obstetric care and maternal health have improved, the 
proportion of late foetal deaths due to difficult labour, 
birth injuries and diseases and accidents of the mother 
has been substantially reduced, while the proportion due 
to congenital malformations has increased. As the 
importance of the categories with a male excess has 
declined, the male excess for total late foetal mortality 
has declined and disappeared in many developed coun
tries. Those observations illustrate how environmental 
factors, such as changes in medical technology, can 
influence sex differences in mortality risk, even prior to 
birth. 

D. SEX RATIO AT CONCEPTION 

The sex ratio at conception cannot be measured 
directly, at least not in humans at the present time. 
Several authors have attempted to estimate it indirectly 
from observed sex differences in live births, late foetal 
deaths and spontaneous abortions. Most authors have 
concluded that more males than females are conceived, 
since there are more male than female live births; males 
have as many or more late foetal deaths than females; 
and it appears that the risk of spontaneous abortions 
may also be higher for males than for females from 
about the third month of gestational age. Estimates of 
sex ratios at conception range as high as 170 but are 
generally lower, e.g., 115 based on more recent, method
ologically superior data (Chahnazarian, 1988; Hassold, 
Quillen and Yamane, 1983). Other researchers have 
also argued that the sex ratio at conception is substan
tially greater than 100, based on evidence that there are 
more male than female embryos by the end of the second 
month of gestational age (Lee and Takano, 1970). 
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However, all those estimates must be considered 
highly speculative since no information is available 
concerning sex differences in mortality risk during the 
period of high mortality rates in the first few weeks after 
conception. Since the causes of death vary for different 
developmental stages, it is possible that females have 
higher mortality risk during the very early stages of 
development, even though males have higher mortality 
risk during later stages of development. For example, 
Gartler (1990) suggests that females may be at risk 
during early development due to problems related to 
inactivation of one X chromosome in each cell, a process 
that occurs only in females. At an even earlier stage of 
development, researchers have studied cell divisions 
during the first few days after an egg has been fertilized; 
in both cows and mice, those early cell divisions occur 
more rapidly in males than females, and limited evidence 
suggests the possibility of greater female vulnerability at 
that very early stage of development (Burgoyne, 1993; 
Y adav, King and Betteridge, 1993). Although those last 
observations are based on data for other mammals, they 
may be relevant for humans also (Burgoyne, 1993). 

In summary, sex differences in mortality risk during 
early development are currently unknown. Conse
quently, it is impossible to extrapolate from data on live 
births, late foetal mortality and recognized spontaneous 
abortions to estimates of sex ratios at conception. 

An alternative approach to estimating the sex ratio at 
conception has been to measure the relative numbers of 
X-bearing and Y-bearing sperm, which are responsible 
for the conception of females and males, respectively. 
Recent studies using excellent methods to identify X and 
Y chromosomes in large samples of sperm have found 
equal numbers ofX- and Y-bearing sperm (Goldman 
and others, 1993; Han and others, 1993a and 1993b; 
Lobel, Pomponio and Mutter, 1993; Williams and 
others, 1993). Of course, it is possible that X- or Y
bearing sperm are favoured by the particular conditions 
encountered in the female reproductive tract or in the 
process of fertilization, so the sex ratio at conception 
may differ from the sex ratio of sperm. However, it is of 
interest that the sex ratio at birth following in vitro 
fertilization appears to be about the same as the sex 
ratio at birth following natural insemination (Friedler, 
Mashiach and Laufer, 1992). Also, there does not 
appear to be maternal immunological selection against 
Y-or X-bearing sperm (Adinolfi and others, 1985). In 
addition, equal numbers o( X- and Y-bearing sperm 
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TABLE 23. SEX DIFFERENTIALS IN INFANT MORTALITY, BY AGE AND CAUSE OF DEATII, CUBA AND CmLEa 

Infectious and parasitic 
diseases .............. . 

Intestinal infectious 
diseases .............. . 

Meningitis ............. . 
Pneumonia ............. . 
Congential anomalies ..... . 

Spinal bifida and 
hydrocephalus ....... . 

Cong. anom. lleart 
and circulat. ......... . 

Perinatal conditionsb ..... . 
Birth trauma .......... . 
Hypoxia and birth 

asphyxia ............ . 
Sudden infant death 

syndrome ............. . 
Accidents< .............. . 

Neonatal 

0-6days 

Cuba, 1987-1989 Chile, 1987-1988 

Sex Sex Sex 
dijference ratio difference 

11.7 
26.4 

10.9 
184.2 

9.5 

149.3 

1.90 
1.25 

1.23 
1.49 
1.45 

1.57 

9.8 
19.9 

12.8 
143.3 

87.8 

Sex 
ratio 

1.52 
1.12 

1.34 
1.32 

1.46 

All causes . . . . . . . . . . . . . . . 226.3 1.45 182.1 1.28 

Total death rates 
(males and females) 622.2 751.5 

7-27 davs 

Cuba, 1987-1989 

Sex 
dijference 

5.3 

4.8 
18.8 

7.8 
15.0 

9.5 

55.1 

Sex 
ratio 

1.20 

1.16 
1.39 

1.29 
1.33 

1.45 

1.34 

191.5 

Chile, 1987-1988 

Sex Sex 
dijference ratio 

3.1 
8.2 

4.7 
10.0 

2.2 

0.4 

24.4 

1.11 
1.18 

1.21 
1.12 

1.10 

1.02 

1.13 

205.2 

Post-neonatal 

28-364 days 

Cuba, 1987-1988 Chile, 1987-1989 

Sex 
difference 

16.5 

16.2 
0.3 

11.5 
15.9 

0.5 

3.4 

65.9 

Sex 
ratio 

1.21 

1.36 
1.01 
1.29 
1.14 

1.01 

1.10 

1.18 

398.7 

Sex Sex 
dijference ratio 

30.6 

13.7 
9.2 

44.9 
-9.3 

-12.1 

0.9 
10.0 

10.0 
51.6 

170.7 

1.33 

1.36 
1.42 
1.19 
0.94 

0.60 

1.01 
1.51 

924.1 

1.37 
1.33 

1.20 

Sources: World Health Organization, 1989-1992 World Health Statistics Annual (Geneva, 1989-1993). 
NoTE: A dash(-) indicates less than 100 deaths recorded for that cause of death category. 
'Deathratescalculated as deaths on days 0-6 per 100,000 live births, deaths on days 7-27 per 100,000 infants who lived to 7 days of age, and deaths on days 28-364 per 100,000 infants who lived to 28 days. 
bCertain conditions originating in the perinatal period. 
'For Cuba, accident mortality data were not available for 1987, so accident mortality rates are for 1988-1989. 



higher order births, for older fathers, for mothers who 
smoke and for blacks, but it is not known whether those 
variables influence the sex ratio at conception or sex 
differences in mortality before birth, or both. In conclu
sion, much remains to be learned concerning the basic 
processes that contribute to the birth of more males than 
females and the factors that contribute to variation in sex 
ratios at birth. 

NOTE 

1 An autosomal trisomy, with a third copy of one of the autosomal or 
non-sex chromosomes, is a very common type of chromosomal abnormal
ity in samples of spontaneous abortions. 
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The' Y chromosome is much smaller than the X 
chromosome but it contains several unique genes, 
including the SRY gene, which plays a crucial role in the 
development of the testes, apparently by activating a 
cascade of genes that direct the gonads of males to 
develop into testes instead of ovaries (Moore and 
Grumbach, 1992). The SRY and other genes on the Y 
chromosome may influence aspects of development, 
possibly including the rate of cell division in early 
development (Pilgrim and Hutchinson, 1994); as 
discussed in a subsequent section, those effects may 
contribute to sex differences in mortality for specific 
causes of death. 

In a male foetus, the testes secrete testosterone and 
other hormones, and those hormones control the devel
opment of male reproductive anatomy (Moore and 
Grumbach, 1992; Winter, Faiman and Reyes, 1981). It 
appears that male hormones also influence the develop
ment of other parts of the body, including the lungs, 
brain and immune system. Accordingly, the effects of 
male hormones may contribute to sex differences in 
mortality due to respiratory distress, accidents and 
infectious diseases. That topic is elaborated on below. 

The gonads of males begin to develop into testes 
during the second month of prenatal development, and 
males have higher levels of testosterone than females 
from about the third month. Peak testosterone levels in 
male foetuses occur in about the fifth month of prenatal 
development (Winter, Faiman and Reyes, 1981). After 
birth, males generally have higher testosterone levels 
than females during the first few postnatal months 
(Corbier, Edwards and Rofli, 1992; Forest, de Peretti 
and Bertrand, 1977; Winter and others, 1976; Winter, 
Faiman and Reyes, 1981). However, beginning about 
the sixth month postnatal and throughout early child
hood, testosterone levels are very low and similar in 
males and females (Forest, de Peretti and Bertrand, 
1977; Meites, 1989; Winter and others, 1976; Winter, 
Faiman and Reyes, 1981).4 

Jn summary, multiple X-linked and Y-linked genes 
appear to have a wide variety of effects on sex differ
ences in mortality. Because males have only one X 
chromosome they are more vulnerable to X-linked 
recessive diseases, but those are not common causes of 
death. In males, the testes produce testosterone during 
prenatal development and the first few months after 
birth, and higher testosterone levels among males may 
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have several adverse effects on survival during infancy 
and childhood. 

C. PERINATAL CONDITIONS 

The term "perinatal conditions" is the short name for 
the cause-of-death category designated "certain condi
tions originating in the perinatal period", which includes 
conditions arising during pregnancy and labour and 
conditions specific to the newborn. Perinatal conditions 
include birth trauma, intrauterine hypoxia and birth 
asphyxia (insufficient oxygen before or during birth), 
prematurity, respiratory distress syndrome and neonatal 
tetanus. 

Males have had higher mortality than females for 
perinatal conditions in almost all countries or regions 
studied (tables 21 and 22; Waldron, 1987). Excess 
male mortality for perinatal conditions makes a major 
contribution to sex differences in neonatal mortality. 
Data available for Cuba and Chile indicate that over two 
thirds of the sex difference in neonatal mortality is due 
to higher mortality for perinatal conditions among males 
(table 23). 

Available evidence indicates that in general, males 
have higher mortality than females for each major type 
of perinatal conditions. For example, limited data for 
developing countries indicate that males have higher 
mortality for hypoxia and birth asphyxia, birth trauma, 
prematurity and neonatal tetanus (tables 22 and 23; 
Alemu, 1993; Bhatia, 1989; Leroy and Garenne, 1989). 
More complete data for developed countries provide 
further evidence that males have higher mortality than 
females for each major category of perinatal conditions 
(table 24; Khoury and others, 1985). Because that sex 
difference is so consistent and because no plausible 
environmental cause has been identified, it is probable 
that inherent biological sex differences represent the 
main underlying cause. 

Recent research has identified a few specific biological 
pathways. One factor appears to be that the lungs of 
male foetuses mature more slowly than the lungs of 
female foetuses. It appears that testosterone and other 
hormones produced by male foetuses delay the matura
tion of the lungs; in particular, there is delayed develop
ment of the lungs secretion of surfactant, a substance 
that is necessary for normal lung function (Catlin and 



III. SEX DIFFERENCES IN INFANT AND EARLY CHILDHOOD MORTALITY: 
MAJOR CAUSES OF DEATH AND POSSIBLE BIOLOGICAL CAUSES 

Ingrid Waldron* 

Sex differences in mortality vary by age, even in the 
relatively narrow age range of 0-4 years. For infants, 
males have higher mortality than females in almost all 
countries or regions studied (Waldron, 1987; Makinson, 
1994; Tabutin and Willems, 1993). The male disadvan
tage is particularly consistent for the neonatal period 
(first month after birth), during which higher male 
mortality is nearly universal. In contrast, during the 
post-neonatal period of infancy (from the second 
through the eleventh month after birth) sex differences 
are more variable, and in some developing countries 
females have higher mortality than males (Arnold, 1992; 
Bhatia, 1989; Fargues and Nassour, 1988; Tabutin and 
Willems, 1993). For young children (ages 1-4), sex 
differences in mortality are very variable; boys have 
higher mortality than girls in all developed countries and 
many developing countries, but in many other develop
ing countries the reverse is true or there is very little sex 
difference in mortality (Waldron, 1987; Makinson, 
1994; Tabutin and Willems, 1993; and chapter IV 
below). Thus, in developing countries the pattern of sex 
differences in mortality shifts from a consistent male 
excess in the neonatal period to variable sex differences 
in early childhood. 

One reason that the pattern of sex differences in 
mortality differs between infancy and childhood is that 
the major causes of death differ for those two age 
groups (Waldron, 1987). For example, perinatal condi
tions make a major contribution to infant mortality, and 
consistently higher mortality for perinatal conditions 
among males is a major cause of their higher infant 
mortality. Infectious diseases make a major contribution 
to early childhood mortality in developing countries, and 
variable sex differences in infectious disease mortality 
are a major cause of variable sex differences in total 
mortality in early childhood. 

Sex differences in infant and early childhood mortal
ity are influenced by both environmental and biological 
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factors (Makimmn, 1994; Waldron, 1983 and 1987). 
For example, where girls have higher mortality than 
boys, one important cause appears to be sex discrimina
tion resulting in less adequate nutrition and health care 
for females. In contrast, higher infant mortality among 
males appears to be due primarily to inherent biological 
disadvantages. Some authors have generalized the 
concept of an inherent biological disadvantage for males 
to apply to all age ranges and almost all causes of death. 
The evidence reviewed in the present chapter indicates 
that rather than a general biological disadvantage for 
males, there are multiple sex differences in biology, 
some of which increase mortality for males, while others 
increase mortality for females. The relative importance 
of specific sex differences in biology varies for different 
causes of death, different age groups and different 
environmental conditions. 

Those issues are further investigated in the present 
chapter which summarizes recent evidence concerning 
two major questions. First, which causes of death 
contribute to sex differences in infant and early child 
mortality in developing countries? Second, what biolo
gical factors contribute to sex differences for each of the 
major causes of death? Biological factors are defined 
broadly to include: (a) direct genetic effects, such as X
linked diseases; (b) effects of sex hormones on anatomy, 
physiology and behaviour; and (c) physiological differ
ences between males and females, which may be due 
primarily to genetic and hormonal effects but may also 
be influenced by environmental factors. Environmental 
factors are mentioned only briefly in the present chapter 
since they are discussed extensively in subsequent 
chapters of the present volume. 

Section A of the present chapter provides brief com
ments concerning the validity of the cause of death data. 
Section B summarizes the basic sex differences in 
biology that are relevant for understanding sex differ
ences in infant and child mortality. Each of the subse
quent four sections discusses a major cause of death 
category that makes a significant contribution to sex 
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tion resulting in less adequate nutrition and health care 
for females. In contrast, higher infant mortality among 
males appears to be due primarily to inherent biological 
disadvantages. Some authors have generalized the 
concept of an inherent biological disadvantage for males 
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that rather than a general biological disadvantage for 
males, there are multiple sex differences in biology, 
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Those issues are further investigated in the present 
chapter which summarizes recent evidence concerning 
two major questions. First, which causes of death 
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Section B summarizes the basic sex differences in 
biology that are relevant for understanding sex differ
ences in infant and child mortality. Each of the subse
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The' Y chromosome is much smaller than the X 
chromosome but it contains several unique genes, 
including the SRY gene, which plays a crucial role in the 
development of the testes, apparently by activating a 
cascade of genes that direct the gonads of males to 
develop into testes instead of ovaries (Moore and 
Grumbach, 1992). The SRY and other genes on the Y 
chromosome may influence aspects of development, 
possibly including the rate of cell division in early 
development (Pilgrim and Hutchinson, 1994); as 
discussed in a subsequent section, those effects may 
contribute to sex differences in mortality for specific 
causes of death. 

In a male foetus, the testes secrete testosterone and 
other hormones, and those hormones control the devel
opment of male reproductive anatomy (Moore and 
Grumbach, 1992; Winter, Faiman and Reyes, 1981). It 
appears that male hormones also influence the develop
ment of other parts of the body, including the lungs, 
brain and immune system. Accordingly, the effects of 
male hormones may contribute to sex differences in 
mortality due to respiratory distress, accidents and 
infectious diseases. That topic is elaborated on below. 

The gonads of males begin to develop into testes 
during the second month of prenatal development, and 
males have higher levels of testosterone than females 
from about the third month. Peak testosterone levels in 
male foetuses occur in about the fifth month of prenatal 
development (Winter, Faiman and Reyes, 1981). After 
birth, males generally have higher testosterone levels 
than females during the first few postnatal months 
(Corbier, Edwards and Roffi, 1992; Forest, de Peretti 
and Bertrand, 1977; Winter and others, 1976; Winter, 
Faiman and Reyes, 1981). However, beginning about 
the sixth month postnatal and throughout early child
hood, testosterone levels are very low and similar in 
males and females (Forest, de Peretti and Bertrand, 
1977; Meites, 1989; Winter and others, 1976; Winter, 
Faiman and Reyes, 1981).4 

In summary, multiple X-linked and Y-linked genes 
appear to have a wide variety of effects on sex differ
ences in mortality. Because males have only one X 
chromosome they are more vulnerable to X-linked 
recessive diseases, but those are not common causes of 
death. In males, the testes produce testosterone during 
prenatal development and the first few months after 
birth, and higher testosterone levels among males may 
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have several adverse effects on survival during infancy 

and childhood. 

C. PERINATAL CONDITIONS 

The term "perinatal conditions" is the short name for 
the cause-of-death category designated "certain condi
tions originating in the perinatal period", which includes 
conditions arising during pregnancy and labour and 
conditions specific to the newborn. Perinatal conditions 
include birth trauma, intrauterine hypoxia and birth 
asphyxia (insufficient oxygen before or during birth), 
prematurity, respiratory distress syndrome and neonatal 
tetanus. 

Males have had higher mortality than females for 
perinatal conditions in almost all countries or regions 
studied (tables 21 and 22; Waldron, 1987). Excess 
male mortality for perinatal conditions makes a major 
contribution to sex differences in neonatal mortality. 
Data available for Cuba and Chile indicate that over two 
thirds of the sex difference in neonatal mortality is due 
to higher mortality for perinatal conditions among males 
(table 23). 

Available evidence indicates that in general, males 
have higher mortality than females for each major type 
of perinatal conditions. For example, limited data for 
developing countries indicate that males have higher 
mortality for hypoxia and birth asphyxia, birth trauma, 
prematurity and neonatal tetanus (tables 22 and 23; 
Alemu, 1993; Bhatia, 1989; Leroy and Garenne, 1989). 
More complete data for developed countries provide 
further evidence that males have higher mortality than 
females for each major category of perinatal conditions 
(table 24; Khoury and others, 1985). Because that sex 
difference is so consistent and because no plausible 
environmental cause has been identified, it is probable 
that inherent biological sex differences represent the 
main underlying cause. 

Recent research has identified a few specific biological 
pathways. One factor appears to be that the lungs of 
male foetuses mature more slowly than the lungs of 
female foetuses. It appears that testosterone and other 
hormones produced by male foetuses delay the matura
tion of the lungs; in particular, there is delayed develop
ment of the lungs secretion of surfactant, a substance 
that is necessary for normal lung function (Catlin and 



higher order births, for older fathers, for mothers who 
smoke and for blacks, but it is not known whether those 
variables influence the sex ratio at conception or sex 
differences in mortality before birth, or both. In conclu
sion, much remains to be learned concerning the basic 
processes that contribute to the birth of more males than 
females and the factors that contribute to variation in sex 
ratios at birth. 

NOTE 

1 An autosomal trisomy, with a third copy of one of the autosomal or 
non-sex chromosomes, is a very common type of chromosomal abnonnal
ity in samples of spontaneous abortions. 
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TABLE 23. SEX DIFFERENTIALS IN INFANT MORTALITY, BY AGE AND CAUSE OF DEATH, CUBA AND CmLE• 

Neonatal 

0-6days 7-27 davs 

Cuba, 1987-1989 Chile, 1987-1988 Cuba, 1987-1989 Chile, 1987-1988 

Infectious and parasitic 
diseases .............. . 

Intestinal infectious 
diseases .............. . 

Meningitis ............. . 
Pneumonia ............. . 
Congential anomalies ..... . 

Spinal bifida and 
hydrocephalus ....... . 

Cong. anom. heart 
and circulat. ......... . 

Perinatal conditionsb ..... . 
Birth trauma .......... . 
Hypoxia and birth 

asphyxia ............ . 
Sudden infant death 

syndrome ............. . 
Accidents< .............. . 

Sex Sex Sex 
difference ratio difference 

11.7 
26.4 

10.9 
184.2 

9.5 

149.3 

1.90 
1.25 

1.23 
1.49 
1.45 

1.57 

9.8 
19.9 

12.8 
143.3 

87.8 

Sex 
ratio 

1.52 
1.12 

1.34 
1.32 

1.46 

All causes . . . . . . . . . . . . . . . 226.3 1.45 182.l 1.28 

Total death rates 
(males and females) 622.2 751.5 

Sex 
difference 

5.3 

4.8 
18.8 

7.8 
15.0 

9.5 

55.l 

Sex 
ratio 

1.20 

1.16 
1.39 

1.29 
1.33 

1.45 

1.34 

191.5 

Sources: World Health Organization, 1989-1992 World Health Statistics Annual (Geneva, 1989-1993). 
NoTE: A dash(-) indicates less than l 00 deaths recorded for that cause of death category. 

Sex Sex 
difference ratio 

3.1 
8.2 

4.7 
10.0 

2.2 

0.4 

24.4 

1.11 
1.18 

1.21 
1.12 

1.10 

1.02 

1.13 

205.2 

Post-neonatal 

28-364 days 

Cuba, 1987-1988 Chile, 1987-1989 

Sex 
difference 

16.5 

16.2 
0.3 

11.5 
15.9 

0.5 

3.4 

65.9 

Sex 
ratio 

1.21 

1.36 
1.01 
1.29 
1.14 

1.01 

1.10 

1.18 

398.7 

Sex Sex 
difference ratio 

30.6 

13.7 
9.2 

44.9 
-9.3 

-12.l 

0.9 
10.0 

10.0 
51.6 

170.7 

1.33 

1.36 
1.42 
1.19 
0.94 

0.60 

924.1 

1.01 
1.51 

1.37 
1.33 

1.20 

'Deathratescalculated as deaths on days 0-6 per 100,000 live births, deaths on days 7-27 per 100,000 infants who lived to 7 days of age, and deaths on days 28-364 per 100,000 infants who lived to 28 days. 
•certain conditions originating in the perinatal period. 
'For Cuba, accident mortality data were not available for 1987, so accident mortality rates are for 1988-1989. 



that improved medical care and maternal health have 
been particularly effective in reducing the specific 
categories oflate foetal mortality that were responsible 
for males' higher risk, and that factor has been a major 
cause of the decrease in sex differences (Waldron, 
1983). Specifically, 9ata for England and Scotland for 
an early period around 1940 and for more recent decades 
indicate that males have had higher rates of late foetal 
mortality due to difficult labour and birth injuries, and 
also to diseases and accidents of the mother (McKeown 
and Lowe, 1951; United Kingdom, Registrar General, 
1976; United States Department of Health, Education 
and Welfare, 1966). Females have had higher late foetal 
mortality due to congenital malformations, in particular 
congenital malfonnations of the central nervous system. 
As obstetric care and maternal health have improved, the 
proportion of late foetal deaths due to difficult labour, 
birth injuries and diseases and accidents of the mother 
has been substantially reduced, while the proportion· due 
to congenital malfonnations has increased. As the 
importance of the categories with a male excess has 
declined, the male excess for total late foetal mortality 
has declined and disappeared in many developed coun
tries. Those observations illustrate how environmental 
factors, such as changes in medical technology, can 
influence sex differences in mortality risk, even prior to 
birth. 

D. SEX RATIO AT CONCEPTION 

The sex ratio at conception cannot be measured 
directly, at least not in humans at the present time. 
Several authors have attempted to estimate it indirectly 
from observed sex differences in live births, late foetal 
deaths and spontaneous abortions. Most authors have 
concluded that more males than females are conceived, 
since there are more male than female live births; males 
have as many or more late foetal deaths than females; 
and it appears that the risk of spontaneous abortions 
may also be higher for males than for females from 
about the third month of gestational age. Estimates of 
sex ratios at conception range as high as 170 but are 
generally lower, e.g., 115 based on more recent, method
ologically superior data (Chahnazarian, 1988; Hassold, 
Quillen and Yamane, 1983). Other researchers have 
also argued that the sex ratio at conception is substan
tially greater than 100, based on evidence that there are 
more male than female embryos by the end of the second 
month of gestational age (Lee and Takano, 1970). 
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However, all those estimates must be considered 
highly speculative since no information is available 
concerning sex differences in mortality risk during the 
period of high mortality rates in the first few weeks after 
conception. Since the causes of death vary for different 
developmental stages, it is possible that females have 
higher mortality risk during the very early stages of 
development, even though males have higher mortality 
risk during later stages of development. For example, 
Gartler (1990) suggests that females may be at risk 
during early development due to problems related to 
inactivation of one X chromosome in each cell, a process 
that occurs only in females. At an even earlier stage of 
development, researchers have studied cell divisions 
during the first few days after an egg has been fertilized; 
in both cows and mice, those early cell divisions occur 
more rapidly in males than females, and limited evidence 
suggests the possibility of greater female vulnerability at 
that very early stage of development (Burgoyne, 1993; 
Yadav, King and Betteridge, 1993). Although those last 
observations are based on data for other mammals, they 
may be relevant for humans also (Burgoyne, 1993). 

In summary, sex differences in mortality risk during 
early development are currently unknown. Conse
quently, it is impossible to extrapolate from data on live 
births, late foetal mortality and recognized spontaneous 
abortions to estimates of sex ratios at conception. 

An alternative approach to estimating the sex ratio at 
conception has been to measure the relative numbers of 
X-bearing and Y-bearing spenn, which are responsible 
for the conception of females and males, respectively. 
Recent studies using excellent methods to identify X and 
Y chromosomes in large samples of spenn have found 
equal numbers of X- and Y-bearing spenn (Goldman 
and others, 1993; Han and others, 1993a and 1993b; 
Lobel, Pomponio and Mutter, 1993; Williams and 
others, 1993). Of course, it is possible that X- or Y
bearing spenn are favoured by the particular conditions 
encountered in the female reproductive tract or in the 
process of fertilization, so the sex ratio at conception 
may differ from the sex ratio of spenn. However, it is of 
interest that the sex ratio at birth following in vitro 
fertilization appears to be about the same as the sex 
ratio at birth following natural insemination (Friedler, 
Mashiach and Laufer, 1992). Also, there does not 
appear to be maternal immunological selection against 
Y-or X-bearing spenn (Adinolfi and others, 1985). In 
addition, equal numbers o~ X- and Y-bearing spenn 



and it is probable that biological causes are primarily 
responsible for that consistent male excess. It appears 
that male infants have higher risk of mortality from 
perinatal conditions in part because males are more 
likely to be born at younger gestational ages, and for a 
given gestational age their lungs are less mature because 
of the effects of male hmm.ones. As discussed in section 
E below on infectious diseases, higher male mortality for 
neonatal tetanus and other perinatal infections may be 
due to inherent sex differences in immune function, 
although the relevant sex differences in immune function 
have not yet been identified. Thus, current research 
suggests several potentially important biological causes 
of higher male mortality due to perinatal conditions. 
Additional causes remain to be identified in future 
research. 

D. CONGENITAL ANOMALIBS 

Mortality due to congenital anomalies or congenital 
malformations has been higher for male infants than 
for female infants in almost all countries studied (table 
21; Waldron, 1987). However, that difference makes 
only a modest contribution to higher infant mortality 
among males . Sex differences in congenital anomalies 
because of mortality vary, depending upon the type of 
congenital anomaly and the population considered. For 
example, males have higher infant mortality due to 
congenital anomalies of the heart and circulation, 
whereas females generally have higher infant mortality 
due to congenital anomalies of the central nervous 
system, such as spina bifida (table 21; Xiao and others, 
1990). That pattern is observed in representative 
developed countries (table 24). The data for developed 
countries also show that for certain categories of congen
ital anomalies, a sex difference in mortality that is 
present in one population may be absent or even re
versed in another population. 

Sex differences in congenital anomalies of the central 
nervous system have been studied extensively, and that 
research has revealed unexpected specificity and com
plexity in the patterns and causes of sex differences in 
that category of congenital anomalies. Sex differences 
vary for different types of congenital anomalies of the 
central nervous system (Van Allen and others, 1993; 
Xiao and others, 1990). For example, females generally 
have higher rates than males for anencephaly (partial or 
complete absence of the cerebrum) and for spina bifida 
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in both developing and developed countries (Elwood and 
Little, 1992; Xiao and others, 1990). Within the 
category of spina bifida, females generally have higher 
risk for defects in the upper and middle spinal cord, but 
males generally have higher risk for defects restricted to 
the lower spinal cord. Evidence on that question is 
restricted to developed countries (Elwood and Little, 
1992; Park and others, 1992; Seller, 1987). 

The following hypothesis may explain why females 
have higher risk of anencephaly and spina bifida of the 
upper and middle spinal cord. The basic structure of the 
brain and upper part of the spinal cord begins to develop 
at a very early stage of embryonic development, some
what before the lower spinal cord; cell division appears 
to be slower in females than in males in the very early 
stages of embryonic development, and some female 
embryos may have insufficient cells for the earliest 
stages of nervous system development to proceed 
correctly; that may explain why females may be more 
vulnerable to developmental errors in the formation 
of the brain and upper spinal cord (Hall, 1986; Pilgrim 
and Hutchison, 1994; Seller, 1987; Yadav, King and 
Betteridge, 1993). Multiple additional inherent sex 
differences in development are believed to contribute 
to sex differences in the risk of spina bifida, as well 
as other congenital anomalies of the central nervous 
system (Elwood and Little, 1992; Van Allen and others, 
1993). 

It appears that environmental factors may also influ
ence sex differences in congenital anomalies of the 
central nervous system. For example, some data suggest 
that where anencephaly rates are higher, the proportion 
of female cases tends to be higher, apparently because 
environmental factors increase anencephaly rates more 
for females than for males (Elwood and Little, 1992; 
Van Allen and others, 1993). 

In summary, sex differences in mortality due to con
genital anomalies of the central nervous system vary, 
depending upon the specific congenital anomaly consid
ered. It appears that multiple specific sex differences in 
development contribute to those variable sex differences 
in congenital anomalies of the central nervous system. 
Unfortunately, very little evidence is available concern
ing the causes of sex differences in the major categories 
of congenital anomalies with higher male mortality, but 
it seems likely that they too are caused by multiple sex 
differences in development. 



be lower for births to mothers that smoke, births to black 
fathers and older fathers, higher order births and births 
following induced ovulation. It is unknown to what 
extent the factors that influence sex ratios at birth act 
through effects on sex ratios at conception or effects on 
sex differences in mortality before birth. 

C. SEX DIFFERENCES IN RISK OF DEATH 
PRIOR TO BIRTH 

It would be of considerable interest to determine sex 
differences in mortality throughout the period from 
conception to birth. Unfortunately, that is not possible 
because of serious methodological problems. In many 
cases, death of the conceptus occurs very early, even 
before the woman or her physician recognize that she is 
pregnant. For example, one very good study of healthy 
women used sensitive hormonal assays that could detect 
a pregnancy as early as a week after fertilization of an 
egg and found that 22 per cent of detected pregnancies 
ended before the pregnancy was clinically recognized; an 
additional 9 per cent of pregnancies ended in spontane
ous abortion after the pregnancy was clinically recog
nized and before 28 weeks of gestational age (Wilcox 
and others, 1988). 'Other studies have also found 
evidence of high rates of loss before pregnancies have 
been clinically recognized, followed by spontaneous 
abortion rates of about 10 per cent for clinically recog
nized pregnancies (Simpson and Carson, 1993; Wilcox 
and others, 1988; World Health Organization, 1984). 
Thus, current evidence indicates that more than two 
thirds of prenatal mortality occurs before pregnancies are 
clinically recognized. The sex ratio for those very early 
deaths is unknown, because in those cases the conceptus 
is almost never available for sex identification. 

1. Spontaneous abortions 

Studies of sex differences in the risk of spontaneous 
abortion have investigated embryonic and foetal mortal
ity from the time that the pregnancy is clinically recog
nized (typically about 6 weeks of gestational age) to 27 
weeks of gestational age. Those studies have encoun
tered substantial methodological problems. Anatomical 
identification of sex is impossible in the early stages of 
development and very difficult throughout the first 
trimester (Byrne and Warburton, 1987). Analysis of 
chromosomal make-up can identify sex, but many 
:findings have been distorted by problems, such as con
tamination of samples with rµaternal tissue or a tendency 
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for sex chromatin analyses of spontaneous abortions to 
overestimate the proportion of males (Hassold, Quillen 
and Yamane, 1983; Waldron, 1983). 

It is also important to recognize that a substantial 
portion of early spontaneous abortions involve concep
tuses that are not normal males or females (i.e., not XY 
or XX). For example, current evidence indicates that 
approximately 5-10 per cent of spontaneous abortions 
are monosomy X (i. e., have a single X chromosome in 
each cell), about the same proportion are triploid (i.e., 
have three sets of chromosomes, including three sex 
chromosomes, either :XXX or XXY), and approximately 
1-5 per cent are tetraploid (Eiben and others, 1990; 
Neel, 1990; Simpson and Carson, 1993). Taken to
gether, those chromosomal abnormalities have been 
observed in approximately 15-25 per cent of spontane
ous abortions, compared to less than 2 per cent of a 
representative sample of embryos and less than 0.02 per 
cent of live births (Eiben and others, 1990; Neel, 1990; 
Simpson and Carson, 1993; Zhou and others, 1989). 
Thus, embryos with those types of sex chromosome 
abnormalities have a high risk of spontaneous abortion 
and they constitute a substantial fraction of all spontane
ous abortions. The proportion .of embryos which are 
neither XX nor XY is particularly high for spontaneous 
abortions at younger gestational ages. 

Studies of sex differences in spontaneous abortion risk 
continue to yield conflicting results, even in those with 
very good methodology and chromosomally normal 
samples. For example, two such studies of chromosom
ally nonnal spontaneous abortions found sex ratios of 72 
and 124 to 145, respectively (Eiben and others, 1990; 
Hassold, Quilllen and Yamane, 1983). Another excel
lent study found a sex ratio of 123 for chromosomally 
and anatomically normal spontaneous abortions (Byrne 
and Warburton, 1987). As sample sizes in those studies 
ranged from 350 to 1,000, chance fluctuation could 
account for some but probably not all of the differences 
in results. Another possible reason for the lower sex 
ratio in the first study might be the younger gestational 
age of the sample (primarily 8-13 weeks, compared with 
primarily 9-20 and 12-24 weeks in the other studies). 
However, that interpretation is not supported by analy
ses of the relations between sex ratio and gestational age 
within samples (Eiben and others, 1990; Byrne and 
Warburton, 1987). 

In all of the three studies mentioned above, many of 
the spontaneous abortions had at least some chromo-



of the enviromnenta1 factors that may contribute to those 
differences. Discussion of possible biological causes 
of sex differences in infectious disease mortality is 
postponed to subsection 2, which summarizes evidence 
concerning sex differences in the immune system. 

1. Sex differences for different types of 
infectious disease 

One major category of infectious disease mortality 
in developing countries is intestinal infections or diar
rhoeal diseases. Sex differences in mortality due to 
intestinal infections vary in different countries and age 
groups (tables 21-23 and 25; Bhatia, 1989; Gomez, 
1993; Waldron, 1987). In infancy, mortality due to 
intestinal infections is usually higher for males than for 
females. In contrast, for young children, mortality due 
to intestinal infections is often higher for females than 
for males. Morbidity due to diarrhoeal diseases shows 
a different pattern of sex differences than mortality. 
Males and females tend to have similar rates of diar
rhoeal disease morbidity, or males tend to have slightly 
higher rates, beginning at about six months of age 
(Arnold, 1992; Diame, N'diaye and Airey, 1990; 
Fauveau, Koenig and Wojtyniak, 1991; Kirkwood, 
1991; Mock and others, 1993; El Samani, Willett and 
Ware, 1989). One possible reason that males may have 
higher rates of intestinal infections may be that as infants 
become mobile, males may be allowed greater freedom 
of movement than females, and consequently males may 
be exposed more to infection (Daime, N' diaye and 
Airey, 1990). Thus, girls generally do not have higher 
morbidity for intestinal infections but in some develop
ing countries they do have higher mortality from those 
causes. That contrast suggests that, in some countries, 
an intestinal infection is more likely to be fatal for girls 
than for boys. That is confinned by evidence from 
Matlab, Bangladesh, where it appears that there is little 
sex difference in morbidity for diarrhoeal diseases, but 
girls have higher case-fatality rates (Fauveau, Koenig 
and Wojtyniak, 1991). It appears that higher female 
case-fatality rates may be due in large part to a sex 
difference in curative medical care that favours boys. A 
similar sex difference in medical and home treatment 
for diarrhoea has been observed in a few other countries, 
although not in most countries studied (Arnold, 1992; 
McDivitt, Hornik and Carr, 1994; chapter VII below). 

Another major category of infectious disease mortality 
in developing countries is lower respiratory infections, 
particularly pneumonia. In infancy, males usually have 
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higher mortality due to pneumonia or respiratory infec
tions; in contrast, sex differences in mortality in early 
childhood due to pneumonia or respiratory infections are 
variable, and in many populations, girls have as high or 
higher mortality than boys (tables 21-23 and 25; Bhatia, 
1989; Gomez, 1993; Waldron, 1987). It appears that 
sex differences in the prevalence and treatment of 
respiratory infections are small and generally not signifi
cant, based on data for infants and young children 
combined for various African and Latin American 
countries (Arnold, 1992; chapter VII below). 

In many developing countries, one major cause of 
neonatal mortality is neonatal tetanus resulting from 
infection through the cut umbilical cord or infection 
occurring during circumcision (Bhatia, 1989; Stanfield 
and Galazka, 1984). Males have higher mortality for 
neonatal tetanus than females in most regions studied, 
although no sex difference or slightly higher female 
mortality has been observed in a few cases (Alemu, 
1993; Bhatia, 1989; Leroy and Garenne, 1989; Stanfield 
and Galazka, 1984). It is unclear whether sex differ
ences in exposure make any significant contribution to 
sex differences in neonatal tetanus (Leroy and Garenne, 
1989; Stanfield and Galazka, 1984). 

In some developing countries, mortality due to human 
immunodeficiency virus (HIV) infection has become an 
increasingly important cause of infant and child mortal
ity (Mulder and others, 1994; Ryder and others, 1989). 
No information on sex differences is available in most 
studies of HIV transmission from mother to child or 
studies of mortality risk for HIV-infected infants and 
children. Limited data suggest that males and females 
may have similar risks of vertical transmission of HIV 
(Mulder and others, 1994). 

Measles is a major cause of child mortality in the 
developing world, resulting in deaths that are directly 
attributed to measles and additional deaths due to 
subsequent increased risk of infectious diseases, such as 
pneum.oniaanddianhoealdiseases (Aaby, 1993; Bhatia, 
1989; Bhuiya and others, 1987; Fargues and Nassour, 
1988; Garenne, 1994; Narain and others, 1989). 
Measles infections suppress the immune system, which 
contnbutes to the increased risk of pneumonia and other 
infectious diseases during and after measles infections 
(Greenwood and Whittle, 1981; Leon and others, 1993). 

Sex differences in measles mortality show a different 
pattern than most infectious diseases, with a general 



Several processes appear to contribute to those very 
high sex ratios at birth, although there is considerable 
controversy concerning their relative importance. In 
both China and the Republic of Korea, it appears that 
prenatal sex screening (using ultrasound, amniocentesis 
etc.) and sex-selective abortion have contributed to 
higher sex ratios at birth (Bae, n.d.; Coale and Bannis
ter, 1994; Lee and Choe, n.d.; Yi and others, 1993). In 
addition, evidence for China indicates that some female 
births are not registered, so that the reported sex ratio at 
birth is greater than the actual one <YI en, 1993; Yi and 
others, 1993). Female babies may be raised by their 
birth families without being registered, may be regis
tered later as "in-migrants", or may be given up for 
adoption, abandoned or killed (Coale and Bannister, 
1994; Hull and Xingyan, 1993; Johansson and Nygren, 
1991; Yi and others, 1993). Although the relative 
importance of the various contributing factors is contro
versial, there is general agreement that the high and 
rising sex ratios at birth in China and the Republic of 
Korea reflect social processes and not natural biological 
processes. 

In summary, sex ratios of live births have generally 
ranged between 103 an~ 107. Several factors appear to 
contribute to relatively high sex ratios of live births, 
including ethnicity, reduced late foetal mortality (partic
ularly for males) and reduced fertility. Recent increases 
of sex ratios at birth in China and the Republic of Korea 
appear to be due to additional processes, including sex
selective abortion and, in China, underreporting of 
female births. 

2. Correlates of sex ratios at birth 

The relations between many different factors and sex 
ratios at birth, primarily in developed countries, have 
been studied intensively. Many of the observed relations 
are of small magnitude or appear inconsistent in differ
ent studies (Bromwich, 1989; Chahnazarian, 1988; 
James, 1987a). The present section discusses several 
general hypotheses concerning factors influencing sex 
ratios at birth. 

One hypothesis is that the developing male foetus 
may be more vulnerable than the female foetus to 
physiological stresses, such that various physiological 
stressors decrease the sex ratio of live births (Bromwich, 
1989). There is some support for that hypothesis but the 
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findings are inconsistent, which suggests that stressors 
do not always reduce the sex ratio of live births. Evi
dence that physiological stressors may reduce the 
proportion of male births includes the findings that 
maternal cigarette smoking, excessive use of alcohol and 
use of amphetamines, opiates and other street drugs 
are each associated with lower sex ratios at birth 
(Bromwich, 1989; James, 1987a; Martin, 1985). In 
addition, poor maternal nutrition appears to retard foetal 
growth more for males than for females, and chronic 
malnutrition may decrease the sex ratio of live births 
(Mora and others, 1981; Williams and Gloster, 1992). 
However, evidence concerning that last link is inconsis
tent. Although analyses of recent trends in international 
data suggest an effect of malnutrition on the sex ratio at 
birth, earlier studies did not find evidence for that effect, 
perhaps due to shorter durations of maternal malnutri
tion (James, 1987a; Williams and Gloster, 1992). 

Limited evidence suggests that the relations between 
maternal disease and sex ratios at birth may vary 
for different types of diseases (Bromwich, 1989; Chah
nazarian, Blumberg and London, 1988; James, 1987a; 
McGregor and Leff, 1990). Those varied associations 
appear to reflect a variety of effects, including effects of 
the sex of a foetus on maternal risk of disease, effects of 
maternal disease on foetal mor-tality, and possibly the 
effects of disease on the sex ratio at conception. The 
physiological effects of a male foetus may increase the 
risk for certain pregnancy-related conditions, such as 
pre-eclampsia and eclampsia (Adinolfi, Polani and 
Crolla, 1985; Lopez-Llera, 1990). Certain types of 
infection (e.g., genital herpes) may alter reproductive 
tract physiology in ways that may decrease the propor
tion of males conceived or surviving to a live birth 
(McGregor and Leff, 1990). However, contrary to the 
hypothesis of selective male vulnerability, some types of 
infectious diseases may increase the proportion of male 
births. For example, one study found evidence that the 
sex ratio at birth was higher for mothers that had been 
exposed to measles at about the time of conception 
(Langaney and Pison, 1979), although a subrequent 
study failed to confinn that association (Robert-Lamblin 
and others, 1983). The sex ratio at birth appears to be 
higher if either parent is chronically infected with 
hepatitis B (Chahnazarian and others, 1988). The 
relations between paternal hepatitis infection status and 
sex ratio at birth suggest possible effects at the time of 
conception, not just differential survival in utero. There 



immunodeficiencies are uncommon in females, because 
nonnal immune function is usually preserved by a 
normal gene on one of the two X chromosomes. Al
though X-linked immunodeficiencies contribute to 
greater male vulnerability to infectious diseases, the 
quantitative importance of that effect is uncertain. Each 
of the identified X-linked immunodeficiencies is rare, 
and data for developed countries suggest that the fre
quency of all types combined is perhaps 1-10 per 
100, 000 male births. 5 In environments with high rates 
of infectious diseases and poor medical care, most males 
with X-linked immunodeficiencies would be expected to 
die of an infectious disease by age 5, which suggests that 
X-linked immunodeficiencies might contribute roughly 
0.5-10 infectious disease deaths per 100,000 males.6 In 
comparison, the excess of male over female infectious 
disease mortality for infancy and early childhood is 
roughly 30-130 deaths per 100,000 in some developing 
countries.7 Those estimates suggest that X-linked 
immunodeficiencies may make a minor to moderate 
contribution to excess male infectious disease mortality 
in some developing countries. That conclusion must be 
considered tentative, however, since the estimates are 
subject to considerable uncertainty and variability 
between countries. 

Another possible cause of greater male vulnerability to 
infectious disease mortality is that testosterone may 
inhibit immune function (Schuurs and Verheul, 1990). 
Males have higher levels of testosterone during foetal 
development and the first few months after birth, which 
may contribute to decreased immune function and 
greater vulnerability to infectious disease for male 
infants. However, that hypothesis must be considered 
tentative at present since current research has identified 
very few sex differences in immune function in early 
infancy, and it is unclear whether the few observed sex 
differences would benefit males or females or have no 
significant effect on sex differences in infectious disease 
mortality in infancy (table 26). 

Table 26 summarizes the available evidence concern
ing sex differences in the levels and function of various 
components of the immune system in infants and chil
dren. As mentioned above, the limited data available for 
infants do not provide clear evidence of sex differences 
in immune function. For children, sex differences in 
immune function vary depending upon the specific 
immune component considered. It appears that girls 
have higher levels of antibodies to rubella vaccine and 
Epstein-Barr virus, and higher levels of immunoglobulin 
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M (IgM). However, boys may have stronger responses 
in one test of immune cell responsiveness, and no sex 
differences have been found for many of the components 
involved in defences against infectious disease. Those 
generalii:ations are supported by evidence for both 
developed and developing countries (Biggar and others, 
1981; Kafuko and others, 1972; Rowe and others, 1968; 
Lau, Jones and Yeung, 1992; Leon and others, 1993). 

The most well-established sex difference in immune 
function is higher levels of the class of antibodies 
designated IgM in females than in males. The sex 
difference in IgM levels is not observed in early infancy 
but begins in the second half of infancy or the second 
year (figure 8). The magnitude of the sex difference is 
small compared to the substantial variation within each 
sex, and it is uncertain whether that modest difference in 
IgM levels has significant effects on resistance to 
infection (Berg and Johansson, 1969; Lau, Jones and 
Yeung, 1992; Rowe and others, 1968; Wiedennann and 
Wiedennannova, 1981 ). It seems very likely that the sex 
difference in IgM levels is due to inherent biological 
causes since it has been very consistently observed in 
many different populations and there does not appear to 
be a plausible environmental explanation. However, 
the biological mechanisms are unclear at present. 

Earlier research had suggested that the X chromosome 
has one or more genes that increase IgM production, and 
those genes would be active on both X chromosomes in 
females but only on the single X chromosome in males, 
resulting in higher IgM levels for females CW aldron, 
1983). However, that hypothesis is not supported by 
current genetic evidence (Conley, 1994; McGue and 
others, 1990).8 

Another possible cause oflower levels oflgM among 
males are inhibitory effects of testosterone on immune 
function (Schuurs and Verheul, 1990). However, 
discrepancies between the age patterns of testosterone 
production and sex differences in IgM levels argue 
against that hypothesis. Males have relatively high 
levels of testosterone during foetal development and the 
first few months after birth, but there does not appear to 
be a significant sex difference in IgM levels during that 
period (figure 8; Butterworth, McClellan and Allan
smith, 1967; Corbier, Edwards and Roffi, 1992; Lau, 
Jones and Yeung, 1992; Meites, 1989; Winter and 
others, 1976; Winter, Faiman and Reyes, 1981). In 
contrast, males have lower levels of lgM than females 
beginning in the second half of infancy or the second 



derived from contemporary and historical international 
data. The evidence indicates that sex ratios at birth are 
influenced by ethnic differences, foetal mortality rates, 
fertility rates and social processes, such as sex-selective 
abortion. 

In large developing countries with reliable data, the 
sex ratios of live births have varied between 103 and 
106 in recent decades (table 19). For developing 
countries with reliable data for both live births and late 
foetal deaths, sex ratios for live births ranged from 103 
in Mauritius to 108 in Singapore (table 20). In coun
tries with good civil registration systems, rates of late 
foetal mortality are relatively low, and thus there is little 
difference between sex ratios for live births and sex 
ratios for total births. Mauritius and Cuba had some
what higher late foetal mortality rates, with higher rates 
for males than for females; consequently, the sex ratios 
for total births were slightly greater than the sex ratios 
for live births. It is likely that late foetal mortality rates 
are still higher in many other developing countries 
lacking good civil registration systems, so that those 
countries may have a greater difference between the sex 
ratio of total births and the sex ratio of live births, as 
observed in historical data for developed countries 
(discussed further bel~w). Most contemporary data for 
developed countries show sex ratios at birth between 
104 and 107, with relatively little difference between 
sex ratios for live births and sex ratios for total births 

TABLE 19. SEXRATIOSOFLIVEBIRTHS,SELECTBD 
DEVELOPING COUNTRIES" 

Country 1965-1970 1978-1982 

Chile ............... . 103.8 104.3 

Egypt .............. . 106.3 

Guatemala ......... .. 104.0 

Sri Lanka .......... .. 103.5 104.5 

Tunisia ............. . 104.6 105.8 

Venezuela .......... . 103.4 104.5 

Sources: M. Schtickzelle, "Evolution du rapport de masculinit6 a la 
naissance dans quelques pays occidentaux", Genus, vol. 37, pp. SS-60 
(Rome, 1981); and United Nations, Demographic Yearbook, 1986 
(United Nations publication, Sales No. E/F.87.XIII.1). 

'Including those developing countries with data concerning number of 
livebirtln by sex for 1978-1982, withat least 100,000 births per year, at 
least 90 per cent complete reporting and births classified as alive at the 
time of birth, not later. 
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TABLE20. SEXRATIOSOFLIVEBIRTIIS, TOTAL BIRTHS AND LATE 

FOETAL MORTALITY RISK, SELECTED DEVELOPING 

COUNTRIES, 1980-1984" 

Sex ratio Sex ratio Late foetal mortality rislt' 
of live of total Sex 

Country births births Male Female rah'o 

Chile ........ 104.3 104.3 7.1 7.2 99 

Cuba ........ 106.3 106.5 12.6 10.5 120 

Mauritius .... 103.3 103.6 22.9 20.2 114 

Sinsal?2re .... 108.2 108.2 6.2 6.0 103 

Source: United Nations, Demographic Yearbook, 1986 (United 
Nations publication, Sales No. FJF.87.XIII.l). 

•including data for developing countries with at least 90 per cent 
complete reporting oflive births and late foetal deaths and at least 1,000 
late foetal deaths in 1980-1984 (or, for Cuba, 1981-1984). 

"Late foetal deaths per 1,000 (live births plus late foetal deaths). 

(Chahtw.arian, 1986 and 1988; Johansson and Nygren, 
1991; Schtickzelle, 1981; Ulizzi and Zonta, 1993). 

Sex ratios of live births generally vary between about 
103 and 107. One cause of the variation in sex ratios of 
live births may be ethnic differences. Blacks generally 
have lower sex ratios at birth, as shown both by data on 
sub-Saharan African countries and by data classified by 
race within countries (Chahnazarian, 1986 and 1988; 
FeitosaandKrieger, 1993; James, 1987a; MacGillivray, 
Davey and Lawley, 1986). However, it appears that not 
all black populations have low sex ratios at birth, since 
studies of local or regional samples with reliable data 
have shown high sex ratios for blacks in parts of Africa, 
as for instance in regions of Nigeria, where ratios of 
106-107 have been recorded (Ayeni, 1975; Rehan, 
1982). 

Additional causes of variation in sex ratios of live 
births are suggested by the observation that countries 
with better health and lower fertility tend to have higher 
sex ratios of live births (Klasen, 1994; Mackey, 1993). 
For example, data for the 1970s and 1980s, excluding 
countries where a significant share of the population is 
African or of African descent, show average sex ratios of 
104-108 and 105-106 for countries with life expectan
cies of 65 and 75 years, respectively (Klasen, 1994). 
Improved maternal health may be associated with lower 
late foetal mortality, particularly for males. Decreased 
foetal mortality for males contributes to higher sex ratios 
of live births. Fertility rates may also influence sex 
ratios at birth. Specifically, in low-fertility populations 
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Figure 8. Sex ratios of blood levels of bnmunoglobulin M (lgM) in infants and children 
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Sources: Canada: J. W. Gerrard, R. Dalgleish and L. K.-T. Tan, "lnununoglobin levels in white and Melis communities in 
Saskatchewan", Clinical and Experimental Immunology. vol. 29, pp. 447-456 (Oxford, 1977); former Czechoslovakia, D. Weidermann 
and D. Weidermannova, "The development of three major immunoglobulin serumlevels in healthy children between 2 and 16 years of age 
with regard to sex", Physiologica Bohemoslovaca, vol. 30, Fasc. 4, pp. 315-322 (London, 1981 ); the Gambia, D. S. Rowe and others, 
"Plasma immunoglobulin concentrations in a West African (Gambian) community and in a group of healthy British adults", Clinical and 
Experimental Immunology. vol. 3, pp. 63-79 (Oxford, 1968); Hong Kong. Y. L. Lau, B. M. Jones and C. Y. Yeung, "Biphasic rise of serum 
immunoglobulin s G and A and sex influence on serum immunoglobulin Min normal Chinese children", Journal of Pediatric and Child 
Health, vol. 28, pp. 240-243 (1992); Netherlands, J. W. Stoop and others, "Serum immunoglobulin levels in healthy children and adults ", 
Clinical and Experimental Immunology, vol. 4, pp. 101-112 (Oxford, 1969); Sweden, T. Berg and S. G. 0. Johannson, "Inununoglobulin 
levels during childhood, with special regard to IgE", Acta Pediatrica Scandinavia, vol. 58, pp. 513-524; United States, M. Butterworth, B. 
McClellan and M. Allansmith, "Influence of sex on inununoglobulin levels", Nature, vol. 214, pp. 1224-1225 (London, 1967). 

Nara: Vertical alignment of each line shows sex ratio for IgM levels for one age group, and length ofline indicates age range; all data for 
general population samples, often restricted to ''healthy" infants and children, with at least 40 infants or children in each age group shown. 
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year, but by that age there is no significant sex difference 
in testosterone levels. Thus, the biological basis for sex 
differences in lgM levels remains unclear. 

One additional point of interest is that sex differences 
in immune function may vary depending upon environ
mental exposures. One interesting example concerns 
measles vaccination, which appears to have long-term 
effects on immune function. It appears that girls are 
relatively disadvantaged by high titre measles vaccina
tion; one type of immWle advantage for girls is observed 
after low titre measles vaccination but is absent after 
high titre measles vaccination (table 26; Leon and 
others, 1993). Jn high mortality populations, girls tend 
to have higher survival probabilities than boys for 
several years after low titre measles vaccination but 
lower probabilities after high titre measles vaccination 
(Aabyandothers, 1994; Holt and others, 1993). Those 
results suggest that sex differences in immune function 
and infectious disease mortality may be influenced by 
complex interactions between inherent sex differences in 
biology and environmental factors, such as the level of 
exposure to measles virus. Jn the future, it will be of 
interest to evaluate whether sex differences in immune 
function are influenced by additional environmental 
factors, such as nutrition. 

In conclusion, several lines of evidence suggest that 
biological factors may contribute to greater vulnerability 
of male infants and children to infectious disease mortal
ity, although evidence is incomplete and somewhat 
inconsistent. Among infants, males have had higher 
rates of infectious disease mortality than females for 
most types of infectious disease in most populations 
studied, and the consistency of that sex difference 
suggests that it may be due to inherent sex differences in 
imm\llle function. X-linkecl immunodeficiencies contrib
ute to higher susceptibility to infectious disease for some 
males, but those X-linked immunodeficiencies are rare, 
and they appear to make only a minor to moderate 
contribution to sex differences in infectious disease 
mortality. Males have higher levels of testosterone 
before birth and during the first few months after birth, 
and testosterone has varied inhibitory effects on the 
immune system. However, research has not identified 
specific components of the immune system that show a 
male disadvantage in early infancy. After early infancy, 
males do have lower levels of lgM. However, the 
biological basis of that sex difference is unclear, and it 
is not known how much effect the relatively modest sex 
difference in lgM levels has on susceptibility to infec-
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tious disease mortality. For many components of the 
immune system, no sex difference has been observed, 
and in some cases sex differences are variable under 
different circumstances. Jn summary, the evidence 
suggests that males have inherently greater vulnerability 
to infectious disease mortality, but current research has 
not yet identified its specific biological basis. 

F. ACCIDENTS AND OTHER VIOLENCE 

In most countries, males have higher mortality from 
accidents and other violence at all ages, including 
infancy and early childhood (tables 21-23 and 25; Taket, 
1986; Waldron, 1987). For young children, higher male 
mortality due to accidents and other violence is often the 
primary cause of higher total mortality for boys, particu
larly in countries with relatively low mortality due to 
infectious diseases (table 25; Gomez, 1993; Waldron, 
1987). 

The present section focuses on accident mortality, the 
largest category within accidents and other violence. 
Data concerning different types of accidents indicate that 
males have higher mortality than females from most 
types of accidents inmost countries (Taket, 1986). For 
example, data for young children in 18 middle-income 
developing countries yield the following sex mortality 
ratios '(male/female death rates): 1.86, fatal falls; 1.48, 
drownings; 1.43, accidental poisonings; 1.34, motor 
vehicle accidents; 1.14, accidental deaths from fire; and 
1.34, total accidents (calculated from data in Taket, 
1986).9 

It appears that boys have more injuries than girls in 
large part because boys are more physically active and 
engage in more risky physical activities. Although the 
evidence comes primarily for developed countries, the 
behavioural difference probably applies in other settings 
(Eaton and Enns, 1986; Matheny and Fisher, 1984; 
Okasha and others, 1976; Rosen and Peterson, 1990). 
On average, boys are more involved in rough-and
tumble play, are more aggressive physically and are 
more frequently engage in antisocial or acting out 
behaviours, and those characteristics are also associated 
with higher risk of injury (Matheny and Fisher, 1984; 
Okasha and others, 1976; Rosen and Peterson, 1990; 
Whiting and Edwards, 1973). 

Gender differences in activity level and rough-and
tumble play may be due in part to biological effects. 



Specifically, studies of humans and non-human primates 
suggest that higher prenatal levels of testosterone may 
predispose males to high-energy physical activity and 
physical aggressiveness (Goy, Bercovitch and McBrair, 
1988; Hines, 1982; Hines and Kau:finan, 1994; 
Reinisch, Ziemba-Davis and Sanders, 1991). However, 
some studies have not shown evidence of those effects, 
and methodological problems necessitate caution in 
interpreting the evidence from the human studies (Hines, 
1982; Hines and Kaufinan, 1994; Waldron, 1983). One 
additional line of evidence is derived from studies of 
activity levels in human foetuses during the last tri
mester of pregnancy; those studies suggest that male 
foetuses may be more active than female foetuses, on 
average, and that difference may be due to effects of 
male hormones on activity levels (Eaton and Enns, 
1986). 

It appears that any biological predisposition to higher 
male activity levels and risk-taking is reinforced by 
widespread differences in the socialiution of boys and 
girls. Evidence from both developed and developing 
cowrtries indicateS that boys have less adult supervision, 
in part because bays spend more time away from home, 
and that probably conpibutes to their higher rates of 
serious accidents!(Rosen and Peterson, 1990; Weisner, 
1979; Whiting and Edwards, 1973). In many develop
ing countries, that gender difference arises in part 
because girls are required to take responsibility for 
domestic and child-care tasks near the home. Studies of 
parents in devel<l>ped countries indicate that boys are 
encouraged morei than girls to be physically active and 
adventurous (Rosen and Peterson, 1990; Waldron, 
1983). Thus, recent evidence suggests that higher 
accident mortalit}' for males may reflect the combined 
effects of biological factors (prenatal hormones) and 
environmental fa¢tors (culturally influenced differences 
in the socializatiqn of boys and girls). 

. G. CONCLUSIONS 

In developing 1 countries, males have consistently 
higher mortality-females during the neonatal period. 
Sex differences in mortality are more variable during the 
post-neonatal period of infancy, and by early childhood, 
females have higher mortality than males in many 
developing countries. That shift from a consistent male 
excess to more variable sex differences in mortality is 
due in part to a $hift with age in the major causes of 
death that contritlute to total.mortality. 
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In the neonatal period, perinatal conditions are a major 
component of total mortality, and excess male mortality 
from those conditions is a major reason that males have 
higher total mortality during that period. In addition, 
males generally have higher mortality for congenital 
anomalies, which makes an additional but modest 
contribution to higher male neonatal mortality. 

During early childhood, infectious diseases and 
accidents are the biggest contributors to sex differences 
in mortality. Sex differences in infectious disease 
mortality are variable, which is a major cause of the 
variable sex differences in total mortality in early 
childhood. In contrast, boys have higher accident 
mortality than girls in almost all countries, which 
contributes to higher total mortality for boys, particularly 
in low-mortality countries in which infectious diseases 
play a less important role. · Thus, for young children 
variation in sex differences in total mortality reflects 
both variable sex differences in infectious disease 
mortality and variation in the relative contributions of 
infectious diseases and accidents to total mortality. 

Within the categories of perinatal conditions and 
accidents, the male disadvantage is quite consistent for 
various specific causes of death, for different age groups 
and under different environmental conditions. Within 
the categories of congenital anomalies and infectious 
diseases, sex differences are more variable. Males have 
higher mortality risk than females from many types of 
congenital anomalies, but females have higher mortality 
risk from congenital anomalies of the central nervous 
system. Sex differences in infectious disease mortality 
vary with age group, environmental conditions and 
specific type of infectious disease. In infancy, males 
generally have higher mortality than females from most 
types of infectious diseases, whereas for young children 
sex differences are more variable and appear to be 
influenced by environmental factors, such as discrimina
tion against females. For measles, females have tended 
to have higher mortality than males. Those patterns of 
sex differences in mortality suggest that males may be 
inherently more vulnerable than females to perinatal 
conditions, accidents, most types of congenital anoma
lies and infectious diseases in infancy. In contrast, 
females may be inherently more vulnerable than males to 
congenital anomalies of the central nervous system and 
measles. 

The biological factors that contribute to sex differences 
in various causes of death are diverse, and to date only 



poorly understood. Consistently higher male mortality 
for perinatal conditions is most likely due to inherent 
biological disadvantages. Biological disadvantages for 
males may include greater risk of birth at younger 
gestational ages, greater immaturity of males' lungs at a 
given gestational age, and other factors that have not 
yet been identified. It appears that the biological 
disadvantages for males are sufficient to outweigh one 
well-established male advantage-their higher birth
weights. The causes of sex differences in congenital 
anomalies mortality are poorly understood, but it ap
pears that they are influenced by multiple sex differences 
in development, some of which favour females and 
others males. 

It appears likely that inherent sex differences in 
biology contribute to sex differences in infectious 
disease mortality, although evidence is limited and 
inconsistent. Immune resistance among males may be 
reduced by X-linked genetic defects. However, recent 
evidence indicates that X-linked immunodeficiencies are 
relatively rare, and thus probably make only a minor to 
moderate contribution to sex differences in infectious 
disease mortality. Immune function among males may 
also be inhibited by exposure to testosterone during the 
prenatal period and early infancy. However, it is unclear 
which components of the immune system, if any, show 
a male disadvantage during early infancy. Among young 
children, girls have higher levels than boys for several 
components of the immune system, but many compo
nents show no sex difference and boys may have an 
advantage for at least one measure of immune cell 
responsiveness. Also, sex differences in immune 
function may vary depending upon environmental 
influences. Tims, the balance of evidence suggests that 
males may have inherent disadvantages in resistance to 
infectious diseases, but additional evidence will be 
required to evaluate the extent and nature of the male 
disadvantage in different age groups, for different types 
of infectious disease and under different environmental 
circumstances. 

Concerning accidents, recent research suggests that 
prenatal exposure of male brains to higher testosterone 
levels may predispose males to higher activity levels and 
other behavioural characteristics that may contribute to 
higher accident mortality. Any hormonal contribution to 
sex differences in behaviour appears to be reinforced by 
differences in the socialization of males and females in 
most cultures. 
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The evidence reviewed in the present chapter under
scores the diversity and complexity of biological effects 
on sex differences in infant and child mortality. Rather 
than a general male vulnerability, as implied by some 
authors, there are multiple sex differences in biology that 
have variable effects on sex differences in mortality. 
Many of those sex differences in biology contribute to 
higher mortality risk for males, but others to contribute 
to higher risk for females. 

Although the present chapter has been primarily 
concerned with biological factors, it is useful to point 
out that the contribution of environmental factors to sex 
differences in mortality also varies. For example, 
discrimination against females can increase their mortal
ity risk, but some of the advantages or privileges granted 
to boys may increase their mortality risk. For instance, 
greater freedom to play may increase boys' risks of 
diarrhoeal infections and accidents. 

Given the above-mentioned complexities, it cannot be 
assumed that higher male mortality is necessarily due to 
inherent male vulnerability, nor that higher female 
mortality is necessarily due to environmental disadvan
tages for females. The available evidence suggests that 
males have inherently greater vulnerability for mortality 
due to perinatal conditions and for total mortality in the 
neonatal period, but the assumption that males have a 
pervasive inherent disadvantage is incorrect for some 
types of congenital anomalies, and is of uncertain 
validity for infectious diseases and total mortality in 
early childhood. Thus, proper understanding of the 
causes of sex differences in mortality cannot be based on 
general assumptions concerning inherent male vulnera
bility or environmental disadvantages as the cause of 
higher female mortality. Instead, it is important to 
continue to investigate the specific biological and 
environmental factors contributing to sex differences in 
mortality, and to analyse how the various causal factors 
interact and vary in importance under different circum
stances. 

Similar conclusions have been reached in previous 
analyses that have included data for other age groups 
and have included historical and contemporary data for 
developed and developing countries (Johansson, 1991; 
Preston, 1976; Waldron, 1983, 1987). Those analyses 
support the conclusion that sex differences in mortality 
are influenced by the interacting effects of a variety of 
biological and sociocultural factors, and the relative 



importance of specific biological or sociocultural factors 
depends upon age, cause of death and environmental 
conditions. 

NOTES 

'For some COU111ries in Latin America, civil registration systems provide 
cause of death data that are complete and accurate. The data for 
Argentina, Chile and Cuba have been rated very good and are presented 
in the present chapter (Vallin, D'Souza and Palloni, 1990; World Health 
Organization, 1989-1993 ); for those three countries, at least 90 per cent 
of deaths were registered, at least 90 per cent of registered deaths were 
medically certified, and less than 10 per cent of registered deaths for 
infants or young children were attributed to signs, symptoms and other ill
defined condition& For Chile and Cuba, data for multiple years have been 
combined in order to include at least 1,000 deaths for each age group 
shown in the tables. 

In order to provide cause-of-death information for other regions of the 
developing world, two types of data are presented. First, civil registration 
data are presented for Sri Lanka, although they are less reliable than the 
data presented for Latin American countries. Sri Lanka has relatively 
complete civil registration (over 90 per cent), but only 3 5 per cent of 
deaths were medically certified and 10 per cent of infant deaths and 23 per 
cent of early childhood deaths were due to signs, symptoms and other ill
defined conditions (World Health Organization, 1989-1993). 

Since reasonably reliable cause-of-death data are not available from 
civil registration systems in high mortality regions, data are presented from 
special studies in two local areas. The International Centre for Diarrhoeal 
Disease Research, Bangladesh, provides very complete mortality data 
bssed on frequent field visits and continuous registration of vital events in 
Matlab, a rural region in Bangladesh. Cause of death data are derived 
from veibal autopsies based on information reported by family members; 
those cause of death data appear to be reasonably accurate for young 
children but appearto have major erron for infants (Bhatia, 1989; Vallin, 
D'Souza and Palloni, 1990). Consequently, for Matlab, only the early 
child mortality data are included in the tables and the text describes 
findings from a special in-depth study which provides some accurate 
cause-of-death data for infants (Bhatia, 1989; Fauveau, Koenig and 
Wojtyniak, 1991 ). It should be mentioned that the Matlab data in the 
tables are based on only 677 deaths for young children. 

For Bamako, a town in Mal~ the cause-of-death data are derived from 
local death registration (Fargues and Nassour, 1988). Those data are less 
complete than the other data shown but they appear to be the best cause
of-death data available for the high mortality region of sub-Saharan 
Afiica. In Bamako, it is estimated that slightly over one half of the deaths 
of infants and young children were registered. Causes of death were based 
on hospital reports ( 60 per cent) or verbal autopsies of information 
provided by a family member. The data shown in the present chapter are 
based on over 5,000 deaths for each age group. 

'During the early development of females, one of the X chromosomes 
in each cell is inactivated. It appears that in each cell, either X chromo
some is inactivated at random and thereafter remains inactive in all 
daughter cells. Even though one X chromosome is inactive in each cell, 
females are protected against X-linked recessive genetic defects for two 
reasons. First, in some tissues in which the activity of a particular X
linked gene is required, there is selective elimination of the cells in which 
the X chromosome with the defective gene is active; consequently, in most 
of the cells in that tissue, the X chromosome with the normal gene is active 
(Conley, 1992). Second, in tissues in which that type of selective 
elimination does not occur, one half of'the cells have the X chromosome 
with the normal gene active, and in many cases those cells can accomplish 
the necessary function. 

'Haemophilia A is estimated to occur in 0.01-0.03 per cent of male live 
births, and that disease appears to have increased infant and child 
mortality by a factor of roughly 4-5 throughout the twentieth century in 
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the United States of America (Jones and Ratnofl: 1991; Sankaranara
yanan, 1991 ); calculations based on those estimations indicate that 
haemophilia A has increased death rates for male infants and young boys 
in the general population by about 0.03-0.12 per cent. 

•Available evidence suggests that little sex: difference in levels of 
oestrogen and progesterone exists in foetuses, infants or young children, 
although some studies suggest that males may have higher levels of 
oestrogen and/or progesterone at birth and/or during early infancy 
(Simmons and othm, 1994; Winter and others, 1976; Winter, Faiman and 
Reyes, 1981 ). Some additional sex: differences in hormone levels have 
been observed; for example, females have higher levels of follicle
stimulating hmnone during foetal development and infancy (Winters and 
others, 1976; Winter, Faiman and Reyes, 1981 ). However, since there 
appears to be no evidence that those other hormonal differences influence 
sex: differences in infant or child mortality, they are not discussed here. 

'The higher estimate has been calculated on the basis of rates of 
immunodeficiencies in male and female Swedish children, based on 
complete data, including relatively mild immunodeficiencies (Fasth, 
1982). 1he Iowa' estimate has been calculated on the basis of similar but 
less complete data for Japan (Hayakawa and others, 1981 ). Summing the 
rates of various identified X-linked immunodeficiency diseases also 
suggests estimates in that range for various developed countries (Conley, 
1992; OMIM-TM, 1994). . 

'For the Swedish sample of immunodeficient children, recorded 
mortality due to infectious diseases was about I 5 per cent, based on 
limited liuati.on of follow-up in a country with relatively low exposure to· 
infectious diseases and very good medical care (Fasth, 1982). Much 
high« mortality has been obsaved in hiatorical and contemporary data for 
various X-linked immunodeficiencies (as high as 90-100 per cent by age 
5 (OMIM-TM, 1994; Perry and others, 1980). 

7 Sum of the sex: differences in mortality for all the infectious diseases 
shown for infants and young children for the countries in tables 21 and 25. 

'One of the identified X-linked immunodeficiencies reduces levels of 
lgM (and does not reduce levels of several other classes of inirnunoglobu
lin); however, that factor is unlikely to account for the sex: difference in 
lgM levels in the general population because that genetic defect is rare 
(probably less than 5 cases per 100,000 live-born males (Conley, 1992; 
Fasth, 1982; Perry and others, 1980)). 

'For young children in those countries, boys had slightly lower total 
mortality thsn girls (sex: ratio 0.9 5) despite their higher accident mortality 
(Taket, 1986). 
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IV. LEVELS AND TRENDS OF SEX DIFFERENTIALS IN INFANT, 
CHILD AND UNDER-FIVE MORTALITY 

United Nations Secretariat* 

Over the past two decades, mortality among children 
under the age of five has declined in most developing 
countries. Health and nutrition interventions, including 
immunization against infectious diseases, improved 
sanitation and access to clean water, as well as increased 
availability and use of health services, have all contrib
uted to the decline. Those interventions mostly affect the 
incidence of infectious and parasitic diseases, the major 
causes of death under the age of five in developing 
countries. As the proportion of deaths caused by infec
tious and parasitic diseases declines, the proportion of 
deaths due to endogenous causes and to certain exoge
nous causes, such as accidents, increases. That change 
results in an increasing concentration of deaths in the 
first few months of life, thus changing the structure of 
mortality under the age of five. 

In most populations, female infants (i.e., female 
children under the age of one) have lower mortality than 
their male counterparts, an outcome that is attributed to 
the biological and genetic advantages that females have 
over males. The female advantage may also operate 
beyond infancy, although at some point during early 
childhood environmental and behavioural as opposed to 
biological factors begin to exert a greater influence in 
detennining sex differentials in mortality (see chapter II 
above). Because a large proportion of mortality under 
age five is concentrated in the first year oflife, a period 
in which mortality due to endogenous causes prevails, if 
overall levels of under-five mortality are considered they 
generally tend to be lower for girls than for boys. 

In some developing countries, the biological advan
tage that girls have over boys is far outweighed by other 
factors, such as discriminatory child-care practices 
favouring boys, that result in excess female mortality 
among children, particularly between the exact ages of 
one and five. The countries where excess female mortal
ity has been documented and studied extensively form a 

*Population Division of the Department for Economic and Social 
Affairs. 
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belt that starts with Northern Africa, passes through 
Western and South-central Asia, and extends to China 
and the Republic of Korea (D'Souza and Chen, 1980, 
for Bangladesh; Dyson, 1987, for India; Tabutin, 1992, 
for Northern African countries; Bucht and El-Badry, 
1986 and Makinson, 1986 on Egypt; Choe, 1985 on the 
Republic of Korea; and Nadarajah, 1983 on Sri Lanka). 
Excess female child mortality in the countries covered by 
that belt has been attributed to discriminatory practices 
against girls in terms of nutrition and the provision of 
health care. Evidence shows that excess female mortal
ity has persisted even in countries experiencing eco
nomic development, declining fertility, improvements in 
nutritional levels and health-care provision, and in
creases in female educational attainment. 

Hitherto, information allowing the estimation of 
mortality separately for boys and girls has been sparse, 
except for countries in the regions mentioned above. 
One reason for the lack of information is that because in 
most countries sex differentials in under-five mortality 
generally favour girls, it is assumed that the sex differen
tials of its components, infant and child mortality, also 
favour girls. Therefore, very little effort has been made 
to tabulate or publish data allowing the estimation of 
infant and child mortality by sex. 

More recently, a number of efforts have been made to 
document and analyse indicators of mortality by sex 
among children under the age of five for a large number 
of developing countries. Hill and Upchurch (1995), 
using results from the Demographic and Health Surveys 
for 35 countries, and Tabutin and Willems (1995), using 
those surveys as well as other data sources for 62 
countries, find that excess female mortality between the 
exact ages of one and five (child mortality) is far more 
widespread than previously thought. According to 
Tabutin and Willems (1995), there is on average a 2 per 
cent excess female child mortality in sub-Saharan Africa, 
a 1 per cent excess in Latin America and the Caribbean, 
a 12 per cent excess in Eastern and Southern Asia, and 
a 5 per cent excess in Northern ~ca and Western Asia. 



In contrast, among children under the age of one excess 
male mortality prevails, ranging from 37 per cent on 
average in Eastern and Southern Asia to 3 per cent in 
Northern Africa and Western Asia Both studies reveal 
that the prevalence of excess female mortality is only 
weakly related to the level of overall mortality. For a 
number of countries Tabutin and Willems were able to 
study the relationship between mortality decline and 
changes in the sex ratio of child mortality. They found 
that excess female mortality tends to decline as mortality 
decreases but the relation between the two is weak. 

In the present chapter, a new set of estimates of infant, 
child and under-five mortality by sex is derived, and sex 
differentials in mortality relative to each of those indica
tors are presented. The estimated sex differentials are 
based on all available data allowing the estimation of 
infant and child mortality by sex for a country. The data 
and methods used to obtain estimates of infant, child and 
under-five mortality by sex are described in the section A 
below. Section Bis devoted to the analysis oflevels and 
trends of sex differentials in mortality in childhood; 
both the relation between sex differentials in mortality 
and mortality level, and changes in sex differentials over 
time are examined. 

A. THEDATA 

The most common indicators of mortality in child
hood are: infant mortality (i.e., the probability of dying 
between exact ages 0 and 1 year, denoted by 1q0); child 
mortality (the probability of dying between exact ages 1 
and 5 years, denoted by 4q1); and under-five mortality 
(the probability of dying between exact ages 0 and 5 
years, denoted by 5qo). Those three indicators are 
related to one another by the following equation: 

(1) 

Direct estimates (those that do not require the use of 
models for their derivation) of 1q°' 4q1 and ~0 are based 
either on data from a vital registration system or on 
survey questions posed to adult women about their 
childbearing histories. To estimate the probability of 
dying before age one (1qo) by sex from vital registration 
data one requires information on the number of male and 
female live births occurring over a given period, and the 
number of girls and boys dying before age one during 
the same period. The estimation of child mortality (4q 1) 
requires information on the number of girls and boys 
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dying between the exact ages of one and five over a 
given period, plus the population aged one to four at the 
mid-point of the period, classified by sex. Data derived 
from the complete registration of births and deaths 
constitute the ideal basis for the estimation of mortality 
since they cover the full set of events of interest and 
permit the estimation of trends. Unfortunately, most 
developing countries either lack vital registration 
systems altogether or have systems whose completeness 
of registration is low enough so as to severely compro
mise the accuracy of the estimates derived from them. 
Therefore, vital registration was used to derive estimates 
of mortality in childhood by sex for only a few develop
ing countries. 

Direct estimates of mortality in childhood can also be 
obtained from demographic surveys that record birth 
histories relative to women in the childbearing ages. 
Those histories comprise the date of each live birth and 
the age at death of children who have died before the 
survey. Period-specific probabilities of dying calculated 
from birth histories are based on reported deaths and 
numbers of children of a particular age exposed to the 
risk of dying during a specific period, such as the 10 
years preceding the survey. Almost all direct estimates 
based on survey data and presented in the present 
chapter are calculated in that manner.1 Although the 
calculation of cohort-specific probabilities of dying is 
more spaightforward than period measures, particularly 
when using birth history data, the cohort approach is not 
used in the present study because censoring prevents the 
calculation of mortality rates for the most recent cohort. 

Estimates of mortality in childhood derived from birth 
histories may be affected by several problems related to 
the quality of the basic data, the most important of 
which are: (a) errors in the dating of events; (b) omis
sion of events; and ( c) sampling errors. The accuracy of 
survey-based estimates can be jeopardized by the 
existence of one or more of those errors in the basic 
data For example, the estimated male to female ratio of 
infant mortality from the Cameroon Fertility Survey 
(1978) was 0.97 for 1968-1972 and 1.20 for 1973-1977, 
but with respect to child mortality the corresponding 
ratios were 1.06 and 0.92. That is, iftaken at face value 
the estimated ratios would imply that the situation in 
Cameroon changed from one in which there was excess 
female mortality under age one and excess male mortal
ity between ages 1 and 4 to a reverse situation in only 
five years. Since such changes are implausible it seems 
more likely that the estimated variations are the result 



of a combination of error patterns affecting the basic 
data. 

Among the possible errors relative to the dating of 
events, a common one results from the tendency for ages 
at death to be rounded to one year (i.e., 12 months). 
When the deaths of children who die at ages of exactly 
12 months and over are reported as occurring at exactly 
12 months, the estimates of the probabilities of dying 
before age one and at age one and over will not be 
affected. However, if respondents tend to round up to 
12 months the ages of children dying at 10 or 11 months 
then the probability of dying before age one (infant 
mortality) will be underestimated and that of dying 
between exact ages one and five (child mortality) will be 
overestimated. In an analysis of the data quality of 
the first round of Demographic and Health Surveys, 
Sullivan and others (1990) repQrt that overall, there were 
10 times as many deaths repor11ed at age 12 months than 
at ages oflO, 11, 13 or 14 mortths, and that the problem 
was particularly severe in sub-Saharan Africa. How
ever, sex differentials in infant and child mortality will 
not be seriously affected if the tendency to round up or 
down to 12 months is the same regarding male and 
female children. 

The second problem, omission of events, has generally 
more serious consequences for the estimation of sex 
differentials in childhood mortality if omission tends to 
occur selectively by sex of the child. Thus, greater 
omission of deaths of girls than of boys will bias the 
male to female sex ratios of infant and child mortality 
upwards, whereas the opposite will occur if deaths of 
boys are more prone to omission. In phase one of the 
Demographic and Health Surveys (22 countries), 
underreporting of female children who died in the 
neonatal period was detected in the cases of Botswana 
and Sri Lanka. In Trinidad and Tobago, in contrast, the 
evidence suggested that male neonatal deaths had been 
underreported (Sullivan and others, 1990). Since most 
reports on the demographic surveys used to derive 
estimates of mortality in childhood by sex include an 
evaluation of data quality, information on the likely 
errors affecting the basic data was used in assessing the 
reliability of the estimates obtained. 

Inevitably, when the basic data are derived from 
sample surveys sampling errors related to the probabilis
tic nature of the sample used will affect the estimates 
obtained. Sampling errors are inversely related to 
sample size, so that the larger the number of events 
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covered the smaller the degree of expected errors. With 
respect to the estimation of infant and child mortality, 
the number of events can be rather small, particularly if 
the estimates are calculated for short reference periods 
(i.e., less than five years in length), and consequently 
they may be subject to relatively large standard errors. 
Because deaths among children under age one are 
considerably more likely than those among children 
aged 1to4, estimates of infant mortality are expected to 
have lower standard errors than those of child mortality. 
Similarly, estimates of under-five mortality, which 
include the relatively numerous deaths of children under 
one, are expected to have lower standard errors than 
estimates of child mortality. In assessing the quality of 
estimates of mortality in childhood derived from 50 
Demographic and Health Surveys, Curtis (1995) showed 
that in most cases the relative standard error of the 
estimated infant and under-five mortality for both sexes 
over a five-year period fell within the range 0. 04 to 0. 08, 
implying that the estimates obtained were likely to under 
or overestimate mortality by a minimum of 4 per cent 
and a maximum of 8 per cent. In the case of child 
mortality, the range for the relative standard error was 
0.06 to 0.15, implying that the estimates obtained were 
likely to under or overestimate actual child mortality 
levels by a minimum of 6 per cent and a maximum of 15 
per cent. No information was provided on the likely 
range of the standard errors applicable to estimates by 
sex, but it would almost surely be wider. Expanding the 
reference period of the estimates to I 0 years would 
reduce the range of variation of the expected standard 
errors by increasing the number of events covered. That 
strategy was used to obtain the estimates from sample 
surveys presented in the present chapter. Thus, they all 
refer to the 10-year period preceding the survey. When 
the basic data were not available and only estimates 
referring to five-year periods had been published, an 
average of the two periods preceding the survey was 
used. 

Data on the number of children ever born and the 
nwnber surviving to women in the reproductive ages can 
be used to derive indirect estimates of mortality in 
childhood. The method used in the derivation of indirect 
estimates (also known as the Brass method) is described 
in detail in United Nations (1990). Since the questions 
needed to gather the basic data are straightforward a 
large number of censuses and surveys have collected the 
required data. The Brass method yields a variety of 
estimates of mortality in childhpod that can be translated 
to a single indicator using model life-tables. Use of 



under-five mortality as that indicator is recommended 
because 5q0 is robust to changes in the underlying 
mortality model. Unfortunately, infant mortality is not 
equally robust and can vary considerably according to 
the model selected. Consequently, indirect estimates do 
not provide a solid basis for the estimation of infant and 
child mortality separately, and their value for the estima
tion of sex differentials in those indicators is limited 
since the differentials obtained may in large part depend 
on the mortality models used rather than on actual 
differences between the mortality risks to which girls 
and boys are subject. 

The estimation of sex differentials in infant and child 
mortality must therefore rely primarily on direct esti
mates of mortality in childhood by sex, even though the 
latter may suffer from biases that distort the true underly
ing differentials by sex. Problems related to the quality 
of the basic data are likely to be responsible for incon
sistencies in the sex differentials of 1q0 and 4q1 detected 
either in relation to estimates yielded by a given survey 
or by different surveys referring to the same country. 
Accordingly, in order to exploit all information available 
and to maximize the reliability of the estimated sex 
differentials both direct and indirect estimates ofunder
five mortality by sex were used to adjust direct estimates 
of the components of under-five mortality, namely, infant 
and child mortality. The procedure followed to do that 
involved calculating the male to female ratio ofunder
five mortality for all estimates, whether direct or indi
rect, referring to a particular period. In practice, two 
periods were distinguished: pre-1980 and post-1980 
(i.e., one period ending on 31 December 1979 and 
another starting on I January 1980). The resulting 
ratios for a given period were then averaged to obtain a 
best estimate of the sex differential of under-five mortal
ity (denoted by BSDQ5). Then, focusing on the set of 
under-five mortality estimates for both sexes combined 
and relative to the relevant period, a best estimate 
(denoted by BQ5) was selected, taking account of the 
strengths and limitations of each of the under-five 
mortality estimates available. The average ratio BSDQ5 
was then used to derive best estimates of male and 
female under-five mortality from BQ5. 

To obtain the corresponding best estimates in terms of 
infant mortality, the male to female ratios of all direct 
estimates of infant mortality were calculated and aver
aged for a particular period, thus yielding a preliminary 
estimate of the sex differential in infant mortality, 
denoted by BSDQl •. In order to maintain the consis-
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tency of that estimate with BSDQ5, an adjusted 
BSDQ5* was calculated by averaging all male to female 
ratios of under-five mortality estimates derived using 
only direct methods and referring to the relevant period. 
Then, BSDQl *was multiplied by BSDQ5/BSDQ5* to 
yield BSDQl, the best estimate of the sex differential in 
infant mortality for the period considered. As in the case 
of under-five mortality, a best estimate of infant mortal
ity for both sexes, BQl, was obtained by considering all 
the infant mortality estimates available for the relevant 
period and assessing their likely strengths and limita
tions. Then, fmal estimates of infant mortality by sex 
were obtained from BQI by using BSDQI. Once best 
estimates of infant and under-five mortality by sex were 
obtained, estimates of child mortality were derived from 
them on the basis of equation (1) above. 

That approach to the estimation of both the sex 
differentials in infant and under-five mortality and that 
of mortality levels by sex has the advantage of making 
use of all the information available and ensuring that 
there is consistency between the estimated levels of 
under-five and infant mortality. However, in a number 
of countries only one source of data was available for a 
period, generally yielding a single set of estimates of 
infant and under-five mortality and thus making averag
ing unnecessary. Given that in most of those cases the 
data sou,ce involved was generally a survey and that 
there was no corroborative evidence on the accuracy of 
the estimates obtained, less confidence can be placed on 
them than on estimates derived from a variety of sources 
that are fairly consistent among themselves. 

In deriving the set of estimates presented in the present 
chapter, every effort was made to obtain data from each 
developing country with a population of one million or 
more in 1990. Table 27 shows a distribution of the sets 
of estimates analysed for the present study2 in tenns of 
type of source yielding each set of estimates, the type of 
estimates obtained and the area to which the estimates 
refer. In total, 254 sets of estimates were used, covering 
88 countries: 37 in Africa; 23 in Latin America and the 
Caribbean; and 28 in Asia. It is important to note that 
most data sources yield mortality estimates for more than 
one point in time. Thus, vital registration may yield 
estimates referring to several years, and indirect esti
mates derived from survey or census data usually cover 
aspanofatleast 15years. Astable27shows, thetype 
of estimates most commonly available were direct 
estimates derived from birth histories recorded by 
surveys (141 sets), whereas estimates derived from 



TABLE 27. NUMBER OF ESTIMATES OF UNDER-FIVE MORTALITY, 
BY TYPE OF ESTIMATE, MAJOR AREA AND NUMBER 

OF COUNTRIES WITH ESTIMATES 

Region 

Latin 
Type of estimate/source Africa America Asia 

Civil registration ....... 4 14 9 

Direct estimate from 64 35 42 
survey .............. 

Indirect estimates ...... 35 22 29 

Number of countries with 37 23 28 
estimates ........... 

vital registration data accounted for only 27 of the sets 
used. 

Table 28 shows the distribution by major area and 
region of countries having at least one million inhabit
ants in 1990, as well as the number of countries for 

which- reliable estimates of mortality in childhood by 
sex could be derived. Out of the 108 countries with 
populations exceeding one million in 1990, acceptable 
estimates of infant and child mortality by sex for at least 
one period could be derived for 82 countries, accounting 
for 92 per cent of the population of developing countries 
with at least one million inhabitants in 1990. Among 
those 82 countries, 34 were in Africa, 25 in Asia, and 23 
in Latin America and the Caribbean. In addition, for 52 
countries it was possible to obtain reliable estimates of 
mortality in childhood by sex for more than one period, 
thus allowing an assessment of trends. It is important to 
note that the number of countries with reliable estimates 
differs somewhat from the number of countries having 
data allowing the estimation of mortality in childhood by 
sex presented in table 27. The difference stems from the 
fact that for some countries with data the estimates 
obtained were not judged to be reliable. 

Table 29 displays the complete set of estimates of 
male and female infant, child and under-five mortality 
used in the present study, and the corresponding sex 

TABLE 28. NUMBER OF COUN1RIBS AND PERCENTAGE OF POPULATION COVERED IN STIJDY 
Number of 
countries 

with population Population Population Number of 
of more than size in Number in 1990 Percentage countries 

1 millon 1990 in covered of population with trend 
Region in 1990 (thousands) Study instutiy covered information 

Eastern Africa ................ 14 204068 10 120 699 59 4 

Middle Africa ................. 7 70014 3 16 685 24 2 

Northern Africa ............... 6 142 791 6 142 791 100 5 

Southern Africa ............... 4 41483 4 41483 100 0 

Western Africa ................ 13 178 901 11 169147 95 6 

SUBTOTAL 44 637 257 34 490 805 77 17 

Eastern Asia (excluding Japan) .. 5 1227 830 3 1 203 879 98 2 

South-central Asia ............. 13 1243 098 7 1133 756 91 5 

South-eastern Asia ............. 9 441315 7 428272 97 5 

Western Asia ................. 14 146 809 8 110 648 75 5 

SUBTOTAL 41 3 059052 25 2 876 555 94 17 

Caribbean .................... 6 31327 6 31 327 100 5 

Central America ............... 7 112 868 7 112 868 100 4 

South America ................ 10 291 816 10 291 816 100 9 

SUBTOTAL 23 436 011 23 436 011 100 18 

TOTAL 108 4132320 82 3 803 371 92 52 
Source: World Population Prospects: the 1994 Revision (United Nations publication, Sales No. E.9S.XIII,16). 
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TABLE 29. ESTIMATES OF MALE, FEMALE AND BOTH SEXES INFANT, CHILD AND UNDER-FIVE MORTALITY, AND SEX 
DIFFERBNTIALSININFANT,CHILDANDUNDER-FIVEMORTALITY,BYCOUNTRY AND DATE OF ESTIMATE 

Infant mortali!Y Child mortality Under-(iw mortality 

Both Both Both 
Country or area Date Mal• Female s- Male Female s- Male Female •-

Sub-Salwan Africa 

Eastern Africa 

Burundi................... 1982 126 

Ethiopia . . . . . . .. . . . . . .. . . . . 1974 

1982 

Kenya . . . . . . . . . . . . . . . . . . . . . 1973 96 
198S 6S 

Madagascar .. . . . .. .. .. .. .. . 1987 100 
Malawi.................... 197S 

1987 140 

Mauritius . . . . . . . . . . . . . . . .. . 197S S1 

198S 27 

Mozambique .. .. .. .. . . . . .. . 1982 

Rwanda .. .. . .. .. .. .. .. . .. . 1973 140 

1987 142 

Uganda . . . . . .. . . . .. . . . . . . . . 1983 113 

100 113 

86 91 

S6 61 

100 100 

129 13S 

4S Sl 

21 24 

123 132 

119 131 

104 109 

United Rep. ofTanzania . . . . . . 1978 124 109 117 

1983 llS lOS 110 

Zambia . . . . . . . . . . . . . . . . . . . . 1973 

1987 117 99 108 

Middle Africa 

Cameroon.................. 1973 126 116 121 

198S 97 8S 91 

Congo..................... 197S 89 

1983 73 

Central African Republic. . . . . . 1990 100 

Zitnbabwe ................. 197S 

198S 63 

Southern Africa 

Botswana . . . . . . • . . • . . . . . • . . 1982 60 

Lesotho.................... 1972 129 

Namibia .. .. .. .. .. .. .. .. .. . 1987 7S 

South Africa................ 1987 SO 

Western Africa 

Benin . .. .. .. .. .. .. .. .. . .. . 197S 143 

Burkina Faso .. .. . .. .. . .. .. . 198S 128 

Cate D'Ivoire .. .. . .. .. . .. .. . 197S l4S 

198S 89 

Ghana . .. • .. .. .. • .. .. • .. .. . 197S 113 
198S 108 

Liberia···················· 1970 187 
1980 174 

Mali .. .. . .. . .. .. .. .. .. . .. . 1982 167 

Mauritania................. 197S 114 
1983 9S 

81 8S 

63 68 

87 94 

49 S6 

43 S2 

120 12S 
64 70 

40 4S 

127 13S 

111 120 

117 131 

1S 82 

92 103 

92 100 

168 178 
137 1S6 
148 1S8 

104 109 

76 86 

74 

66 

36 

73 

99 

16 

4.3 

108 

lll 
86 

92 

8S 

82 

92 

S1 

38 

26 

40 

29 

17 

1S 

18 

24 

111 

71 

73 

40 

1S 

70 
109 
90 

127 

64 

S9 

89 

96 8S 

S9 63 

3S JS 
69 71 

91 9S 

17 17 

3.9 4 

102 lOS 

93 102 

1S 81 

87 89 

79 82 

77 80 

96 94 

69 63 

38 38 

27 27 

44 42 

30 30 

17 17 

S9 67 
2S 22 

22 23 

104 108 

79 7S 

72 72 

34 37 

73 74 

70 70 

lOS 107 
92 91 

130 128 

66 6S 

S1 S8 

190 186 188 

226 204 21S 

231 168 200 

lSS 140 148 

99 89 94 

166 162 164 

317 309 313 
22S 208 217 

72 62 67 

31 2S 28 

284 27S 280 

233 213 223 

238 201 220 

190 172 181 

20S 186 196 

190 17S 183 

179 171 17S 

189 169 179 

207 200 204 

148 147 148 

124 116 120 

97 89 93 

137 127 132 

127 113 120 

90 

76 

19S 

92 

72 

77 84 

60 68 

172 184 
87 90 

61 67 

238 218 228 

190 182 186 

207 181 194 

126 106 116 

179 1S8 169 

170 1S6 163 

276 2S6 266 
248 217 233 
273 259 266 

170 164 167 

149 129 139 

Sex differential.r 
(males per 100 (Ima/es) 

Under-
I'lfant Child flw mor-

mortality mortality tali!Y 

126 

112 

116 

100 

109 

127 

129 

114 

119 

109 

114 

110 

118 

109 

114 

110 

116 

llS 

129 

140 

108 

117 

12S 

113 

llS 

124 

119 

123 

117 

111 
127 
113 

110 

l2S 

77 

112 

103 

106 

109 

94 

110 

106 

119 

llS 

106 

108 

106 

96 

83 

100 

96 

91 

97 

100 

127 

72 

109 

107 

90 

101 

118 

103 

100 

104 
98 
98 

97 

104 

102 

111 

138 

111 

111 
102 

103 
108 

116 

124 

103 

109 

118 

110 

110 

109 

lOS 

112 

104 

101 

107 

109 

108 

112 

117 

127 

113 
106 

118 

109 

104 

114 

119 

113 

109 

108 
114 

lOS 
104 

116 



TABLB29 (continued) 

Infant mortality 

Coun'JY or area 
Both 

Date Male Female seres 

Niger . . . . . . . . . . . . . . . . . . . . . 1987 193 

Nigeria . . . . . . . . . . . . . . . . . . . . 1975 128 

1985 119 

Senegal . . . . . . . . . . . . . . . . . . . . 1973 171 

1985 119 

Togo......... . . . . . . . . . . . . . 1983 109 

Northern Africa and Western Asia 

Northen Africa 

Algeria . . . . . . . . . . . . . . . . . . . . 1975 113 

1985 84 

Egypt . . . . . . . . . . . . . . . . . . . . . 1975 139 

1985 93 

Libya . . . . . . . . . . . . . . . . . . . . . 1975 101 

Morocco . . . . . . . . . . . . . . . . . . . 1972 122 
1985 83 

Tunisia . . . . . . . . . . . . . . . . . . . . 1975 101 

1983 66 

Sudan . . . . . . . . . . . . . . . . . . . . . · 1973 109 

1985 81 

Western Asia 

Israel . . . . . . . . . . . . . . . . . . . . . 1975 24 

1985 13 

Iraq.... . . . . . . . . . . . . . . . . . . . 1973 86 

1980 

Jordan. . . . . . . . . . . . . . . . . . . . . 1970 76 

1985 39 

Kuwait . . . . . . . . . . . . . . . . . . . . 1975 39 

1983 2S 

Oman . . . . . . . . . . . . . . . . . . . . . 1978 78 

Saudi Arabia . . . . . . . . . . . . . . . 1980 

Syria...................... 1972 80 

1982 

189 191 

108 118 

113 116 
148 160 

102 111 

94 102 

109 111 

81 83 

139 139 
89 91 

99 100 

111 117 
15 19 

9S 98 

60 63 

91 100 

69 15 

20 22 

11 12 

77 82 

81 78 

41 40 

33 36 

21 23 

66 72 

80 80 

Turkey . . . . . . . . . . . . . . . . . . . . 1973 147 135 141 
1988 91 7S 83 

United Arab Emirates . . . . . . . . 1980 

Yemen . . . . . . . . . . . . . . . . . . . . 1975 165 146 156 
1987 106 90 98 

East and South-eastern Asia 

Eastern Asia 

China . . . . . . . . . . . . . . . . . . . . . 1985 36 

Hong Kong................. 1975 l!i 

1985 8.!i 
Republic of Korea . . . . . . . . . . . 1973 38 

'1983 14 

34 3S 
12 14 

7.!i 8 
32 3S 
12 13 

Child mortality 

Both 
Male Female seres 

148 171 159 

91 90 91 

94 80 87 

127 137 132 

84 81 82 

65 80 72 

62 

32 

70 

38 

so 
69 

28 

4S 

25 

69 

48 

4.3 

2.1 

67 64 

34 33 

90 80 

46 42 
53 Sl 
77 72 

31 29 

48 47 

25 25 

71 70 

45 46 

3.9 

2.0 

4 

2 
38 34 36 

33 34 34 

10.!i 10.3 10 

8.S 8.1 8 

S.8 4.5 S 

29 40 34 

33 39 36 

47 

2S 

113 
41 

7.7 

3.2 

1.1 

90 

9 

2 

60 S4 

23 24 

124 118 

48 44 

8.9 

2.9 

1.0 
9 

2 

8 

3 

9 

2 

Under-five mortality 

Both 
Male Female seres 

313 328 320 

207 188 198 

202 184 193 
277 265 271 

193 175 184 

167 167 167 

168 168 168 

113 113 113 

200 217 208 

127 131 129 

146 146 146 

183 179 181 

109 103 106 

141 139 140 

89 83 86 

170 156 163 

125 111 118 

28 

lS 
24 26 

13 14 

121 109 llS 

97 87 92 

106 112 109 

49 Sl SO 
47 41 44 

31 25 28 

lOS 103 104 

89 76 83 

111 116 113 

68 60 64 

187 187 187 

113 96 lOS 
33 26 30 

259 252 256 

142 133 138 

43 

19 

10 
47 

16 

43 43 

lS 17 

8 9 

41 44 

14 IS 

Ser differentials 
(males p1r 100 (emaks} 

Under-
Infant Child five mor-

mortality mortality tality 

102 

119 

lOS 
116 

117 

116 

104 

104 

100 

104 

102 

110 

111 

106 

110 

120 

117 

120 

118 

112 

94 

9S 
118 

119 

118 

100 

109 

121 

113 
118 

106 

125 

113 
119 

117 

87 

101 

117 
93 

104 

81 

93 

94 

78 

83 

94 

90 

90 

94 

100 

97 

107 

110 

lOS 
112 

97 

102 

lOS 
129 

73 

8S 

78 

109 

91 

8S 

87 

110 

110 
100 

100 

9S 

110 

110 

lOS 
110 

100 

100 

100 

92 

97 

100 

102 

106 

101 

107 

109 

113 

117 

llS 

111 

111 

9S 
96 

llS 

124 

102 

117 

96 

113 

100 

118 

127 

103 
107 

100 

127 

125 
llS 

114 



TABLB29(conllnued) 

lllfant mortality Child 1110rtalltr 
Scc dtffenntlab 

(lfftlla er 100 f!maluJ 
UnMr-

Both Both Both l'lfimt Child jiw _,,_ 
C011n'7 or ar111 Datl Mar. FtllllW - Malt FtllllW - Malt FtllllW - lllOl'tali!)' llllOrtali!)' tali!)' 

South-eastern Alia 
Indonesia . . . .. .. . . . . . . . . . . . 1970 120 

1987 78 

Malaysia . . . . . . . . . . . . . . . . . . 197' 36 
l98S 19 

Myanmar . . . . . . . . . . . . . . . . . . 1982 99 

Philippines . . . . . . . .. . . . . . . . . 1973 63 
1988 S6 

Singapore .. • • • . . . . .. . • . . . . . 197' 17 
l98S 10 

Thailand . • • • . • . . . . . . • • . . . . . 1972 llO 
l98S 40 

Viet Nam.................. l98S 40 
South-cenlral Alia 

Afghanistan •........••..... 

Bangladesh ................ . 

Bhutan ................... . 

India •....•••••......••.... 

Nepal .......•............. 

1978 21S 
1970 IS8 

l98S 126 

1983 lll 

1977 116 
198, 99 

1970 lS7 

l98S llO 

Pakistan . . . . . . . . . . . . . . . . . . . 197' ll4 
l98S 106 

Sri Lanka . • • . . . . . . . . . • . . • . . 197' '1 

Latin America and tho Caribbean 

Caribbean 

l98S 29 

Cuba...................... 197' 31 

l98S 17 

Dominican Republic . . . . . . . . . 1970 l 00 
1983 77 

Haiti . . . . . . . . . . . . . . . . . . . . . . 1970 IS8 
1987 121 

Jamaica . • • . . . • . . • • . . . . . • • . 1970 S3 

Puerto Rico . . . . . . . . . . . . . . . . 1972 30 
198S 17 

Trinidad and Tobago......... 1972 SI 
l98S 31 

Central America 
Costa Rica . . . . . • . . . . . . . . . . . 1972 S6 

19115 20 

El Salvador . . . . . . . . • . . . . . . . 1980 97 
<luatenlala ..........•...... l97S 113 

198S 86 

Honduru . . . . . . . .. . . . . . . . . . 1978 92 

91 106 

64 7l 
28 32 
IS 17 
77 88 

S4 S9 

42 49 

12 IS 
8 9 

90 100 
33 37 
34 37 

203 209 
132 l4S 

106 116 
103 107 

124 120 

91 98 

ISi IS4 

104 107 
IOI 108 
91 99 

41 46 

21 2S 

2S 28 

13 IS 

84 92 
SS 66 

141 ISO 

9S 108 
43 48 
22 26 

13 IS 
41 46 

23 27 

44 so 
16 Ill 

82 90 

97 IOS 
70 78 
70 81 

91 

87 

44 

68 77 
43 43 

13 12 12 
6.3 S.9 6 

46 3S 41 
19 22 20 

IS 16 16 

l.9 2.2 2 
1.0 1.0 

68 72 70 
8.9 7.7 8 
IS 16 16 

128 
101 

61 

79 

72 

41 
87 

46 

S4 

47 

21 
7.0 

6.4 

2.2 

46 

17 
80 

S3 
16 

S.7 
2.2 

8.6 

4.2 

130 129 
ll9 llO 

80 70 

80 80 

81 76 

S7 49 

9S 91 

S9 S3 

67 61 

S2 SO 
23 22 
7.3 7 

S.9 6 

1.9 2 

38 42 

22 19 
96 88 
S7 SS 

IS 16 
4.6 s 
1.8 2 
8.2 8 

4.0 4 

16 16 
3.3 2.11 3 

41 44 43 
49 S6 S3 

31 
34 

36 34 
36 3S 

196 IS3 17' 

ll8 104 lll 
48 40 44 

2S 21 23 
140 109 12S 

81 7S 78 

70 S7 64 

19 IS 17 
11 9 10 

170 ISS 163 
49 41 4S 
SS 49 S2 

31S 
243 
179 

181 

179 

137 

231 

m 
162 
149 
71 
36 

306 3ll 
23S 239 

177 178 

17' 178 
19, 187 

148 142 

231 231 
IS8 IS4 

162 162 
139 144 
63 67 
28 32 

37 30 34 

19 IS 17 

141 119 130 

93 7' 84 
226 224 22S 
167 147 lS7 

69 S7 63 
3, 26 31 

19 IS 17 
S9 49 S4 

3S 27 31 

7l 
23 111 21 

13S 123 129 
IS6 148 IS2 
114 104 109 
123 103 113 

132 
122 
129 
127 

129 

ll7 

133 

142 

12S 

122 
121 
ll8 

106 
120 

ll9 
108 

94 

102 
104 

106 

ll3 
ll6 

124 
138 

124 

131 

ll9 

140 
ll2 

127 
123 
136 
131 
124 

13S 

127 
125 

ll8 
ll6 
123 
131 

128 

102 
108 
107 

131 

86 

94 

86 
100 

94 

ll6 
94 

98 
8S 

76 

99 

89 

72 

92 

78 

81 
90 
91 
96 

108 

ll6 

121 

77 
83 
93 

107 
124 
122 
lOS 
lOS 

94 
1111 

93 
88 
86 

94 

128 

ll3 
120 
ll9 

128 
108 

123 

127 

122 
llO 
120 

ll2 

103 
103 

101 
103 
92 

93 

100 

96 

100 
107 
ll3 
129 

123 
127 

ll8 
124 
101 

ll4 

121 
13S 
127 

120 
130 

120 
1211 

llO 
lOS 
llO 
ll9 



TABLE 29 (continued) 

Infant mortali!v Child mortali!v Under-five mortality 
Sex differentials 

(males per 100 (emales) 

Under-
Both Both Both Infant Child five mor-

Country or area Date Male Female sexes Male Female sexes Male Female sexes mortality mortality tality 

Mexico.................... 1975 76 62 69 

1983 58 50 54 

Nicaragua . . . . . . . . . . . . . . . . . 1980 103 83 93 

Panama . . . . . . . . . . . . . . . . . . . 1975 44 34 39 

1985 22 18 20 

South America 

Argentina . . . . . . . . . . . . . . . . . . 1970 63 53 58 

1985 31 25 28 

Bolivia .. .. . .. . . . . . .. .. . . . . 1970 
1987 103 86 95 

Brazil .. .. .. . . .. .. .. . .. .. .. 1977 86 65 76 
1985 71 54 63 

Chile...................... 1972 73 62 68 

1985 21 17 19 

Colombia . . . . . . . . . . . . . . . . . . 1972 72 58 65 

1983 35 33 34 

Ecuador . . . . . . . . . . . . . . . . . . . 1975 82 70 76 

1985 48 40 44 

Paraguay . . . . . . . . . . . . . . . . . . 1975 54 52 53 

1985 42 36 39 

Peru .. .. . . . . .. .. . .. .. . .. .. 1973 118 104 111 

1985 77 66 72 

Uruguay................... 1975 52 42 47 

198.5 31 25 28 

Venezuela . . . . . . . . . . . . . . . . . 1975 51 41 46 

1985 29 23 26 

27 

19 

48 

16 

4.0 

13 

3.1 

46 

30 

19 

17 

2.2 

38 

15 

46 

21 

21 

29 28 

19 19 

40 44 

15 16 

4.1 4 

13 13 

3.1 3 

43 44 

24 27 
16 17 

15 16 

1.8 2 

29 39 

12 13 

50 48 

20 21 

15 18 

8.2 10.6 9 

67 63 65 

30 32 31 

7.7 6.9 7 

4.3 3.9 4 

13.6 13.7 14 

4.1 4.1 4 

101 89 95 

75 68 72 

146 120 133 

59 48 54 

26 

75 

34 

22 24 

65 70 

28 31 

260 225 243 
144 125 135 

113 88 101 

89 69 79 

90 76 83 

23 19 21 

107 95 101 

49 44 47 

123 116 120 

69 59 64 

73 66 70 

50 

177 

105 

59 

35 

64 

33 

46 48 

160 169 

97 101 

49 54 

28 32 

54 59 

27 30 

123 

116 

124 

129 

122 

119 
124 

120 

132 

131 

118 

124 

124 

106 

117 

120 

104 

117 

113 

117 

124 

124 

124 

126 

93 

100 

120 

107 

98 

100 

100 

107 

125 

119 

113 

122 

131 

125 

92 

105 

140 

77 

106 

94 

116 

110 

99 

100 

113 

110 

122 

123 

118 

115 

121 

116 
ll5 

128 

129 

118 

121 

113 

111 

106 

117 

111 

109 

111 

108 

120 

125 

119 

122 

Sourou: United Nations database on mortality in childhood by sex: Afiica, database POP/lB/DB/95/2; ibid, Latin America and the Caribbean, database POP/lB/DB/96/1; 
ibid, Asia, database POP/IB/DB/96/2. 

differentials expressed as the male to female ratio for 
each of the childhood mortality estimates presented. The 
countries with estimates available are listed by region in 
table 29. Given that some regions have only a small 
number of countries with estimates, in the subsequent 
analysis countries have been grouped into larger areas, 
namely: (a) sub-Saharan Africa; (b) Northern Africa and 
Western Asia; (c) Eastern and South-eastern Asia; (d) 
South-central Asia; and (e) Latin America and the 
Caribbean. The countries included in each of those 
areas are listed in table 29. 
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B. SEX DIFFERENTIALS IN MORTALITY 

Sex differentials are usually measured on the basis of 
the ratio of the male to the female probability of dying 
multiplied by 100. Note that such a ratio reflects only 
the relative risks of dying to which male and female 
children are subject, while saying nothing about the 
magnitude of those risks. Thus, whereas China and 
India have sex differentials in child mortality of 87 and 
72 male deaths per 100 female deaths, respectively, in 
1985, in India children aged I to 4 experienced a proba-



bility of dying of 49 per 1,000, whereas in China chil
dren in the same age group were subject to consider
ably lower risks of death (8 deaths per 1,000). Conse- · 
quently, the absolute difference in the risks of dying 
between male and female children aged 1 to 4 was 
considerably higher in India (16 deaths per 1,000) than 
in China (1.2 deaths per 1,000) in 1985, a fact that the 
sex differential as normally measured would not reflect. 

When mortality under age five is low, sex differentials 
in child mortality become erratic since relatively small 
absolute differences between the male and female 
probabilities of dying between exact ages one and five 
often result in large sex differentials. For example, in 
Kuwait in 1985 male child mortality was 6 per 1,000 
and that of females was 4, giving a sex differential of 
150 male deaths per 100 female deaths. Another 
problem encountered was that rounding of male and 
female mortality probabilities of dying to single digits 
often gave a ratio of 100 at very low levels of child 
mortality. For example, in Hong Kong in 1975, male 
child mortality was 3.2 per 1,000 and tha~f females 
was 2.9 per 1,000. The sex differential using the 
rounded figures is 100 whereas that usin male and 
female mortality to one decimal place was 11 . In order 
to overcome those problems, male and femal probabili
ties of dying are presented to one decimal plife in those 
instances where the level of child mortalitty of both 
sexes was 10 or lower. 

Given that most deaths under age five occut during the 
first year of life, sex differentials in infant mortality tend 
to be similar to those in under-five mortality. Therefore, 
when considering sex differentials during the first five 
years of life it is important to focus sepamely on the 
first and the subsequent four years of life. The fact that 
mortality under one year of age is more likely to be 
influenced by endogenous factors than by exogeneous 
ones and that child mortality (i.e., mortality between 
exact ages 1 and 5) is more sensitive to exogenous 
factors than to endogeneous factors also validates such 
distinction. Consequently, in what follows attention will 
mostly be focused on the sex differentials in infant and 
child mortality considered separately. 

Two different approaches will be used to' summarize 
the findings at the overall and regional levels. The first 
will rely on the characteristics of the distribution of 
countries according to their estimated sex di1;'ferentials in 
mortality. Countries having estimates of th~ sex differ
entials for two different periods (before ~d after 1 
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Janwuy 1980) are assigned only one value by averaging 
the estimates obtained for each period. The shape of a 
distribution can be assessed on the basis of five different 
indicators: the median, as a measure of centrality; the 
upper and lower quartiles, as indicators of the range over 
which the central part of the distribution lies; and the 
extremes of the distribution, indicating its absolute 
range. 3 Those indicators of the shape of a distribution 
assign equal weight to each observation. Whe~ in 
the case of the sex differentials of mortality in child
hood-the observations refer to the sex differentials 
estimated for different countries, the relative importance 
of each observation depends on the number of births that 
a country has in relation to the overall or regional total. 
Consequently, in order to take into account the relative 
importance of the different countries for which estimates 
are available it is useful to consider as well the regional 
and overall average of the sex differentials in mortality 
derived from weighted estimates of the mortality indica
tors. In particular, estimates of 1q0 and 5q0 by sex at the 
country level are weighted by the estimated number of 
births by sex for a given country over the relevant 
period, and are used to derive regional weighted aver
ages of those measures. The corresponding values of lli 
by sex are then derived from the weighted averages of 1q0 

and 5q0 on the basis of equation (1) above, and sex 
differentials at the regional level are calculated for each 
indicator. Those sex differentials will be referred to as 
the appropriately weighted average sex differentials, 
tho~ing ratios of the weighted averages of 1q°' 4q1 

and ~0-they are not themselves weighted averages. 
Table 30 displays both the median of the distribution of 
the sex differentials in each mortality indicator (1q0, 4q1 

and ~J, and the appropriately weighted sex differentials 
for each major region and for all developing countries 
with estimates available. The equivalent measures of 
centrality are also provided for all developing countries 
with estimates available but excluding China and India 
so as to ascertain the impact that those large countries 
have on the overall average. 

Table 30 shows that when the distribution of all the 
developing countries with estimates available is consid
ered, the median of the sex differentials in infant mortal
ity stands at 118 male deaths per 100 female deaths, 
whereas that for sex differentials in child mortality ~q1) 
stands at 100 male deaths per 100 female deaths. 
Figures 9 and 10 present a graphic display of the distri
bution of the sex differentials in infant and child mortal
ity by region. The box plots shown in those figures 
indicate, for each distribution, the location of the median 



TABLE 30. MEDIAN AND WBIGHI'BD AVBRAGB SEXDIFFBRBNTIALS, BY REGIONAL GROUPS 

Median rat101 Weighted awrage rat101 

JqO 4ql 5q0 lqO 4ql 5q0 

Sub-Saharan Africa ............................ 116 101 109 113 103 109 
Northern Africa and Western Asia ................ 111 93 104 109 89 102 
East and South-eastern Asia ... ····· ............. 123 104 117 115 98 110 
South-ccntralAsia ............................. 108 86 103 102 84 95 
Latin America ......... ······ ........... ······ 123 105 119 124 101 117 

All .......................................... 118 100 110 108 91 102 
All (excluding China and India) ................... 117 97 109 

Sourcu. Table 29; llld United Nat1on1 databa1e on mortality in childhood by 1ex: Africa, databa1e POP/l.B/DBf9.S/2; ibid., Latin America and 
the Caribbean, databa1e POP/l.B/DR/96/1; ibid, Aila, databale POP/l.B/DBf96/2. 

Figure 9. Sex difl'enntlals ht htfant mortaBty, by region and total 
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Figure 10. Sex differ.mntials in child mortality, by region and total 
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(the horizontal line within the central box), e quartiles 
(the horizontal limits of the central bo ) and the 
extremes of the distribution (the ends of e vertical 
lines extending beyond the central box or th individual 
points just above or below them if outliers xist). It is 
clear from figure 9 that in the majority of the developing 
countries considered, male children are m re likely to 
die in infancy (i.e., before one year of age) an female 
children. Indeed, in sub-Saharan Africa, tern and 
South-eastern Asia, and Latin Ameri and the 
Caribbean, there is no case of a country in ·ch female 
children are more likely to die in infanc than male 
children, and in only one country ofNorthe Africa and 
Western Asia (Jordan) and one country of S uth-central 
Asia (India) are female infants subject to h"gher proba-
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bilities of dying than their male counterparts (see table 
29). In contrast, as figure 10 shows, in half the 
countries covered by the present study female children 
aged 1 to 4 are more likely to die than their male 
counterparts; those countries include all countries in 
South-central Asia, nearly three-quarters in Northern 
Africa and Western Asia, a little less than half in sub
Saharan Africa, and somewhat less than half in Eastern 
and South-eastern Asia and Latin America. 

As expected, the sex differentials relative to under-five 
mortality display regional patterns that are very similar 
to those detected with respect to infant mortality since 
most deaths under the age of five occur during the first 
year oflife. As figure 11 shows, in most countries male 



Figure 11. Sex difl'erentlals in under-ftve mortality, by region and total 
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children under the age of 5 are subject to higher risks of 
dying than female children. Notable exceptions include 
the Niger in sub-Saharan Africa, Egypt and Jordan in 
Northem Africa and Western Asia, and India and Nepal 
in South-central Asia. 

A better assessment of the regional impact of existing 
sex differentials in child mortality can be obtained by 
considering the appropriately weighted sex differentials 
presented in table 27. For infant mortality, the overall 
average sex differential is smaller than the median of the 
distribution-I 08 versus 118 male per 100 female 
deaths-indicating that the weight of countries where 
female mortality is closer to male mortality levels is 
higher than that of countries where male mortality 
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surpasses female mortality by wide margins. With 
respect to child mortality, the average sex differential is 
again lower than the median-91 vs. 100 male deaths 
per 100 female deaths-indicating again that countries 
in which female mortality exceeds male mortality have 
higher weights than other countries. The same holds 
true for sex differentials in under-five mortality, whose 
appropriately weighted average is 102 male deaths per 
100 female deaths as compared to a median value of 
110. Because the average sex differentials for all 
developing countries is greatly influenced by the sex 
diffen::ntials in China and India-which together account 
for 53 per cent of the total number of births in the 82 
countries under study-appropriately weighted averages 
were also calculated excluding those countries. As 



table 30 shows, the average sex differentials th 
China and India differ little from the medi 
indicating that among the remaining countries o single 
one exerts undue influence on the overall to . 

At. the regional level, the greatest difference between 
the median values and the appropriately weighted 
average sex differentials are found in Eastern d South
eastern Asia, in South-central Asia, and t a lesser 
extent in Northern Africa and Western Asia. the two 
first regions, the major difference is between e median 
and the average sex differentials in infant mo 
China and India, respectively, exert a dispr ortionate 
influence. In Northern Africa and Western Asia, the 
major difference arises with respect to the m ·an and 
the average sex differential in child mortality, d Egypt 
is probably the country exerting a major ownward 
influence. In most cases, the median values are larger 
than the corresponding average sex differ · als, sug
gesting that countries where sex differentials · mortality 
are lower have higher weights. In general, t set of 
estimates shows that countries where girls are subject to 
relatively high risks of dying in relation to th se experi
enced by boys exert considerable influence t both the 
regional and the overall level. That is, not o y are the 
numbers of countries exhibiting higher level of female 
than male child mortality numerous but they o tend to 
include rather populous countries that driv down the 
average sex differentials at the regional d overall 
levels. 

In tenns of general patterns of excess mo ity of one 
sex over the other, the appropriately weigh d average 
sex differentials confirm the general observa · ons made 
above with respect to the distribution of the s x differen
tials by region. With respect to infant mo ity, male 
children tend to be subject to higher mo ity than 
female children, though the excess mal mortality 
recorded in Northern Africa and Western Asia, and 
especially in South-central Asia, is on th low side 
(surpassing equality by less than 10 per t). With 
respect to child mortality, the average sex · erentials 
indicate that female children are subject to · gher risks 
of death than male children in Northern ·ca and 
Western Asia, Eastern and South-eastern Asia, and 
South-central Asia. In the two other regio , although 
male children experience excess mortality, eir disad
vantage is not large. In terms of at least a 10 per cent 
excess in mortality, female children aged 1 to 4 are 
clearly disadvantaged only in Northern ·ca and 
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Western Asia, and in South~tral Asia. Those two 
regions can also be singled out as special in tenns of 
appropriately weighted average sex differentials in 
Wlde.r-five mortality since the latter indicate that excess 
female mortality prevails in South-central Asia among 
all children under the age of five, and that excess male 
mortality is very low in Northern Africa and Western 
Asia among the same group of children. 

Although the present analysis of the available esti
mates at the regional level permits establishing the 
extent to which excess female mortality is present over 
large geographical areas, it is important to consider as 
well the country-level estimates to ascertain whether 
other patterns can be detected. In sub-Saharan Africa, 
out of the 28 countries with estimates available, 12 show 
excess female child mortality-Burkina Faso, Burundi, 
Cameroon, the Central African Republic, the Congo, 
Mali, Mauritius, Namibia, the Niger, Senegal, Togo 
and Zimbabwe. Child mortality among girls is at least 
10 per cent higher than that among boys in half of those 
countries-Burkina Faso, Burundi, Cameroon, Namibia, 
the Niger and Togo. Although estimates for five of 
those six countries are derived from a single survey in 
each case, the fact that they show relatively large sex 
differentials in favour of boys makes it unlikely that the 
estimated excess female mortality may be produced by 
spurious random variation. For Cameroon, more than 
one source was used in the derivati~n of estimates, and 
consequently the estimated sex differential is likely to be 
more reliable. Though the sub-Saharan countries 
experiencing excess female mortality over ages 1 to 4 do 
not seem to conform to a specific pattern, they tend to 
cluster in Western Africa (Burkina Faso, Mali, the 
Niger, Senegal and Togo) and in Middle Africa (Camer
oon, the Central African Republic and the Congo). 

In Latin America and the Caribbean, 8 of the 23 
countries with estimates available experienced excess 
female child mortality-Costa Rica, Ecuador, El Salva
dor, Guatemala, Haiti, Honduras, Mexico and Vene
zuela. Only in two of them, Guatemala and Haiti, did 
mortality among girls aged 1 to 4 exceed that of boys in 
the same age group by more than 10 per cent. Both of 
those countries are among the group experiencing the 
highest mortality levels in the region. In all other cases, 
the estimated excess female child mortality was moder
ate (about 5 per cent). Interestingly, most of the coun
tries displaying such excess mortality are located in the 
Central American region. 



In Eastern and South-eastern Asia, only 4 countries 
out of a total of 10 with estimates available showed 
excess female child mortality-China, the Philippines, 
Thailand and Viet Nam-and they varied considerably 
in the extent of the estimated excess. In both China and 
the Philippines, mortality among girls aged 1 to 4 
exceeded that among boys by well over 10 per cent, 
whereas the excess in Thailand or Viet Nam was closer 
to 5 per cent. 

As already noted, countries in Northern Africa and 
Western Asia have traditionally been considered to 
experience excess female child mortality. However, the 
estimates of sex differentials for countries in that region 
show that only Egypt, Oman, Syria and Turkey have 
female child mortality levels that exceed those of males 
by more than 10 per cent. In addition, out of the 14 
countries in the region with data available, 4 did not 
show female child mortality levels exceeding those of 
males-Iraq, Israel, Kuwait and the Sudan. 

South-central Asia has also been a region where 
excess female child mortality has been known to be 
common. According to the present estimates, all the 
seven countries of South-central Asia with data available 
showed higher mortality among girls aged 1 to 4 than 
among boys. Furthermore, in Bangladesh, India, Nepal 
and Pakistan, female child mortality exceeded that 
among males by over 10 per cent. 

In conclusion, the comprehensive set of estimates 
presented in the present chapter confirms that the 
number of countries in which girls aged 1 to 4 are 
subjectto higher mortality risks than boys is large and 
comprises at least half of those with estimates available. 
Countries in regions that have been traditionally associ
ated with higher mortality risks among girls than among 
boys were generally found to conform to that pattern. 
Thus, all the countries of South-central Asia included in 
the study and the majority of countries in Northern 
Africa and Western Asia were found to have higher 
levels of female child mortality than male child mortal
ity. Similarly, China was found to experience relatively 
high excess female child mortality. In the rest of Eastern 
and South-eastern Asia, however, relatively few coun
tries were found to experience excess female child 
mortality. In Latin America and the Caribbean, a 
pattern of moderate levels of excess female child mortal
ity was detected in a number of Central American 
countries, including Mexico; in sub-Saharan Africa a 
number of countries, particularly in Western and Middle 

98 

Africa, were found to experience moderate to high 
levels of excess child mortality. 

With respect to sex differentials in infant mortality, 
although only two countries-India and Jordan--dis
played a level offemale infant mortality higher than that 
of males, the existence of some degree of excess female 
mortality that reduces the "standard" or "expected" male 
disadvantage during the first year of life cannot be ruled 
out. There is, however, no agreed upon way of estab
lishing a valid standard for all countries, and conse
quently the degree of excess female mortality cannot be 
properly ascertained. It is revealing, however, that in 
table 30 the appropriately weighted averages of the sex 
differentials for the regions most likely to experience 
some degree of excess female mortality in infancy
South-central Asia, and Northern Africa and Western 
Asia-were 102 and 109, respectively. 

1. Sex differentials and level of mortality 

An important question regarding sex differentials in 
mortality in childhood is whether they follow a specific 
pattern in relation to the level of mortality to which a 
population is subject. Would one expect, for instance, 
that sex differentials increase as overall mortality levels 
decline? In order to attempt to answer that question the 
estimated sex differentials in infant and child mortality 
have been related to the level of under-five mortality for 
both sexes combined. The estimates available for each 
of the 82 countries included in the previous analysis are 
used here with a small variant. Countries having 
estimates referring to the 1970s and the 1980s are 
entered twice, thus resulting in a total of 134 observa
tions. Figure 12 shows a plot of the sex differentials in 
infant mortality against the level of under-five mortality 
for both sexes for all 134 cases taken together. The 
relation between the two variables is negative and 
significant, having a correlation coefficient of -0.46, 
suggesting that as the level of mortality declines the sex 
differential increases, that is, the tendency towards a 
male disadvantage rises. However, similar plots for 
each of the five regional groups shown in figures 13 to 
17 reveal that the relationship between the sex differen
tials in infant mortality and the level of under-five 
mortality for both sexes is not as strong in Northern 
Africa and Western Asia, and in Eastern and South
eastern Asia as in the other three regions. 

The different panels of figure 18 show similar plots 
for the sex differentials in child mortality against the 



Figure 12. Ratio of male to femal1 infant mortality, by level of under-five mortality for both sexes 
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under-five mortality level for both sexes. The relation 
between the two variables is negative and significant, 
although the correlation coefficient is only -0.25. Such 
a low correlation coefficient indicates a wide scatter of 
points around the regression line. It appears that a wide 
range of sex differentials can coexist with similar 
mortality levels, although the overall tendency is towards 
increasing sex differentials as overall levels of mortality 
decline. Consequently, a reduction of mortality is not 
per se a guarantee that the mortality levels of girls will 
fall faster than those of boys. The plots for each of the 
regions show that only in Northern Africa and Western 
Asia is the relationship between sex differentials in child 
mortality and the level of under-five mortality of both 
sexes strong and negative (figures 19-23). In Latin 
America, although the relationship is significant at the 
S per cent level there appears to be a lot of variation in 
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sex differentials for any given level of under-five mortal
ity. In the other three regions, a relationship is virtually 
non-existent It thus appears that whereas conditions 
leading to declines in overall levels of mortality depend 
on the particular socio-economic situation of each coun
try, the conditions leading to high mortality among 
female children relative to that of male children depend 
on cultural and behavioural norms that favour one sex 
over the other, and that may tend to persist independ
ently of changes in the socio-economic situation. It may 
be expected, however, that as the process of develop
ment advances, the cultural and behavioural norms 
underlying the existence of excess female child mortal
ity may weaken. Since declining mortality, particularly 
at the younger ages, is a close correlate of development, 
reductions of mortality over the first years of life are 
likely to be associated with rising sex differentials in 



Figure 13. Infant mortality sex differentials, by level of 
under-five mortality: sub-Saharan Africa 
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Figure 15. Infant mortality sex differentials, by level of 
under-five mortality: Eastern and South-eastern Asia 
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Figure 14. Infant mortality sex differentials, by level of 
under-five mortality: Northern Africa and Western Asia 
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Figure 16. Infant mortality sex differentials, by level of 
under-five mortality: South-central Asia 
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Figure 17. Infant mortality sex differentials, by level of 
under-five mortality: Latin America and the Caribbean 
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Figure 18. Ratio of male to female child mortality, by level of under-five mortality for both sexes 
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child mortality, as experienced in Northern and Western 
Asia and to a lesser extent in Latin America. In that 
respect, South-central Asia represents a deviant case 
where declines in the level of under-five mortality of 
both sexes have not been accompanied by increases in 
the sex differentials of child mortality; if anything, the 
plight of girls in most countries of that region has 
worsened relative to that of boys. 

The above evidence, though far from conclusive, does 
suggest that there is some relation between changes in 
mortality levels and the direction in which sex differen
tials in child mortality are likely to move. A more 
detailed assessment of country experiences is provided 
below by analysing trends in the sex differentials in 
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mortality in childhood for all those countries with data 
for two periods. 

2. Trends in sex differentials in 
mortality in childhood 

As already mentioned, for 52 countries the data 
available allow the estimation of sex differentials in 
infant, child and under-five mortality for two periods: 
before 1 January 1980 (the 1970s) and as ofl January 
1980 (the 1980s). At the regional level, trends in the 
sex differentials of mortality in childhood can be ascer
tained for 12 countries in sub-Saharan Africa; 10 in 
Northern Africa and Western Asia; 7 in Eastern and 
South-eastern Asia; 5 in South-central Asia; and 18 in 



Figure 19. Child mortality sex differentials, by level 
of under-five mortality: sub-Saharan Africa 
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Figure 21; Child mortality sex differentials, by level of 
under-five mortality: Eastern and South-eastern Asia 
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Figure 20. Child mortality sex differentials, by level of 
under-five mortality: Northern Africa and Western Asia 
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Figure 22. Child mortality sex difrerentiaJs, by level of 
under-five mortality: South-central Asia 
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Figure 23. Child mortality sex differentials, by level of 
under-five mortality: Latin America and the Caribbean 
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Latin America and the Caribbean. The 52 countries 
concerned accounted for 59 per cent of all births in 
developing countries in 1985. China was not included 
in that group because it lacked data relative to the 
1970s. 

In all 52 countries, the levels of mortality in childhood 
declined between the 1970s and the 1980s. Yet not all 
of them recorded an increase in the sex differentials of 
mortality in childhood. With respect to child mortality 
in particular, although in 31 of the 5 2 countries the sex 
differentials increased or remained unchanged (as they 
did in 5 countries), in 21 a decline was noticeable, 
including 9 in Latin America and the Can'bbean; 5 in 
sub-Saharan Africa; 3 in South-central Asia; 2 in 
Eastern. and South-eastern. Asia and 2 in Northern Africa 
and W estem Asia (see table 31 ). Declining sex differen
tials in child mortality imply that in relative terms, the 
risks of dying among girls did not decline as much as 
those of boys from one decade to the next. However, not 
all countries experiencing a decline in the sex differen
tials in child mortality can be characterized as having 
excess female child mortality over ages 1 to 4. In Latin 
America and the Caribbean, for instance, among the 9 
countries experiencing a decline in the sex differentials 
in child mortality, only four (the Dominican Republic, 
Panama, Paraguay and Peru) saw their sex differentials 
decline from values above 100 in the 1970s to values 
below 100 in the 1980s. Among the rest, in four 
(Brazil, Colombia, Puerto Rico and Uruguay) the 
decline was from sex differentials that implied a male 
disadvantage in the 1970s to ones where the probability 
of survival for boys was still higher than that for girls. 
Latin America, as observed in the previous section, is 
one of the two regions in which a negative relationship 
between the level of mortality and sex differentials in 
child mortality was evident. Thus, the trends for the 9 
countries that show declining sex differentials as mortal
ity declines is puzzling. One possible explanation is 
that some of those countries (Panama, Paraguay, Puerto 
Rico and Uruguay) were characterized by very low levels 
of child mortality because small changes in the absolute 
levels of mortality of boys and girls result in large 
variations in the estimated sex differential. 

Given that South-central Asia and Northern Africa 
and Western Asia are the regions in which excess female 
child mortality has been most evident, it is of interest to 
consider changes over time in those regions. Among the 
5 countries of South-central Asia with trend data, all had 
sex differentials in child mortality below I 00 in the 
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1970s, indicating the existence of excess female child 
mortality, and in 3 of the 5-Bangladesh, India and 
Nepal-the situation of girls relative to that of boys had 
worsened. Even among the two countries in which the 
situation of girls had improved-Pakistan and Sri 
Lanka-excess female child mortality was still evident 
in the 1980s. In contrast, in Northern Africa and 
Western. Asia there was a clear trend towards the reduc
tion of mortality risks among girls relative to those of 
boys and towards a disappearance of excess female child 
mortality. Thus, whereas among the 10 countries in the 
region with data on trends 8 showed sex differentials in 
child mortality that were I 00 or lower in the 1970s, four 
of them had sex differentials of I 00 or higher during the 
1980s. In addition, among 7 countries the sex differen
tials had increased between the 1970s and the 1980s, 
although in Algeria, Egypt and Morocco excess female 
child mortality still prevailed during the most recent 
period. A notable exception to the general trend was 
Yemen, where the situation of girls had worsened 
between the two decades. 

To ascertain the overall impact of changes in the sex 
differentials of childhood mortality at the regional level, 
the appropriately weighted average sex differentials were 
calculated for each period and are shown in table 32. 
With respect to infant mortality, the average sex differ
ential increased at the overall level and for the two 
regions where excess female mortality was more com
mon, namely, Northern Africa and Western Asia, and 
South-central Asia. In the other regions, the average sex 
differential in infant mortality tended to decline slightly 
or remained unchanged. At the overall level, the inclu
sion of India had a major effect; excluding India, the 
average sex differential declined slightly between the 
1970s and the 1980s. 

With respect to child mortality, the overall average sex 
differential declined from 93 male deaths per I 00 female 
deaths in the 1970s to 88 in the 1980s, indicating an 
overall worsening of the situation of girls aged I to 4 
with respect to their male counterparts. That worsening 
trend was mainly attributable to the situation in India 
since its exclusion resulted in an unvarying sex differen
tial that, at 97 male deaths per 100 female deaths, 
nevertheless indicated the existence of some excess 
female mortality. At the regional level, average sex 
differentials increased in sub-Saharan Africa, Northern 
Africa and Western Asia, and Latin America and the 
Caribbean, suggesting changes consistent with a greater 
improvement in the survival chances of girls with 



TABLE 31. TRENDS IN SEX DIFFERENTIALS, SELEC1ED COUNTRIES 

Jrlfant mortality Child mortality Under-five mortality 
(males ~r JOO fr.malesi (males per JOO fr.malesi _!!!!.ales f!!!.r J 00 fr.malesi 

Country or area J970s J980s J970s J980s J970s J980s 

Sub-Saharan Aftica 
Cameroon ....................... 109 114 % 83 104 101 
Congo .......................... 110 116 100 96 107 109 
~te D'Ivoire ..................... 124 119 101 118 114 119 
Ghana .......................... 123 117 103 100 113 109 
Kenya .......................... 112 116 112 103 lll lll 
Liberia .......................... lll 127 104 98 108 114 
Mauritania ....................... 110 125 97 104 104 116 
Mauritius ........................ 127 129 94 110 116 124 
Nigeria ......................... 119 105 101 117 110 110 
Rwanda ......................... 114 119 106 119 109 118 
Senegal ......................... 116 117 93 104 105 110 
United Republic of Tanzania ......... 114 110 106 108 110 109 

Northern Aftica and Western Asia 
Algeria ......................... 104 104 93 94 100 100 
Egypt .......................... 100 104 78 83 92 97 
Israel ........................... 120 118 110 105 117 115 
Jordan .......................... 94 95 97 102 95 96 
Kuwait ......................... 118 119 105 129 llS 124 
Morocco ........................ 110 lll 90 90 102 106 
Sudan .......................... 120 117 97 107 109 113 
Tunisia ......................... 106 110 94 100 101 107 
Turkey .......................... 109 121 78 109 100 118 
Yemen .......................... 113 118 91 85 103 107 

Eastern and South-eastern Asia 
Hong Kong ...................... 125 114 110 110 127 125 
Indonesia ........................ 132 122 128 102 128 113 
Malaysia ........................ 129 127 108 107 120 119 
Philippines ...................... 117 133 86 94 108 123 
Republic of Korea ................. 119 117 100 100 115 114 
Singapore ....................... 142 125 86 100 127 122 
Thailand ........................ 122 121 94 116 110 120 

South-cen1ral Asia 
Bangladesh ...................... 120 119 85 76 103 101 

India ........................... 94 102 89 72 92 93 
Nepal .......................... 104 106 92 78 100 96 
Pakistan ......................... 113 116 81 90 100 107 
Sri Lanka ........................ 124 138 91 % 113 129 

Latin America and the Caribbean 
Argentina ....................... 119 124 100 100 115 121 
Brazil .......................... 132 131 125 119 128 129 
Chile ........................... 118 124 113 122 118 121 
Colombia ....................... 124 106 131 125 ll3 II I 

Costa Rica ....................... 127 125 94 118 120 128 
Cuba ........................... 124 131 108 116 123 127 

Dominican Republic ............... 119 140 121 77 118 124 

104 



Table 31 (continued) 

lefant mortality Child mortality Under-jive mortality 
(males per JOO /emalesl (males per 100 /emalesl (males per 100 f.!malesl 

Country or area 19708 19808 19708 19808 19708 19808 

Ecuador ....................•.... 117 120 92 lOS 106 117 

Guatemala ....••.....•....•...... 116 123 88 86 lOS 110 

Haiti ··························· 112 127 83 93 101 114 

Mexico ························· 123 116 93 100 113 110 

Panama ......................... 129 122 107 98 123 118 

Paraguay ·········· .............. 104 117 140 77 lll 109 

Peru ............................ 113 117 106 94 111 108 

Puerto Rico ······················ 136 131 124 122 13S 127 

Trinidad and Tobago ............... 124 13S lOS lOS 120 130 

Uruguay ························ 124 124 116 110 120 12S 

Venezuela ....................... 124 126 99 100 119 122 

Source: Table 29. 

TABLE 32. A VERAOE AND MEDIAN SEX DIFFERENTIALS IN INFANT, CHll.D AND 
UNDER-FIVE MORTALITY1 BY REOION1 1970s AND 1980s 

Median Ave~ 

N-ber llffanl Child Under-jlw llffanl Child Under-jlw 

of "'°""''~ mortali~ lllOlfal!!l. mortali~ "'°""'i!l. morfai!!l. 
cOlllllrles 1970& 1980s 1970s 1980s 19708 1980s 1970& 19806 1970& 1980s 1970& 19806 

Total ........................... S2 118 119 100 101 lll 114 107 110 93 88 102 102 
Total (excluding India) ............. SI 118 116 97 97 109 109 
Region 
Sub-Saharan Africa ............... 12 114 117 101 104 110 lll 117 110 i02 112 110 110 
Northern Africa and Western Asia .... 10 109 114 93 101 102 107 107 112 SS 93 99 106 
Eastern and South-eastern Asia ...... 7 12S 122 100 102 120 120 127 124 116 101 122 llS 
South-central Asia ................ s 113 116 89 78 100 101 99 106 87 77 94 96 
Latin America and the Caribbean .... 18 123 124 107 103 118 121 124 124 104 lOS 118 119 

Sources: Table 29; and United Nations database on mortality In childhood by sex: Africa, database POP/lBIDBl')S/2; Ibid, Latin America and the Caribbean, 
database POP/18/DB/9611; Ibid, Asia, database POP/18/DB19612. 

respect to those of boys. The opposite appears to have 
occurred in Eastern and South-eastern Asia and in South
central Asia, where the sex differentials declined from the 
1970s to the 1980s. In South-central Asia in particular, 
the excess female child mortality that existed during the 
1970s became accentuated during the 1980s, so that by 
then girls aged 1 to 4 were nearly 30 per cent more likely 
to die than boys of the same age. 

Changes in the appropriately weighted average sex 
differentials in under-five mortality reflect the combined 
effects of changes in infant and child mortality, with the 
fonner dominating. At the overall level, average sex 
differentials remained constant; at the regional level, a 
noteworthy decline was registered in Eastern and South-
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eastern Asia, and a moderate increase was noticeable in 
Northern Africa and Western Asia. For other regions, 
the average sex differentials in under-five mortality 
remained constant or increased slightly. Those trends 
help to confinn that the countries of Northern Africa and 
Western Asia having data for two different periods have 
made considerable strides in reducing the advantage in 
survivorship that boys have over girls. In South-central 
Asia, some improvement in the survivorship of girls 
with respect to boys has been achieved under age five, 
but it stems entirely from gains made over the first year 
of life. In Eastern and South-eastern Asia, the increases 
in survivorship of girls have failed to keep pace with 
those of boys, especially over the age range 1 to 4, but at 
the regional level excess female child mortality is not 



' evident. In sub-Saharan Africa, there has been little 
change in the relative survivorship of boys and girls 
up to age five, but that has been the result of greater 
improvements in survivorship among girls over ages 1 
to 4 and greater ones for boys before age one. Lastly, 
in Latin America and the Caribbean, regional sex 
differentials in all components of childhood mortality 
have changed only slightly during the two decades 
considered. 

At the country level, the experiences of India and 
Jordan are worth highlighting since they were the only 
two comrtries to exhibit during the 1970s excess female 
mortality among infants (amounting to 6 per cent). By 
the 1980s, Jordan was the only country still exhibiting 
higher mortality among female infants than among 
males, whereas in India mortality among male infants 
had surpassed that among female infants by 2 per cent. 
In Eastern and South-eastern Asia, the case of Indonesia 
deserves attention since according to the estimates 
available the sex differentials in infant mortality in that 
country declined from 132 male deaths per 100 female 
deaths in the 1970s to 122 male deaths per 100 female 
deaths in the 1980s, and an even sharper decline was 
estimated with respect to child mortality, whose sex 
differentials dropped from 128 to 102 male deaths per 
100 female deaths. Taken at face value, those estimates 
imply that both infant and child mortality among male 
children decreased more rapidly than infant and child 
mortality among females between the 1970s and the 
1980s. However, the estimate for the 1970s was based 
on a single source-the Indonesian Fertility Sur
vey-whose evaluation using reinterview techniques 
revealed the omission of dead children, and to a lesser 
extent, the reporting of dead girls as boys, errors that 
would result in an overestimate male mortality relative 
to that of girls (Macdonald and others, 1978). Given the 
large weight of Indonesia at the regional level, the trends 
that it appears to have experienced are largely responsi
ble for the sharp decline in the average sex differential in 
child mortality in Eastern and South-eastern Asia 
between the 1970s and 1980s: from 116 to 101 male 
deaths per 100 female deaths (see table 32). 

C. CONCLUSION 

The present review of levels and trends in sex differ
entials of mortality in childhood has shown that the 
existence of excess female mortality among children 
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aged 1 to 4 is far more widespread than generally 
thought. For the developing countries covered in the 
present study, our estimates imply that on average, male 
infant mortality was 8 per cent higher than that of 
females but female child mortality was 9 per cent higher 
than that of males. Excess female child mortality was 
found to exist in over half of the countries with estimates 
available, and those countries were found in all major 
regions. Thus, not only was it corroborated that China 
and the majority of countries of South-central Asia, 
Northern Africa and Western Asia experienced higher 
levels of female than male child mortality, but also a 
pattern of moderate levels of excess female child mortal
ity was detected in a number of Central American 
countries, including Mexico, and moderate to high levels 
of excess female child mortality were detected in several 
countries of Western and Middle Africa. 

In terms of infant mortality, only two countries-India 
and Jordan--displayed a level of female infant mortality 
higher than that of males, but in several other countries 
the estimated level of excess male mortality was on the 
low side and might indicate the existence of excess 
female mortality beyond the neonatal period. Thus, for 
South-central Asia as a whole the average sex differen
tial of 102 male deaths in infancy per 100 female deaths 
is low. The weight of India in the regional average 
largely accounts for such a low value. 

Both China and India are largely responsible for the 
excess female child mortality detected at the level of all 
developing countries combined. When those two 
countries are excluded, the average sex differential in 
child mortality approaches 100, indicating that there is 
almost equality in the probabilities of dying of girls and 
boys aged 1to4. However, as pointed out above the 
average still conceals significant differences among 
countries, with about half recording higher levels of 
child mortality among girls than among boys. 

Data on trends available for S2 countries reveals that 
the survivorship chances of girls aged 1 to 4 have 
improved more rapidly than those of boys in 26 of the 
countries considered have improved less rapidly in 21 
countries and have changed at the same rate in S coun
tries. Of the 26 countries that registered an improve
ment in the situation of girls relative to that of boys, 13 
passed from a situation in which excess female mortality 
prevailed in the 1970s to one in which excess male 
mortality was evident by the 1980s. In another 6 



countries, mostly in Northern Africa and Western Asia, 
the mortality of girls remained higher than that of boys 
during the 1980s though mortality levels of both girls 
and boys declined. Among the 21 countries where 
the probability of survivorship for boys improved more 
rapidly than that of girls, 6 moved from excess male 
mortality in the 1970s to excess female mortality in 
the 1980s, and 6 countries-mostly in South-central 
Asia-saw a further deterioration of the situation of girls 
relative to that of boys. In the other 9 countries, excess 
male mortality declined between the 1970s and 1980s, 
but by the 1980s the mortality of boys was still equal to 
or higher than that of girls. In sum, the data on trends 
indicate that with the exception of some countries in 
South-central Asia, sex differentials in child mortality 
between males and females are narrowing over time. 
With regard to sex differentials in infant mortality, 
excess male mortality in infancy increased from an 
average of 7 per cent in the 1970s to 10 per cent in the 
1980s for all countries combined. 

The findings presented in the present chapter, there
fore, provide a mixed message. They show that excess 
female child mortality is a widespread phenomenon, 
noticeable in a variety of countries whose level of 
economic development, social organization and cultural 
values defy a simple characteri:zation. However, the 
findings also imply that with the exception of China and 
India, the overall effect on excess female child mortality 
in the countries where it exists is counterbalanced to a 
large extent by the excess mortality of male children 
aged 1 to 4 in other developing countries. 

In conclusion, therefore, the situation regarding the 
existence of excess risks of death among girls in relation 
to those among boys is critical only in a few coun
tries-though some of them, such as India, are particu
larly important because of their size. In the majority of 
countries in which excess female child mortality has 
been detected, the situation is less serious and more 
likely to respond to the normal forces of modemi:zation, 
which involve the provision of adequate basic health
care services, more information about the cw and 
nutrition of children, and incentives to treat equitably 
children of both sexes. Indeed, for several of the coun
tries included in the present study, the evidence shows 
that impressive gains have been made in reducing the 
excess mortality risks to which girls are subject. Foster
ing the continuation of such trends is clearly important, 
but undoubtedly priority must be accorded to cases that 
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are characteriz.ed by cultural and societal nonns that are 
detrimental to the status of women. 
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V. MALNUTRITION, MORBIDITY AND CIDLD MORTALITY 
IN DEVELOPING COUNTRIES 

David L. Pelletier• 

Malnutrition is common in developing countries and 
makes an important contribution to the burden of 
morbidity and mortality of infants and children. The 
United Nations reports that growth failure affects 
about one third of preschool children, and about 45 per 
cent of adult women are underweight because of either 
short stature or thinness (United Nations, 1992). In 
addition, about 190 million preschool children live in 
areas at risk of vitamin A deficiency, 211 million 
people are affected by goitre and 370 million women 
aged 15-49 are affected by anaemia. Those conditions 
are known to interact synergistically with infectious 
diseases (Scrimshaw, Taylor and Gordon, 1968), 
thereby exacerbating the incidence, duration and 
severity of morbidity. 

Although the synergistic relation between malnutri
tion and disease is accepted in general terms, the 
implications for child mortality are not reflected in 
death reporting systems or in the policies and plans of 
Governments and international organizations. For 
instance, conventional methods for classifying cause 
of death focus on the proximate cause of death (infec
tious diseases), thereby ignoring the synergism be
tween malnutrition and disease and concealing the 
contribution of malnutrition to mortality (World Bank, 
1993). A second related example is the continued 
perception that mild-to-moderate malnutrition does not 
increase the risk of death (Bairagi, 1981; Ewbank and 
Gribble, 1993). That view also -leads to an under
estimate of the contribution of malnutrition to mortal
ity. A third example is the common tendency to 
equate malnutrition with inadequate food intake, so 
that the role of malnutrition in famine mortality is 
misunderstood and underestimated (De Waal, 1989). 
One purpose of the present chapter is to clarify the 

•Associate Professor, Division of Nutritional Sciences, Cornell 
University. 
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nature of malnutrition itself and summarize recent 
evidence concerning its relation to child mortality. 
Another purpose is to investigate the extent to which 
sex differentials in nutritional status are related to sex 
differentials in child mortality, drawing upon com
munity-based prospective studies and cross-national 
comparisons. 

A. CONCEPTUAL AND METIIODOLOGICAL 

CONSIDERATIONS 

The nutritional status of an individual refers to the 
availability of energy and nutrients to the cells of the 
body relative to the individual's requirements. Malnu
trition is a consequence of an imbalance in energy 
and/or nutrients at cellular level, including deficiencies 
and excesses. The terms nutritional status and malnu
trition may be used in a global sense to refer to all 
nutrients considered simultaneously, or in a more 
limited sense to refer to specific nutrients. Thus, 
protein-energy malnutrition and iron deficiency 
represent specific and restricted forms of malnutrition. 

The above-mentioned definitions have several 
important implications. First, they implicitly recog
nize the fact that an imbalance in energy and nutrients 
at cellular (and eventually individual) level can arise 
from inadequate nutrient intake and/or diseases, such 
as diarrhoea, measles, malaria and other parasitic 
infections. Such conditions can affect nutrient absorp
tion, transport, storage and utilization. Thus, a vicious 
cycle can be established; infections impair nutrient 
intake and utilization and deficient intake impairs the 
ability of the body to resist and respond to infection. 
That cycle is well-established from clinical and 
biological research on individuals (e.g., Scrimshaw, 
Taylor and Gordon, 1968; Chandra, 1991), and has 
recently been confirmed at the population level, as 
described below. 



Second, they concern the underlying causes of 
malnurtrition. A large body of scientific evidence and 
applied experience pertaining to those underlying 
causes has been simplified by the United Nations 
Children's Fund (UNICEF) in 1990, which provided 
the foundation for the International Conference on 
Nutrition (1992). As shown in figure 24, those causes 
include the state of household food security, the 
adequacy of health services and health environment, 

. and the adequacy of childcare (including infant and 
child-feeding). The causative role of childcare high
lights the fact that malnutrition can arise even in the 
presence of household food security and adequate 
availability of health services. Conversely, as revealed 
by positive deviance studies, 1 good nutritional status 
can be maintained even in the face of food insecurity, 
poor sanitation and the associated conditions of 
poverty (Zeitlin, Ghassemi and Mansour, 1990). 
Those findings lead to the important overall conclu
sion that food, health and care, when considered 
individually, represent a necessary but not sufficient 
explanation for the existence of malnutrition in house
holds and communities. The relative importance of 
each of those factors can and does vary across house
holds and communities, although impaired nutritional 
status (as measured by weight-for-age, for instance) is 
a manifestation of the problem in all cases. Lastly, 
figure 24 shows that all three underlying causes are 
subject to the availability of and control over resources 
(including mother's time) as modified by political and 
economic forces. 

Third, mortality among children can be seen as 
arising from the same causes as malnutrition itself as 
elaborated in figure 25 (Pelletier, l 994a), which 
emphasizes the interaction between disease and 
nutrient intake in the centre, as in figure 24, but is 
explicit about certain pathways leading to malnutrition 
and mortality. In particular, it distinguishes several 
types of childcare that are important for interpreting 
the literature on sex differentials in mortality. Specifi
cally, it distinguishes the role of childcare and feeding 
as it relates to nutrient intake and disease from child
care as it relates to the treatment of illness. Studies 
from Bangladesh and India suggest that excess female 
mortality is caused by gender differentials in treat
ment of illness, rather than differences in food intake 
or health status in the home (Basu, 1989; Fauveau, 
Koenig and Wojtyniak, 1991). That is an important 
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conceptual distinction because it suggests that the 
effects of the malnutrition-morbidity synergism may 
be modified (i.e., ameliorated or exacerbated) by the 
timing, frequency and quality of health care sought 
during illness, all of which may vary according to 
the sex of the child, mother's education and other 
factors. 

Fourth, biological indicators of nutritional status are 
intrinsically more meaningful in the present context 
than measurements of dietary intake because the 
former capture the combined effects of nutrient intake 
and disease on the nutritional status of the individual 
and reflect exposure over longer periods of time. 
Measurement of dietary intake is difficult over short 
periods of time and almost impossible over long 
periods of time. Moreover, although dietary intake is 
a contributor to nutritional status it is not a direct 
measure of status because it does not capture the 
effects of disease on the individual. The converse is 
that weight-for-age should not be interpreted simply as 
an indicator of food intake because that would ignore 
the synergism with infection. Lastly, weight-for-age 
is most useful as an indicator of current or recent 
nutritional status among young (aged less than 24 
months) rather than older children (aged 24 months or 
over), because at older ages weight-for-age tends to 
reflect stunting (low height-for-age) that occurred 
earlier in the individual's life (Beaton and others, 
1990). 

B. MALNU1RITION AND CIIlLD MORTALITY 

Bearing in mind the view of malnutrition presented 
above, the present section summarizes the results of a 
review of studies from developing countries on the 
relation between malnutrition and child mortality 
(Pelletier, 1994a). The overall review identified 28 
community-based, prospective studies (all in Africa 
and Asia) that had measured anthropometric indicators 
of nutritional status at one point in time, and related 
that to the subsequent survival status of individual 
children. The focus in all cases was preschool chil
dren, usually defined as those aged 6-59 months, or a 
more narrow age band within that range. The present 
section describes the evidence concerning several 
related issues: (a) the impact of the malnutrition
morbidity synergism at the_ population level; (b) the 
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possibility that those results are confounded by non
nutritional factors; (c) the quantitative contribution of 
malnutrition to child mortality; and (d) the impact of 
malnutrition on death due to different diseases. 

1. Malnutrition-morbidity synergism 
at the population level 

The overwhelming majority of studies show a 
significant association between anthropometric indica
tors and subsequent mortality.2 Of particular rele
vance for present purposes is a subset of those studies 
shown in figure 26. The upper panel shows the 
relation between mortality of children and malnutrition 
in eight community-based studies that used compara
ble measures of nutritional status (i.e., weight-for-age 
as a percentage of median) and subsequent mortality3 

(within 6 and 24 months in various studies).4 Com
pared with well-nourished children (i.e., weight-for
age > 80 per cent), it can be seen that mortality is 
slightly elevated among those with mild malnutrition 
(weight-for-age = 70-79 per cent), further elevated 
among those with moderate malnutrition (weight-for
age = 60-69 per cent) and greatly elevated among 
those with severe malnutrition (weight-for-age <60 per 
cent). Mortality rises more steeply as weight-for-age 
decreases, resulting in a characteristic exponential 
increase for seven of the eight studies. s When those 
data are modelled mathematically, mortality is found 
to have increased at a compounded rate of 5.9 per cent 
for each 1 percentage point decline in weight-for-age 
(Pelletier and others, 1994b). The compounding 
nature of that relation is what gives rise to the steep
ness of the slope at extremely low values of weight
for-age. Formal tests of the heterogeneity in slopes 
across studies, weighted for sample sizes underlying 
each data point, suggest that there are no statistically 
significant differences in the slope of mortality on 
weight-for-age between the different studies. That 
similarity is shown more clearly in the lower panel, 
which expresses mortality in logarithm units. Thus, it 
appears that the response of mortality to malnutrition 
is similar in all eight studies despite the differences in 
ecology, disease vectors, cultures, child-age ranges 
and absolute levels of mortality. 

Those results are important for several reasons. 
First, they reveal remarkable consistency in the re-
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lation between malnutrition and mortality across 
populations. The accumulated evidence does not 
support the suggestion that the relation varies across 
populations (Bairagi, 1981; Ewbank and Gribble, 
1993). Second, they show that mortality is elevated 
even among the mild-to-moderately malnourished 
(defined as those between 60 and 80 per cent of 
median weight-for-age), and that that link is· also 
consistent across all or most populations. 

Figure 26 also provides important confirmation that 
the long-recognized synergism between malnutrition 
and morbidity have potentiating (or multiplicative) 
effects at the population level. The mathematical 
confirmation of that synergism is provided elsewhere 
(Pelletier and others, 1993), but the phenomenon can 
be understood intuitively by comparing the results 
from Punjab, India and the United Republic of Tanza
nia shown in the upper panel of figure 26. With a 
baseline mortality rate of2.8 deaths per 1,000 children 
per annum ("baseline" refers to the so-called well
nourished, with weight-for-age > 80 per cent), the 
Punjab study shows that an additional 34 deaths per 
1,000 children per annum occurred among the se
verely malnourished; by contrast, in the United Re
public ofTanz.ania, which has a baseline mortality rate 
of 23 per 1,000, there were an additional 189 deaths 
per 1,000 per annum among the severely malnour
ished. Thus, the absolute increase in deaths is about 
six times higher in the United Republic of Tanzania 
than in the Punjab (189 versus 34). That difference is 
exactly as predicted from the theory of synergism 
because populations with high exposure to disease are 
expected to have: (a) higher baseline mortality among 
the well-nourished; and (b) a stronger response to 
malnutrition. The parallelism in the lines shown in the 
lower panel shows that there is a consistent tendency 
for populations with high baseline mortality to experi
ence a stronger response to malnutrition (in absolute 
numbers of deaths). Thus, it appears that the addition 
of malnutrition to a population with high disease 
exposure results in a multiplicative increase in mortal
ity, rather than a simple additive increase.6 Under an 
additive model, the United Republic of Tanzania 
would have experienced an increase of only about 34 
deaths per 1,000 children per annum among the 
severely malnourished, identical to that seen in the 
Punjab. 



Figure 26. Relationship between mortality among children and weight-for-age 
as a percentage of international median 
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2. The cpnfounding hypothesis 

Although the accumulated results of malnutrition
mortality relation are striking for their consistency, it 
can be hypothesized that that association is simply or 
largely due to statistical confounding. According to 
that hypothesis, malnutrition and mortality may co
occur in the same households simply because both are 
associated with poverty or low socio-economic status. 
It may be, for instance, that the malnutrition in those 
households is caused by poor nutrient intake and high 
disease exposure, whereas mortality may be caused by 
low immunization rates or inappropriate treatment of 
illness (figure 25). Another possibility is that low 
weight-for-age is a by-product of high disease expo
sure and is associated with mortality for that reason 
but actually plays no causal role in mortality. Several 
studies have examined the possibility of confounding, 
as described below, and all of them show that a 
significant association between malnutrition and 
mortality persists even after controlling for confound
ing through various statistical techniques. 

The possibility of confounding by socio-economic 
status has been investigated in Bangladesh by Chen 
and others (1980), Cogill (1982) and Chowdhury 
(1988); in Tan7.ania by Yambi (1988); in Uganda by 
Vella and others (1994); and in Malawi by Pelletier 
and others ( 1994c ). Chen, Chowdhury and Huffman 
(1980) and Chowdhury (1988) compared the relative 
risk' of mortality among the malnourished across 
different socio-economic strata defined by floor space, 
maternal height, maternal age and maternal education. 
A significant elevation in the relative risk was ob
served in all socio-economic strata, and surprisingly 
the relative risk is highest in the higher socio-eco
nomic groups. Using the same data set, Cogill (1982) 
applied multivariate discriminant analysis controlling 
for maternal age, parity, religion, education, number of 
cows, floor area and mother's height and weight. His 
results showed that each of the anthropometric indica
tors remains statistically significant even after control
ling for those variables, and those indicators are 2.3 
times (in the case of height-for-age) to 23 times (in the 
case of upper arm circumference) stronger predictors 
of mortality than any of the socio-economic indicators. 
Pelletier and others (1994c) and Yambi (1988) applied 
multivariate logistic regression to the studies from 
Malawi and the United Republic ofTan7.ania, respec-
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tively, and showed that the effects of the anthropomet
ric variables persist after controlling for socio-eco
nomic variables. Lastly, Pelletier and others (1994c) 
and Vella and others (1994) represent the only studies 
that tested for confounding among the mild-to-moder
ately malnourished separately from the severely 
malnourished. The study in Uganda (Vella and others, 
1994) showed variation in relative risk estimates 
across socio-economic strata, relative to all strata 
combined, but found elevated relative risks for all four 
anthropometric indicators tested even among the mild
to-moderately malnourished. The Malawi study 
(Pelletier and others, 1994c) showed that one-year 
mortality remains significantly elevated among the 
mild-to-moderately malnourished when using weight
for-age among young children (<24 months), but not 
among older children or when using other indicators. 
Thus, the accumulated evidence suggests that the 
anthropometry-mortality relation cannot be attributed 
to socio-economic confounding. 

As distinct from socio-economic confounding, four 
studies have examined the possibility that the weight
for-age-mortality association may simply reflect the 
weight-depressing effects of morbidity immediately 
preceding death. Kielmann and McCord (1978) tested 
this possibility in India by conducting an analysis in 
which the weight-for-age taken two months prior to 
death was used instead of the weight-for-age from the 
month immediately preceding death. They found that 
the weight-for-age-mortality association was equally 
strong in the two analyses. Briend and Bari (1989) 
used multivariate logistic regression to control for the 
presence of diarrhoea, respiratory infections, measles 
and oedema. The mortality odds ratio' was reduced 
from 14.7 (unadjusted) to 9.7 (adjusted), but the latter 
remained a strong and significant association. Briend 
and Bari (1989) and Yambi (1988) also tested that 
illness-induced, weight-loss hypothesis by testing for 
the effects of weight-for-age while controlling for the 
change in weight during the 1-2 months prior to death. 
Both studies found that weight-for-age is stronger than 
the change in weight-for-age as a predictor of death, 
and controlling for change in weight-for-age did not 
appreciably alter the relation. Thus, the literature does 
not support the hypothesis that the weight-for-age
mortality relation is simply a reflection of confounding 
by socio- economic factors or by the weight-depress
ing effects of immediately preceding illness. 



3. The quantitative contribution of 
malnutrition to mortality 

The results shown in figure 26 indicate that the 
absolute level of child mortality can be accurately 
modelled simply as a function of the baseline mortality 
(among those with weight-for-age> 80 per cent) and 
the percentage of children falling in each of the three 
grades of malnutrition below 80 per cent of the refer
ence median. That observation has limited practical 
utility when stated in those terms, however, because 
most countries do not know the mortality level among 
those with weight-for-age> 80 per cent of median. 
Accordingly, it is not possible to estimate the contribu
tion of malnutrition to child mortality in most popula
tions. An alternative formulation can be derived from 
the fact that the relative risk of mortality at various 
grades of weight-for-age can be calculated from the 
data in figure 26. The relative risks are 8.4 for severe 
(weight-for-age < 60 per cent of reference median), 
4.6 for moderate (weight-for-age 60-69 per cent of 
reference median) and 2.4 for mild (weight-for-age 
70-79 per cent of reference median) malnutrition. The 
contribution of malnutrition to child mortality (through 
its potentiating effects on infectious disease) can then 
be calculated using the standard epidemiologic statistic 
of population attributable risk (PAR),9 which simply 
combines the relative risk estimates with estimates of 
the prevalence of low weight-for-age in a given 
population. The methodology has been fully de
scribed and tested elsewhere (Pelletier and others, 
1994b ). The present subsection simply presents the 
results emerging from that approach, when applied to 
53 countries for which suitable anthropometric data 
have been published (UNICEF, 1993). 

Figure 27 (Pelletier and others, 1995) shows the 
percentage of child deaths among children aged 0-59 
months due to the potentiating effects of malnutrition 
on disease in each of the 53 countries. The total 
population attributable risk is divided into the portion 
due to severe malnutrition (weight-for-age < 60 per 
cent) and that due to mild-to-moderate malnutrition 
(weight-for-age 60-79 per cent). Using the average for 
all 53 countries, the results indicate that 56 per cent of 
all child deaths are caused by the potentiating effects 
of malnutrition on disease, of which 83 per cent is due 
to mild-to-moderate malnutrition. The values for any 
given country vary in proportion to its prevalence of 
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low weight-for-age. Among the countries shown here, 
the range for total population attributable risk is from 
about 15 per cent in Paraguay to about 85 per cent in 
India, indicating that from 15 to 85 per cent of deaths 
in those countries are caused by the potentiating 
effects of malnutrition on disease. The percentage of 
total population attributable risk that is due to mild-to
moderate malnutrition varies from 100 per cent among 
several countries in which severe malnutrition is 
absent to 68 per cent in India, where severe malnutri
tion is highly prevalent. 

Those estimates are remarkably close to those 
arising from the Inter-American Investigation of 
Childhood Mortality over two decades ago (Puffer and 
Serrano, 1973). That study was based on community 
samples in Latin America and in selected countries in 
Northern America, and used clinical methods and 
verbal autopsies to ascertain cause of death. As in the 
present study, it reported that 54 per cent of child 
deaths (2-4 years) in Latin America had malnutrition 
as an underlying or associated cause, of which about 
15 per cent was severe malnutrition. Among infants 
(0-11 months), about one fourth to one third of all 
deaths had malnutrition as an underlying or associated 
cause. The estimates for infants are lower than for 
children because a large proportion of neonatal deaths 
are due to congenital and obstetric complications. 
However, the Inter-American Investigation stressed 
the important role of maternal nutritional status as a 
cause of low birth weight and prematurity (which, in 
tum, are strong predictors of infant mortality), and the 
importance of inappropriate infant feeding practices as 
a contributor to post-neonatal deaths. Thus, the Inter
American Investigation, using a different methodology 
than the prospective studies shown in figure 26, 
confirms the quantitative estimates of malnutrition role 
during childhood (1-4 years), extends the analysis into 
the early infancy period not adequately covered in the 
studies shown in figure 26, and demonstrates that the 
results for Latin America are similar to those for 
Africa and Asia reflected in figure 26. 

It is notable that the population attributable risk 
estimates shown in figure 27 and those of the Inter
American estimates are both far higher than those 
commonly found in health statistics from developing 
countries, which do not take account of the potentiat
ing effects of malnutrition ~n infectious disease. By 



Figure 27. Deaths of children under age 5 caused by the potentiating effects of severe and 
mild-to-moderate (MM) malnutrition on infectious diseases 
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TABLE 33. GLOBAL BURDEN OF DISEASES IN 
CIIlLDREN UNDER FIVE YEARS 

Percentage of 
disability adjusted 

Cause of death Rank life-years lost 

Respiratory . . . . . . . . . . . . . . . . . 1 18.5 
Perinatal .. . .. .. . .. . .. .. . .. . 2 17 .2 
Diarrhoea . . . . . . . . . . . . . . . . . . 3 16.2 
Childhood cluster" . . . . . . . . . . . 4 10. 7 
Congenital . . . . . . . . . . . . . . . . . 5 6.5 
Malaria . . . . . . . . . . . . . . . . . . . . 6 4. 7 
Protein-energy malnutrition . . . . 7 2.4 
Vitamin A . . . . . . . . . . . . . . . . . . 8 2.3 
Iodine deficiency disorders . . . . 9 1.3 

Source: World Bank, World Development Report, 1993 (New 
York, Oxford University Press, 1993). 

•Including pertussis, polio, measles, tetanus. 

way of example, table 33 (based on health statistics) 
shows the percentage of disability adjusted life-years 
(DALYs)10 lost due to various causes. As shown,· 
protein-energy malnutrition (PEM), vitamin A and 
iodine deficiency disorders (IDD) together represent 
only 6 per cent ofDALYs lost. The estimate arising 
from the 53 countries shown in figure 27 is 56 per 
cent, roughly 10 times higher. That discrepancy arises 
because the latter estimate includes the potentiating 
impact of malnutrition on infectious diseases, and also 
includes the effects of mild-to-moderate malnutrition 
as well as clinically obvious, severe malnutrition. 

4. Effects of ma/nutrition on different 
causes of death 

The consistency in the slope of mortality on weight
for-age shown earlier in figure 26 is striking in the 
light of the differences in ecological circumstances 
and associated disease exposure, as well as cultural 
differences across study areas. For instance, the study 
in Papua New Guinea took place in the highlands, 
where acute respiratory infection was noted as a major 
cause of death and malaria was presumably absent; 
yet, it has a slope similar to those for Bangladesh, 
Malawi and the United Republic of Tanzania where 
diarrhoea and malaria are combined with acute respi
ratory infection as major diseases. The relative 
uniformity observed in the slope across populations 
suggests that malnutrition may potentiate the effects of 
many or all of the common infectious diseases. 
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Somewhat more direct confinnation of the present 
suggestion is provided by three of the prospective 
studies and the Inter-American Investigation. The 
three prospective studies collected verbal reports of 
symptoms at the time of death, and were thereby able 
to estimate the relative risk of death due to malnutri- · 
tion (referred to as "RRm" in the present section) 
separately for each symptomatic cause of death. 11 

Table 34 shows these relative risk estimates, which are 
based on two studies for Bangladesh and one study for 
Uganda. All three studies show elevated RRm for 
diarrhoea and measles, the only diseases reported 
separately in all three studies. In addition, the Uganda 
study shows elevated RRm for fever and acute respira
tory infection. Fever is usually assumed to be due to 
malaria in clinical practice in African settings with 
endemic malaria, but the study in Uganda did not 
collect detailed clinical data to confinn this. The two 
Bangladesh studies grouped fever and acute respira
tory infection with other infections, and found ele
vated RRm for that combined category. Thus, those 
three studies are consistent with the indirect evidence 
shown in figure 26, that malnutrition may have a 
potentiating effect on many or all infectious diseases. 

Table 35 shows the summary findings from the 
Inter-American Investigation, based on the 13 Latin 
American samples.12 Malnutrition was an associated 
cause in 4 7 per cent of all deaths to children under five 
years of age (excluding neonatal deaths). It was an 
associated cause in roughly 60 per cent of deaths due 
to diarrhoea, measles and other infective and parasitic 
diseases, compared to about 32 per cent in deaths due 
to respiratory disease or other causes. The "other" 
category includes neoplasms, congenital, metabolic, 
accidental and other lesser causes, and represents only 
a small proportion of total deaths. Its relevance here 
is as a pseudo-control category because it shows the 
frequency with which malnutrition may exist even 
among children whose deaths were not causally 
related to malnutrition. If that is a valid interpretation 
it suggests that the association between respiratory 
deaths and malnutrition is no higher than expected by 
chance, but that the association between malnutrition 
and all other infectious diseases is greater than ex
pected by chance (roughly twice the expected fre
quency). It is unclear why malnutrition has an ele
vated relative risk for deaths due to acute respiratory 



TABLE 34. RELATIVE RISK OF DEATH DUE TO MALNUTRITION," BY CAUSE OF DEATH 

Bangladesh (Matlab) Bangladesh (Matlab) SW Uganda 
Study 12-23 months Stu# 6-36 months 6-59months 

Weight-for- Weight-for- Mid-upper-arm 
Cause of death Weight-for-age Wasting age height circumference Height-for-age 

Diarrhoea .................. 3.7 16.8 7.1 3.8 7.5 1.4 
Measles .................... 2.3 4.2 4.6 8.6 4.9 1.2 
Fever ..................... 7.3 3.4 8.2 4.7 
ARI ....................... 1.9 1.9 9.4 2.3 
Other infections ............. 7.0 2.1 
Accidents .................. 1.2 
Other ...................... 4.1 1.2 1.5 0.9 0.7 1.7 
All causes .................. 3.2 8.0 3.7 4.0 5.5 2.0 

Source: D. L. Pelletier, "The relationship between child anthropometry and mortality in developing countries: implications for policy, programs 
and future research", Journal of Nutrition Supplement (Bethesda, Maryland), vol. 124, No. lOS. 

"Malnutrition defined as follows: 
Matlab (la): weight-for-age < 65 per cent; 
Matlab (20): Visible wasting (approximately arm circumference< 110 mm); 
SW Uganda (17): weight-for-age< -2.5Z-scores; 
Weight-for-height< -l.5Z-scores; 
Mid-upper arm circumference < 12.5 mm; 
Height-for-age < -JZ-scores. 

"Defines malnutrition based on the presence/absence of visible wasting just prior to death and/or recent weight loss; differs from others, therefore, 
which used prospectively measured anthropometry to define malnutrition. 

TABLE 35. MALNUTRITION AS AN ASSOCIATED CAUSE OF 
DEATII AMONG CHILDREN UNDER 5 YEARS OF AGE 

(EXCLUDING NEONATAL DEA ms), BY PROXIMATE CAUSE 
OF DEATII IN 13 LA TIN AMERICAN PROJECTS COMBINED 

Total 
Proximate cause deaths 

All causes .......... 21 951 
Infective and parasitic 

diseases .......... 12 598 
Diarrhoeal disease 8 770 
Measles ......... 2 103 
Other ........... 1 725 

Nutritional deficiency 1 163 
Diseases of respiratory 

system ........... 4469 
Other causes ....... 3 721 

Malnutrition as an 
associated cause 

Number of 
deaths Percentage 

10349 47.1 

7667 60.9 
5 331 60.8 
1 311 62.3 
1 025 59.4 

1435 32.1 
1247 33.5 

Source: R. C. Puffer and C. V. Serrano, Patterns of Mortality in 
Childhood (Washington, D.C.: Pan American Health Organization, 
1973). 

infection in the Uganda study (table 34) but no eleva
tion in the Latin American countries. One hypothesis 
is that the Latin American population may have had 
greater access to and utilization of curative care for 
acute respiratory infection than the Ugandan popula
tion covered in that study. 
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Lastly, a recent study in Zaire has challenged the 
notion that mild-to-moderate (subclinical) malnutrition 
is associated with elevated child mortality when 
weight-for-age is used to indicate malnutrition. The 
authors suggest that a major reason may be the unifor
mity with which malaria kills children regardless of 
nutritional status (Van Den Broeck, 1993). Van den 
Broeck and Eeckels (1994) have further suggested that 
weight-for-age may fail to identify some cases of 
protein-energy malnutrition, even some severe cases, 
which may flatten the slope of mortality on weight
for-age over the mild-to-moderate range of that 
indicator. 

It is difficult to interpret the study in Zaire for two 
reasons. First, the authors note that it took place in an 
area that has been the target of an integrated health 
and development programme for the past 20 years. 
Accordingly, immunization levels are higher and the 
incidence of diarrhoea is lower than in most parts of 
Africa, and access to curative care is presumably 
greater. The authors suggest that these factors may 
help explain the absence of an overall effect of mild
to-moderate malnutrition on mortality in their study. 
If so, it may have limited generalizability to areas that 
do not share these characteristics. 



Second, in contrast to the eight prospective studies 
included in figure 26, Van den Broeck and others 
(1993) excluded from the mild-to-moderate malnutri
tion sample any children showing clinical signs of 
malnutrition. Those signs included any muscle 
wasting (by inspection or palpation), with or without 
loss of subcutaneous fat, visible skeletal structures or 
hanging skin. Pitting oedema (a classic clinical sign of 
kwashiorkor) was also used to identify clinically 
malnourished children. The difficulty in interpretation 
arises from the fact that children with any of those 
signs were all considered severely malnourished but 
did not come exclusively from the category with 
weight-for-age < 60 per cent. Results published 
separately (Van Den Broeck, 1994) show that roughly 
20 per cent of all children below 80 per cent of median 
weight-for-age showed those signs and were excluded 
from the analysis; that exclusion makes it impossible 
to compare that study with the other prospective 
studies included in figure 26. 

In summary, the empirically observed consistency in 
the slope of mortality on weight-for-age suggests that 
malnutrition may potentiate the effects of many 
infectious diseases on mortality. That conclusion is 
supported by the results of three prospective studies 
that have analysed their data by cause of death. 
Results from the Inter-American Investigation (Puffer 
and Serrano, 1973) provide additional support for that 
thesis, but suggest that malnutrition may not potentiate 
the effects of acute respiratory infection. Results of a 
study in Zaire call into question whether malnutrition 
potentiates the effects of malaria. That question 
deserves further study, especially through case-control 
analysis of clinical data. 

C. GENDER, MALNUTRITION AND 
CHILD MORTALITY 

The previous subsections have addressed the funda
mental character of malnutrition and its relation to 
child mortality. As shown, the nature of that relation 
is not widely appreciated. The present section builds 
upon the foregoing analysis, and focuses specifically 
on the question of whether sex differentials in nutri
tional status may play a role in sex differentials in 
mortality. That is a complex issue that requires 
consideration of the other chapters in the present 
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volume in order to address it fully. Discussion is 
restricted to a conceptual analysis of the interrelations 
involved, analysis of prospective studies to glean some 
insights from that body of literature and analysis of a 
cross-national sample constructed for the present 
chapter. 

1. Conceptual model 

Figure 28 provides a conceptual framework for 
guiding the analysis of the interrelations between 
gender, nutritional status and mortality of children. 
For reasons cited in previous sections, it is impossible 
to conduct such an analysis without including child 
morbidity, owing to its synergistic relation with 
mortality. That is shown as a double-headed arrow in 
the centre to depict the vicious cycle between the two, 
as well as an oval that depicts the multiplicative or 
potentiating effects of those two factors on mortality. 
Child care and feeding are'fundamental to morbidity 
and nutritional status and are shown explicitly, but 
some other underlying factors are treated as exogenous 
in the present framework, including household food 
security and the existence of health hazards in the 
environment. Use of health care in that context refers 
primarily to the use of curative care in order to uncou
ple the otherwise direct effects of the malnutrition
morbidity synergism on mortality. It has several 
dimensions, including the timing, frequency and 
quality of care sought and provided. As shown, the 
sex of the child may be conceptualized as one of the 
factors that determine the state of morbidity, childcare 
and feeding, nutritional status and use of health care. 

For present purposes, it is important to re-emphasize 
that such an anthropometric index as children's 
weight-for-age reflects the combined effects of current 
and past childcare and feeding and morbidity. It does 
not reflect the adequacy of food intake alone, as is 
often mistakenly believed. Thus, in the analyses 
described below it is assumed that weight-for-age 
represents the nutritional status of the individual child 
or a population of children, and that any sex diff eren
tials in weight-for-age have been caused by gender
related differentials in child care, feeding or morbidity 
(the latter including incidence, duration and severity). 
It is further assumed that gender differentials in use of 
health care will manifest themselves in a flatter slope 
of mortality versus weight-for-age for the gender that 



Figure 28. Main effects of gender on causes of mortality 
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receives better quality health care, because better 
health care will tend to reduce the interaction between 
malnutrition, morbidity and mortality. That point is 
important because previous ethnographic and other 
studies have reported that mortality differentials by 
sex in Southern Asia reflect differentials in the use of 
health care by sex of child, rather than to differences 
in disease rates or in child care at home (Basu, 1989; 
Fauveau, 1991). The present framework permits a test 
of that hypothesis, using prospective studies of the 
anthropometry-mortality relation. 

2. Findings from prospective studies 

Table 36 summarizes the results of the 10 prospec
tive studies (out of 28 reviewed) that included male
female comparisons in the analysis. Several studies 
mention the results of some analysis by sex but do 
not present supporting data and they are also included 
in the list. Seven studies refer to Bangladesh (most 
refer to Matlab), one refers to Indonesia, another one 
to Uganda; and another to the United Republic of 
Tanzania. The table shows the age range considered 

TABLE 36. SUMMARY OF RESULTS ON SEX DIFFERENTIALS IN MORTALITY FROM PROSPECTIVE STIJDIES 

Sex Explained Sex difference 
Age difference by difference in response 

group Anththropometric in mortality in nutritional to nutritional 
Study Location (in months) indicators (RR)" status status 

1 Matlab ........... 12-15 MUAC y (1.8) yb ye 

2 Matlab ........... 6-36 MUAC y Yb(F) 
3 Matlab ........... 12-36 WA,HA,WH,MUAC y (2.0) Nd Y(F) 
4 Matlab ........... 3-36 MUAC y (2.6) y• 
5 Matlab ........... 2-60 WA y (1.6) N N 
6 Sirjganj/Gopalpur, 

Bangladesh ....... 6-36 WA y (1.4) 
7 Matlab ........... 12-59 AC/HT N (1.1) N 
8 W. Java ........... 0-72 HA,WH N 
9 SW Uganda ....... 0-59 MUAC N 

10 Iringa, Tanzania .... 6-36 WA,HA,WH N 

Key: MUAC = mid-upper arm circumference AC/HT= arm-circumference-for-height 
WA = weight-for-age Y = yes 
HA = height-for-age N = no 
WH = wight-for-height F = female 

Sources: Study 1: V. Fauveau and others, "Excess female deaths among rural Bangladesh children: an examination of 
cause-specific mortality and morbidity", International Journal of Epidemiology (Oxford, 1991); Study 2: V. Fauveau and 
others, "The contribution of severe malnutrition to child mortality in rural Bangladesh: implications for targeting nutrition 
interventions", Food and Nutrition Bulletin (Tokyo), vol. 12, No. 3 (1990); Study 3: B. Cogill, "Ranking anthropometric 
indicators using mortality in rural Bangladesh children" (Ithaca, New York, Cornell University, 1982; doctoral dissertation); 
Study 4: A. Briend and others, "Arm circumference and other factors in children at high risk of death in rural Bangladesh", 
77re Lancet (London, and Baltimore, Maryland) 26 September 1987; Study S: A. Bhuiya and others, "Malnutrition and child 
mortality: are socio-economic factors important?", Journal of Biosocial Sciences (Cambridge, United Kingdom), vol. 21, 
pp. 357-364; Study 6: R. Bairagi, M. A. Koenig and K. A. Mazumder, "Mortality-discriminating and power of some 
nutritional, sociodemographic, and diarrheal and disease indices", American Journal of Epidemiology (Baltimore, Maryland), 
vol. 138, No. S (1993); Study 7: A. Sommer and M. S. Loewenstein, "Nutritional status and mortality: a prospective 
validation of the QUAC stick", American Journal of Clinical Nutrition (Bethesda, Maryland), vol. 28, pp. 287-292; Study 
8: J. Katz and others, "The importance of age in evaluating anthropometric indices for predicting mortality", American 
Journal of Epidemiology (Baltimore, Maryland), vol. 130, No. 6 (1989); Study 9: V. Vela and others, "Determinants of child 
mortality in South-west Uganda", Journal of Biosocial Sciences (Cambridge, United Kingdom), vol. 24, pp. 103-112; Study 
10: 0. Yambi, "Nutritional status and the risk of death: a prospective study of children six to thirty months old in Iringa 
region, United Republic ofTanzania" (Ithaca, New York, Cornell University, 1988; doctoral thesis). 

'RR= Relative risk of mortality for females compared to males, when reported. 
hBy inference, not by formal statistical tests. 
'A sex difference exists but the direction is unclear (see text). 
dJ3ased on multivariate discriminant analysis that includes age, parity, religion, parential education and other SES variables. 
•eased on multiple logistic regression, including MUAC breastfeeding and mortality symptoms. 
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in each study, along with the anthropometric indica
tors used. 

Six studies on Bangladesh report that sex differ
ences in mortality were detected in the sample studied. 
The relative risks expressed as the female mortality 
rate divided by the male mortality rate are shown 
in table 36 and range from 1.4 to 2.6. One of the 
studies (study 7) and all three studies on other 
countries-Western Java, South- western Uganda and 
Iringa, United Republic of Tanzania-{studies 8-10) 
reported no significant sex differences in mortality. 
Out of the six studies reporting sex differences in 
mortality, two did not indicate whether controls for 
sex differences in nutritional status accounted for the 
mortality difference (study 2, Matlab, Bangladesh; and 
study 6, Sirjganj Y opalpur, Bangladesh).13 Two 
studies (studies 1 and 4, both on Matlab, Bangladesh) 
showed that the introduction of such controls could 
account for sex differences in mortality; and another 
two (studies 3 and 5, also on Matlab, Bangladesh) 
reported that sex differences persisted even after 
controlling for differences in nutritional status. 

It is of interest to compare the last two sets of 
studies in terms of other characteristics displayed in 
table 36 in an attempt to determine why they produce 
divergent results. The two sets show no systematic 
differences in geographical area covered, the age 
ranges considered or the strength of the relative risk 
measured. However, the two studies that are supposed 
to have accounted for the sex differential in mortality 
(studies 1 and 4) used mid-upper arm circumference 
(MUAC), whereas the two studies that did not account 
for the sex differential in mortality used weight-for
age alone (study 5) or weight-for-age in combination 
with other anthropometric indices (study 3). That 
feature may be part of the explanation for the diver
gence in results because data provided in Cogill 
(1982) reveal that the sex differences in MUAC are 
considerably greater (t-statistic = 8.24) than the similar 
differences in weight-for-age (t = 2.61). In addition, 
MUAC is the strongest predictor of mortality when the 
child's age is not taken into account. Those two facts 
suggest that MUAC is a stronger control variable than 
weight-for-age. Unfortunately, the fact that MUAC is 
confounded by child's age (as a predictor of death) 
makes it difficult to interpret the results. Thus, the 
only useful conclusion that can be drawn is that the 
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two studies that control for weight-for-age were not 
able to account for the sex differential in mortality, 
suggesting that other systematic differences between 
the sexes may exist to account for the mortality 
differential. 

Five of those studies (all on Bangladesh) reported 
results concerning sex differences in the slope of 
mortality plotted against anthropometric indicators of 
malnutrition. That reflects a greater interest in statisti
cal interactions rather than statistical main effects, in 
that a statistically significant interaction indicates 
that the slope of mortality on nutritional status is 
greater for children of one sex. As noted earlier, 
theoretical considerations suggest that a weaker 
relation between mortality and malnutrition should 
exist within a group that is receiving better health care. 
Two studies (5 and 7) show no difference between 

the sexes but three of them (1-3) indicate that the 
mortality-malnutrition relation is weaker among males 
than females, suggesting that males receive better 
health care. The reasons for this inconsistency are 
unclear, but the balance of evidence supports the 
health care hypothesis emanating from previous work 
(Basu, 1989; Fauveau and others, 1991). It is uncer
tain whether similar processes are at work elsewhere 
because those relations have not been examined in 
other settings (8-10). 

3. Findings from cross-national analysis 

The analysis of cross-national data is another 
approach to examining the extent to which sex differ
entials in mortality can be accounted for by sex 
differentials in nutritional status. In order to address 
this question, results of World Fertility Surveys (WFS) 
and Demographic and Health Surveys (DHS) in 44 
countries (summarized by Tabutin and Willems, 1995) 
were combined with results from nutrition surveys in 
53 countries (as compiled by UNICEF, 1993). That 
compilation resulted in a data set containing 37 
countries with data on sex-specific mortality (infants 
and children aged between 1 and 5 years, separately) 
and sex-specific prevalence of low weight-for-age 
(weight-for-age< -2 Z-scores in most cases) among 
children under five years of age. It was not possible to 
obtain sex-specific weight-for-age prevalences for 
infants (less than 1 year) and children (1-4 years) 
separately. The data set includes 13 countries from 



sub-Saharan Africa, S from Northern Africa or West
ern Asia, 8 from Asia and 11 from Latin America. 
Table 37 shows the descriptive statistics for the key 
variables in the total sample. It should be noted that 
the mean sex mortality ratio14 is above 100 for infants 
(more males dying than females) and below 100 for 
children (more females than males dying). For infants, 
this is a fairly consistent result across all countries in 
all regions. For children, it is consistent in all regions 
except sub-Saharan Africa, where roughly half the 
countries included in the sample are above and half 
below 100 during childhood. 

Figure 29 shows plots of infant and child mortality 
against the prevalence oflow weight-for-age in the 37 
countries. There is a moderate positive relation in 
both cases, with an R-square value of0.214 for infants 
and 0.504 for children. Preliminary multiple regres
sion analysis revealed that there are strong and signifi
cant main effects of region on infant and child mortal
ity (as can be detected in figure 29); accordingly, 
these were controlled for through multiple regression 
analysis in order to assess the strength of the 
mortality-malnutrition relation (estimated by the slope 
of mortality on the prevalence of low weight-for-age) 
in those 37 countries. The results of those models for 
infant and child mortality in table 38 show that malnu
trition has a strong association with infant and child 
mortality across those 37 countries, and the mortality 
rates for sub-Saharan Africa, Northern Africa, West
ern Asia and Latin America are all higher than those 
in Asia. Those models achieve remarkably high 
adjusted R-square values, with a value of 0.446 for 
infants and 0.714 for children, substantially higher 

than values reported by Haaga and others (1985) in 
a similar analysis of 24 countries: they reported an 
R-squared value of 0.236 for children, and even that 
result was obtained only after omitting the Southern 
Asian countries because they did not seem to fit the 
overall pattern. 

The purpose of the present analysis in the present 
context is to derive slope estimates for mortality on 
malnutrition in order to estimate the extent to which 
sex differences in mortality may be accounted for by 
sex differences in nutritional status across countries.15 

The resulting slopes shown in table 38 (1.74 for 
infants and 2.14 for children) were then used to predict 
what the mortality rate for females would be in each 
country if they had the same nutritional status as the 
males in that country, which involves applying the 
following formula to the 37 country data set: 

INFANTS: p mart(/)= Omort(f) + 1.74 x [NSm·NS.J 

CHILDREN: P mort(f) = Omort(f) + 2.14 x [NSm·NS.J 

where: 

P mort(f) refers to the predicted mortality of females; 
omorl(/j refers to the observed mortality of females; 
NSm and NS1 refer to the prevalence of low weight-

for-age for males and females, respectively. based on 
the data for all those under age S. 

The use of that approach implicitly assumes that the 
strength of the relation between malnutrition and 
mortality within a single country is similar to that seen 

TABLE 37. INFANT AND ClDLD MORTALITY AND LOW WEIGHT•FOR·AGE IN COUN1RIES USED IN CROSS-NATIONAL ANALYSIS 

Males Females Sex ratio' 

Variable Mean SD Min Max Mean SD Min Max Mean SD Min Max 

Infant mortalityb ....... 84.4 35.1 29.0 161.0 72.6 31.3 25.0 126.0 118 16 85 160 
Child mortalitr ....... 51.1 41.4 3.4 166.0 53.9 43.3 3.4 174.0 95 13 59 128 
Low weight-for-aged .... 23.5 14.8 3.3 64.8 23.8 15.8 4.1 67.8 102 15 70 159 

Source:Child Malnutrition: Progress Toward the Word Summit/or Children Goal (United Nations Children's Fund, 1993); and Dominique 
Tabutin and Michel Willems, "Excess female child mortality in the developing world during the 1970s and 1980s", Population Bulletin of the United 
Nations, No. 39 (United Nations publication, Sales No. E.95.XIIl. l 7), pp. 45· 78. 

•too x males/females. 
bDeaths per 1,000 per annum to 0-11-month olds. 
".Deaths per 1,000 per annum to 12-59 month olds. 
llJ»revalence of weight-for-age< 80 per cent, children aged 0-59 months. 
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Figure 29. Relation between infant and child mortality and malnutrition 
prevalence in 37 developing countries 
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Sources: Based on data taken from Child malnutrition: progress toward the World Summit for Children Goal (United 
Nations Children's Fund, 1993); and Dominique Tabutin and Michel Willems, "Excess mortality among girl children in 
the world from the 1970s to the 1980s", Population Bulletin of the United Nations, No. 39 (United Nations publication, 
Sales No. E.95.Xlll.l 7), pp. 45-78. 

125 



TABLE 38. MULTIPLE REGRESSION RESULTS FOR INFANT AND CHILD MORTALI1Y IN 37 COUNTRIES 

Age~oue. Predictor variables Coefficients S.E. T-value Probability 

Infants (less Malnutrition ............... 1.74 .39 4.47 .0001 
than l year) Africa ..................... 55.59 13.0 4.27 .0002 

Northern Africa and 
Western Asia .............. 48.56 18.62 2.61 .0137 

Latin America .............. 39.44 15.62 2.52 .0167 
Constant ................... -0.61 18.7 -.033 .9742 

R2 = 44.6 per cent 

Children (l-4) Malnutrition ................ 2.14 .36 5.96 .0000 
Africa ..................... 84.85 12.00 7.08 .0000 
Northern Africa and 

Western Asia .............. 48.15 17.14 2.81 .0084 
Latin America .............. 43.36 14.38 3.02 .0050 
Constant ................... -47.43 17.17 -2.76 .0094 

R2 = 71.4 per cent 

Nora: A fonnal test for heterogeneity in malnutrition slopes accross regions is not statistically significant in either age 
group. ; omitted group for the regional dummy variables is Asia; "malnutrition" refers to the prevalence of low weight-for
age (< -2 Z-scores). 

across countries, and that the slope is the same for 
males and females. The latter assumption was tested 
using this cross-national data set and found to hold at 
the national level of analysis. The assumption con
cerning the precise strength of the relation can be 
relaxed somewhat, if the objective of the present 
analysis is simply to observe the direction in which 
sex mortality ratios would change if males and females 
had the same nutritional status in each country. Then 
the only assumption is that the slope of mortality on 
malnutrition is positive in sign. In addition, it is 
necessary to bear in mind that the nutritional status 
Variiible being used here is based on all those under 
age 5 combined; that is ·an appropriate indicator for 
predicting child mortality, but its use for predicting 
infant mortality requires the assumption of a strong 
positive correlation between male-to-female ratios for 
infant malnutrition and child malnutrition across 
countries. 

Figures 30 and 31 show the results of the analysis in 
graphic form. In each case (infants and children), the 
mortality ratio by sex is calculated based on the 
observed values ( 100 x males/females) and the pre
dicted values (100 x males/predicted females). The 
observed and adjusted ratios are plotted in figures 30 
and 31, arranged in ascending order within regions. In 
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sub-Saharan Africa and Northern Africa/Western 
Asia, there is little difference between observed and 
predicted ratios, reflecting the similarity in nutritional 
status between boys and girls in that region. The one 
exception is Rwanda, where the prevalence of under
weight among those under age 5 is almost 50 per cent 
higher for females, thereby causing a large adjustment 
in the ratio. In Asia, the adjustment causes little 
change in India and Pakistan (where sex differences in 
nutritional status of those under age 5 are minimal at 
the national level) but causes substantial increases in 
the ratio in some other countries. Thus, the relatively 
high male infant mortality in those countries (accord
ing to WFS and OHS data) would be even higher were 
it not for the more favoured nutritional status of male 
aged under 5 in those countries. In Latin America, the 
country-specific results are even more mixed, with 
some countries showing an increase in the sex mortal
ity ratio and others showing a decrease. 

The results for children shown in figure 31 are 
broadly similar for sub-Saharan Africa, in showing 
little effect of the adjustment procedure except in 
Rwanda. In Northem Africa/Western Asia, the 
unfavourable mortality of females would be even 
worse in Algeria and Jordan were it not for the slightly 
favoured nutritional status of girls in those countries. 
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Figure 30. Sex mortality ratios before and after equalization 
of nutritional status (infants) 
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Figure 31. Sex mortality ratios before and after equalization 
ofnutritional status (children) 

x 

i x· J 
·k . 
j· ~x: 

~ 
X>• x !. 

I X• 

x 

IX • 
x 

• 
! 

X·. x I 
.! ! 

.! x i 

I 
·. k 
X a! 

x ~ 
D 

x . 
m 

x· 

~ 
~ 

x: 

; 

k 
mi 

x 
x 

m 

80 90 100 1ro 1~ 1~ 

Ratio 

• Observed X Adjusted 

128 

x 

140 150 180 

x 

170 180 



In most of the Asian countries (except Pakistan and 
India), the adjustment procedure results in an increase 
in the sex mortality ratio. Those increases are particu
larly large in Indonesia and Sri Lanka. In China, the 
current 10 per cent excess in female child deaths 
would be converted into a 10 per cent excess in male 
deaths if the two sexes had equal nutritional status. In 
Indonesia and Sri Lanka, the current parity in child 
mortality would be converted into an excess of male 
deaths if female nutritional status were raised to the 
current levels seen among males. The results for Latin 
America are again mixed; the current excess of female 
deaths in many countries would be made worse in 
about half those countries and better in the other half, 
but only in Peru would the changes be sufficient to 
cause an excess of male deaths. In other words, in 
most of the Latin American countries there are other 
factors at work (other than nutritional status) in ex
plaining the excess female mortality among children. 

D. DISCUSSION 

1. Malnutrition, morbidity and mortality 

The results on the fundamental relation between 
malnutrition and mortality have a number of implica
tions for health policy and for interpreting mortality 
statistics and studies in developing countries. From a 
policy perspective, the population attributable risk 
estimates suggest that programmes directed at screen
ing and treating only the severely malnourished would 
have the potential to prevent only about 17 per cent of 
malnutrition-related deaths (using the average figure 
for the 53 countries shown in figure 27). The remain
ing 83 per cent of malnutrition-related deaths are 
related to mild-to-moderate malnutrition. The analysis 
also shows that 56 per cent of all child deaths are 
caused by the potentiating effects of malnutrition on 
disease, which implies that only 10 per cent of all 
child deaths can be prevented by focusing only on the 
severely malnourished. Larger impacts could be 
achieved by pursuing policies and prograrrimes that 
attempt to shift the entire distribution of nutritional 
status, thereby improving mild-to-moderate malnutri
tion, which accounts for most of the nutrition-related 
deaths. In addition, because of the multiplicative 
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effects arising from the synergism between malnutri
tion and morbidity, the largest impacts could be 
expected in populations with the highest exposure to 
disease and/or highest prevalence of malnutrition. It 
is important to stress that the nutritional improvement 
of populations is expected to reduce mortality from 
several diseases simultaneously, even if exposure to 
those diseases remains unchanged. That broad effect 
should be distinguished from a disease-focused 
approach that employs separate interventions to 
prevent or treat each disease. Clearly, it is desirable to 
improve nutritional status and to reduce disease 
exposure, but the multiple-disease impact of nutri
tional improvement should be taken into account when 
attempting to design the most cost-effective interven
tions in the face of resource constraints. 

In addition to the above implications for policy, the 
results summarized here suggest that changes are 
warranted in the way planners and researchers compile 
and interpret statistics, and in the way they pose 
research questions. A common mistake is to equate 
nutrition with food (and malnutrition with lack of 
food), and to think of this as being a determinant of 
mortality that is somehow independent of and additive 
to health status. Another common mistake is to 
assume that severe malnutrition is the primary or only 
form of malnutrition that has consequences for mortal
ity. One practical implication is that the tendency to 
dMde total child mortality into the percentage due to 
various infectious diseases (the "pie chart approach") 
should no longer be considered a valid representation 
of reality. Such an approach cannot possibly incorpo
rate the synergistic or potentiating role of malnutrition 
because malnutrition cannot be shown as an independ
ent slice of the pie chart nor can it be left off the pie 
chart completely. The effect of malnutrition is to 
make the entire pie larger (i.e., multiply the number of 
deaths occurring to existing infectious diseases), 
although additional work is required to determine 
whether the slices making up individual infectious 
disease retain their relative proportions. Those practi
cal aspects related to statistics and their presentation 
have important implications for policy because they 
have a strong influence on the allocation of resources 
to nutritional improvement versus disease-focused 
approaches. 



2. Malnutrition and sex differentials 
in mortality 

A number of studies have examined the possible 
reasons for sex differentials in infant and child mortal
ity; they have been reviewed above. Many of them 
are based on ethnographic study of infant and child
care practices or small surveys of feeding, health-care 
practices and illness patterns. Those studies provide 
insights into some of the possible microbehavioural 
determinants of mortality differentials by sex but 
typically cannot link them directly to mortality. 
Another common approach involves the statistical 
analysis of household and national characteristics that 
predict mortality or mortality differentials. Studies of 
that type have the advantage of using mortality as the 
outcome variable rather than intermediate outcomes, 
such as feeding, health status and use of health care. 
However, most have not modelled the influence of 
nutritional status directly. The analyses described in 
the present chapter fall somewhere between those 
other two approaches; they include mortality as the 
outcome variable and nutritional status as a determi
nant, and they involve prospective studies at the 
individual level and cross-sectional analyses at the 
cross-national level. Thus, they add to the knowledge 
obtained from the other two broad approaches. 

The cross-national analysis of sex differentials in 
nutritional status and mortality reveal the need for 
region-specific interpretation, and the discussion here 
is limited to children rather than infants (because 
information on nutritional status of infants was not 
available). In sub-Saharan Africa, countries vary from 
having a 20 per cent excess of female deaths to a 
20 per cent excess of male deaths. That variation does 
not appear to be associated with sex differences in 
nutritional status because adjustment for nutritional 
status has little effect on the male-female mortality 
ratios. In Northern African and Western Asian coun
tries, it appears that in two countries (Algeria and 
Jordan) the mortality bias against females would be 
much greater were it not for the fact that females have 
higher nutritional status than males. That result is 
consistent with a hypothesis of poorer health care for 
females but falls far short of proof. In India and 
Pakistan, it appears that the mortality bias against 
females has little to do with sex differences in nutri
tional status, at least at the national level of analysis 
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used here. In all the other Asian countries studied 
here, it appears that female mortality would be im
proved to a variable extent across countries if girls 
were to achieve the same nutritional status as boys. 
The results for Latin America do not appear to support 
any generalizations for that region. 

Prospective studies of individual children do not 
have the same broad regional coverage as the cross
national studies but they are nonetheless revealing. 
They confirm that mortality is biased against females 
in Bangladesh but they do not reveal such bias in 
Indonesia, Uganda and the United Republic of Tanza
nia. The studies on Bangladesh provide mixed results 
concerning the question of whether the higher mortal
ity among females can be accounted for by sex differ
ences in nutritional status. Two studies indicate that 
that is so, but the other two indicate that a residual 
mortality differential persists even after controlling for 
the differences in nutritional status of males and 
females. The studies suggesting that nutritional status 
can explain the mortality differential by sex may be 
confounded by the use of simple arm circumference as 
an indicator of nutritional status, but the question 
requires further study. 

The prospective studies have also been reviewed to 
confirm whether the higher mortality of females in 
Bangladesh may reflect differences in health care quite 
apart from any differences in nutritional status. Three 
of the five studies find a weaker association between 
nutritional status and mortality among males than 
among females, a pattern that strongly suggest that 
males receive higher quality health care. Those results 
confirm the findings of other studies that employed 
different methodologies. 

The present results concerning sex differentials have 
additional importance because they further clarify the 
nature of the relation between malnutrition, morbidity 
and mortality. Specifically, they confirm that the 
mortality consequences of the powerful synergism 
between malnutrition and morbidity can be mitigated 
by access to health care (as seen among males in 
Bangladesh). They also reveal that the failure to 
address the synergism by either reducing exposure to 
disease or improving nutritional status places children 
in a high-risk situation for mortality when access to 
health care is limited (as seen among females in 



Bangladesh). That feature has implications for the 
cost-effectiveness and sustainabilit)' of alternative 
approaches to reducing child mortality. Specifically, 
it suggests that cost-effectiveness calculations could be 
performed for various combinations of health care 
improvement, nutritional improvement and reductions 
in disease exposure to determine the most cost-effec
tive strategy in the medium term. Such analysis would 
be extremely useful for policy planning. It should be 
recognized that curative care may mitigate child 
mortality, but that strategy is likely to be less sustain
able (financially and politically) over the long term, 
and is likely to have negative effects on equity because 
of barriers in access to care. 

NOTES 

1 Positive deviance studies attempt to identify characteristics of 
caretakers and their households that are associated with better-than
expected health and nutritional outcomes in their children, considering 
the poor socio-economic and environmental conditions in which they 
live. 

2The only exceptions are two studies on Zaire: (a) the study of the 
Kasongo Project Team (1983), which appeared to grossly underenu
merate deaths and did not have the quality of measurements seen in 
other studies; (b) a study (by Van Den Broeck and others (1993), 
which is described in section B.4. 

3The age ranges at baseline for the various studies are as follows: 
United Republic ofTanzania (6-30 months); Papua New Guinea (6-30 
months); Malawi (6-59 months); Teknaf(l2-59 months); Matlab Id 
(12-23 months); Matlab 4(12-59 months); India (12-36 months) and 
Indonesia (0-59 months). 

4Weight-for-age refers to the weight of a child in relation to the 
expected weight of a same-sex, same-age child in a healthy, well
nourished population. Expected values, or reference values, have been 
published by the World Health Organization (1988). The child's 
weight is often expressed as percentage of the median value from the 
reference population. In the present paper, severe malnutrition refers 
to values less than 60 per cent of median, moderate malnutrition to 
values between 60 and 69 per cent of median, mild malnutrition to 
values between 70 and 79 per cent of median and "normal" to values 
at or above 80 per cent of median. Individual studies may employ 
somewhat different categories. 

50ne exception is the early study in Bangladesh by Chen, 
Chowdhury and Huffinan (1980), which found mortality to be elevated 
only when weight-for-age is less than 65 per cent of the median. That 
result has not been confirmed in any other studies, including some 
from the same area of Bangladesh and some from other populations as 
shown in figure 26. 

6Under a multiplicative model, the total death rate is a function of 
the product of malnutrition prevalence and disease exposure, whereas 
under an additive model total, death rate is a function of the sum of 
deaths due to malnutrition and deaths due to disease considered 
separately. 

7Relative risk refers to the mortality rate among a given category of 
the malnourished relative to that among the well-nourished. 

8Refering to the odds of death among the malnourished relative to 
the well-nourished. 
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9P AR= P(RR-1)/(1 +(P(RR-1 ))) where P = prevalence of malnutri
tion and RR= the relative risk of mortality among the malnourished. 

1°The World Bank (1993) defines DAL Ys as a measure of the global 
burden of disease. It combines the loss oflife due to premature death 
with the loss of healthy life from disability. Among young children, 
as in the data contained in table 33, it primarily reflects premature 
mortality. 

11 ln other words, RRm = M(a)/m(a), where M(a) is the mortality 
due to cause (a) among the malnourished and m(a) is the mortality 
due to cause (a) among the well-nourished; that statistic is calculated 
separately for each cause of death and the results are shown in table 
34. 

12Samples drawn from Argentina, Bolivia, Brazil, Chile, Colombia, 
El Salvador, Jamaica and Mexico. 

13Studies reviewed in the present section used either multiple discri
minant analysis or multiple logistic regression analysis to examine the 
determinants of child mortality; these methods permit an assessment 
of the extent to which the sex differences in mortality (as observed in 
the simple bivariate analysis) persist after the other variables in the 
model are taken into account or "controlled for" in the analysis. 

14Mortality rate among males divided by the mortality rate among 
females, multiplied by 100. 

15 An alternative approach would be based on the slope estimates 
derived from the prospective studies reviewed above. However, that 
would require sex-specific estimates of the prevalence of severe, 
moderate and mild malnutrition in each country, which do not exist. 
A more serious problem is that it would require knowledge of the 
"baseline mortality" (mortality among the well-nourished) in each 
country, if the interest is in predicting the absolute mortality rate as 
required here. 
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VI. SEX DIFFERENTIALS IN THE NUTRITIONAL STATUS 
OF YOUNG CHILDREN 

A. Elisabeth Sommerfelt* and Fred Arnold* 

Children's nutritional status is a reflection of their 
overall health. Children that have access to an ade
quate food supply and that are not burdened by disease 
reach their growth potential and are considered well
nourished. However, children in developing countries 
often do not receive an adequate food supply, espe
cially during the critical first years of life. They are 
also exposed to repeated infectious illnesses that are 
often not managed properly. Poor nutritional intake in 
combination with repeated illness results in under
nutrition. An examination of nutritional status is 
therefore crucial in order to gain an understanding of 
differentials in infant and child mortality since under
nourished children are at a greater risk of dying than 
well-nourished children. Further discussion of the 
causes and consequences of poor nutritional status 
may be found in chapter V above. 

Both feeding patterns and the treatment of disease 
may differ by the sex of the child, ultimately leading 
to poorer nutritional status for children of the sex that 
is less favoured. A strong preference for sons has 
been observed in many societies, particularly in 
countries of Northern Africa, Eastern Asia, Southern 
Asia and Western Asia (Williamson, 1976; Arnold, 
1992, 1977). In some cases, son preference is mani
fested in discriminatory practices against female 
children (Ravindran, 1986). Discrimination against 
girls in the distribution of food has been noted in 
several countries (Chen, Huq and D'Souza, 1981; 
Miller, 1981; Roberts and others, 1981; Sebai and 
Reinke, 1981; Brown and others, 1982; Sabir and 
Ebrahim, 1984; Makinson, 1986; Das Gupta, 1987). 
There is substantial disagreement, however, on 
whether discrimination in feeding practices is a cause 
of excess female mortality in children (Ravindran, 
1986; Waldron, 1987; Basu, 1989). Sex differences in 

*Demographic and Health Surveys Program, Macro International, 
Calverton, Maryland. 
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the prevalence of childhood diseases are generally 
insignificant where son preference is widespread 
(Hossain and Glass, 1988; Boerma and others, 1991; 
Arnold, 1992). However, a strong preference for sons 
may induce parents to provide better medical care 
for sons than for daughters when they become ill 
(Froozani, Malekafzali and Bahrini, 1980; Locoh, 
1987; Khan and others, 1988; Jejeebhoy, 1991; 
Deolalikar and Vashishta, 1992). Unfortunately, most 
studies of children's nutritional status do not discuss 
the results separately for boys and girls. Among those 
that do, some report that there are no differences 
between males and females (Wolde-Gebriel and 
others, 1993; Chirmulay and Nisal, 1993; Rankins and 
others, 1993; Schoenbaum, Tulchinsky and Abed, 
1995). A review comparing the percentage of children 
classified as underweight according to sex found that 
there was no consistent difference between boys and 
girls (Wardlaw, 1992). A few studies have found 
better nutritional status among girls than among boys, 
including one about Australian aboriginal children 
under age 2 (Gracey and others, 1992) and a meta
analysis of anthropometric studies in sub-Saharan 
Africa (Svedberg, 1990). But other studies have 
reported more undernutrition among girls than among 
boys (Visweswara Rao and Balakrishna, 1990; Rao 
and Kanade, 1992). 

It has been suggested, however, that discrimination 
against girls in some countries may be focused on 
those with older sisters (Das Gupta, 1987). Since 
parents often want to have one daughter even in 
countries where son preference is strong, only girls 
that are considered to be in excess of parental wishes 
may suffer from relatively poor treatment. Sex differ
ences in undernutrition may also vary by age of the 
children. In one of two subgroups in Malawi, Pelletier 
and Msukwa ( 1991) found a greater deterioration in 
the nutritional status of girls than that of boys as 
children grew older. 



The present chapter examines differences in nutri
tional status between boys and girls drawing upon 
recent data from the Demographic and Health Surveys 
(DHS) programme. Since many of the factors that 
lead to undernutrition are related to the behaviour of 
the child's mother or principal caretaker, sex differ
ences in the nutritional status of children may emerge 
if either boys or girls are treated preferentially. For 
example, vaccination against measles prevents a 
disease that carries an increased risk of dying for 
children in developing countries. Those that do get 
measles and survive often exhibit a deterioration in 
nutritional status following infection. If the preva
lence of measles vaccination is higher among boys 
than among girls, that factor may lead to sex differ
ences in nutritional status. 

Feeding practices also influence nutritional status. 
Feeding fluids or foods other than breast milk usually 
place young children at an increased risk of becoming 
undernourished. Liquids are often contaminated and 
they do not provide the nutrients required by the 
infant. The prevalence of bottle feeding also provides 
an indication of inappropriate feeding practices. The 
present study, however, does not examine either 
feeding practices or the incidence of childhood dis
eases as possible determinants of nutritional status 
and mortality risks. Instead, the aim ·is essentially 
descriptive, with a focus on assessing the nutritional 
status of boys and girls as measured by 41 cross
sectional surveys carried out as part of the DHS. 
Those surveys were conducted using comparable 
questionnaires, field procedures and data-processing 
operations. Moreover, the various measures of nutri
tional status on which the analysis is based were 
calculated using the same methodology so that direct 
cross-national comparisons can be made. Sections A 
and B describe the methods used by the surveys to 
measure nutritional status, and provide definitions of 
the indices and indicators used in the analysis; sections 
C and D present and discuss the empirical findings on 
differential undernutrition. 

A. SOURCEOFDATA 

The DHS programme, which is funded primarily by 
the United States Agency for International, assists 
developing countries in carrying out nationally repre
sentative surveys on health and demographic issues. 
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The surveys provide information for programme 
planners, policy makers and researchers. The first 
five-year phase, DHS-I, began in 1984; the second, 
DHS-11, in 1988; and the third, DHS-111, which is 
currently in progress, in 1992. 

The surveys carried out under the DHS programme 
gather information necessary to estimate fertility 
levels, trends and desires, as well as infant and child 
mortality levels and trends. The surveys also include 
extensive sets of questions on contraceptive knowl
edge and use, and maternal and child health. The 
maternal and child health section records information 
on maternity care, childhood vaccinations, treatment 
of common childhood illnesses, breastfeeding and 
other feeding practices, and measurement of weight 
and height of children and mothers. 

The DHS programme carries out nationally repre
sentative, cross-sectional household surveys, whose 
respondents are generally women aged 15-49, except 
in Brazil and Guatemala, where the upper age limit 
was 44. In most countries, all women in the relevant 
age group, regardless of marital status, were can
vassed, but in Northern Africa and Asia only ever
married women were interviewed (except in the 1992 
Morocco survey). Child health and nutrition informa
tion was obtained for all the respondent's children born 
after a specified date preceding the survey. In most 
DHS-I surveys, anthropometric measurements were 
obtained for children aged between 3 and 36 months 
at the time of the survey, whereas questions about 
breastfeeding and other feeding practices and child 
health were asked in reference to children under age S. 
In DHS-11 surveys, information on both nutrition and 
health was obtained for all children born during the 
five years preceding the survey. In DHS-III surveys, 
both nutrition and health information was obtained 
only for children born during the three years preceding 
the survey. Table 39 indicates the age group of 
children for whom anthropometric information was 
obtained in each of the surveys included in the present 
analysis. 

For a small proportion of children in a population, 
anthropometric measures are not obtained in a typical 
DHS sample. Those omitted cases include children 
whose mothers were under IS years of age or who 
were aged SO years or more at the time of the survey; 
children whose mothers had died; and children living 



TABLE 39. ANnlROPOMETRYIN DEMOGRAPHIC AND HEAL1ll SURVEYS 

Country or area 

Sub-Saharan Africa 
Burkina Faso 
Burundi 
Cameroon 
Ghana 

Kenya 
Madagascar 
Malawi 
Mali 
Namibia 
Niger 
Ondo State, Nigeria 
Nigeria 
Rwanda 
Senegal 

United Rep. ofTanz.ania 
Togo 
Uganda 
Zambia 
Zimbabwe 

Year 
of 

.nuyey 

1992-1993 ................. . 
1987 ..................... . 
1991 ..................... . 
1988 ..................... . 
1993 ..................... . 
1993 ..................... . 
1992 ..................... . 
1992 ..................... . 
1987 ..................... . 
1992 ..................... . 
1992 ..................... . 
1986-1987 ................. . 
1990 ..................... . 
1992 ..................... . 
1986 ..................... . 
1992-1993 ................. . 
1991-1992 ................. . 
1988 ..................... . 
1988-1989 ................. . 
1992 ..................... . 
1988-1989 ................. . 

Western Asia and Northern Africa 
Egypt 1988-1989 ................ .. 

Jordan 
Morocco 

Tunisia 
Turkey 

Other Asia 
Pakistan 
Sri Lanka 
Thailand 

1992 ..................... . 
1990 ..................... . 
1987 ..................... . 
1992 ..................... . 
1988 ..................... . 
1993 ..................... . 

1990-1991 ................. . 
1987 ..................... . 
1987 ..................... . 

Latin America and the Caribbean 
Bolivia 1989 ..................... . 

Brazil (north-east) 
Colombia 
Dominican Republic 

Guatemala 
Paraguay 
Peru 
Trinidad and Tobago 

1993-1994 ................. . 
1986 ..................... . 
1986 ..................... . 
1986 ..................... . 
1991 ..................... . 
1987 ..................... . 
1990 ..................... . 
1991-1992 ................. . 
1987 ..................... . 

Source: Demographic and Health Surveys data. 

Age group for 
anthropometric 

meamrement (months) 

0-59 
3-36 
0-59 
3-36 
3 -35 
0-59 
0-59 
0- 59 
3-36 
0-59 
0-59 
6-36 
0-59 
0-59 
6-36 
0-59 
0-59 
0-36 
0-59 
0-60 
3-60 

3-36 
0-59 
0-59 
0-60 
0-59 
3-36 
0-59 

0-59 
3-36 
3-36 

3-36 
0-35 
0-60 
3-36 
6-36 
0-59 
3-36 
0-59 
0-59 
3-36 

Number of 
children aged 
J-JJ monthS' 

2 501 
1889 
1455 
1 795 
1687 
2 736 
2 615 
1 916 

909 
I 572 
2506 
1346 
3 266 
2 560 

618 
2327 
3 826 
1281 
2327 
3 041 
1496 

1885 
3 959 
l 816 
2959 
2470 
1970 
1 756 

2 418 
1962 
1808 

2 512 
2698 

571 
1307 
1 768 
I 733 
2207 
1950 
3 858 

817 

"Number of children with acceptable height and weight measurements and complete infonnation on year and month of birth; 
for Ondo state in Nigeria, Senegal (1986) and the Dominican Republic (1986), the age range is 6-35 months. 
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away from home. In OHS interviews, women are 
asked to provide information about their children even 
if those children are living away from them. Although 
the mothers interviewed may be able to provide 
information on antenatal and delivery care and on 
early childhood vaccinations for children that are not 
living with them, it is clearly not possible to measure 
the height and weight of those children. However, in 
most countries very few children live away from their 
mothers during the first few years of life, as was 
shown in an assessment of the data gathered in DHS-I 
surveys (Sommerfelt and Boerma, 1993). Conse
quently, no serious bias is expected from the lack of 
information on those children. Similarly the omission 
of children born to very young or very old mothers or 
to mothers that have died is likely to be minor in most 
settings. 

During the first phase of the DHS programme, 
surveys were conducted in 29 developing countries, 19 
of which included the measurement of height and 
weight of the young children of the women inter
viewed. During DHS-11, surveys were carried out in 
22 countries, 18 of which included such measure
ments. For DHS-III, anthropometric data were avail
able for only four surveys at the time of the present 
analysis. The study is therefore based on data from 
the 41 available surveys that gathered the relevant 
information. Six of those surveys are successive 
inquiries in the same country, typically with a five
year interval. It may also be noted that two sur
veys-in Ondo State, Nigeria, and north-eastern 
Brazil-were regional rather than national in cover
age. 

In training the interviewers responsible for the 
measurement of children, the guidelines contained in 
the United Nations manual How to Weigh and Mea
sure Children (United Nations, 1986) were followed. 
A hanging spring-balance weighing scale was used to 
weigh the children in all DHS-I and a few DHS-11 
surveys. Most DHS-11 surveys and all DHS-III 
surveys used a walk-on electronic scale, which is 
accurate to within 100 grams. Older children stood on 
that scale by themselves and younger children were 
held by their mother. The scale allowed a direct 
reading of the child's weight in both cases; no calcula
tion was required by the person conducting the mea
surement. With respect to the measurement of height, 
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many of the DHS-1 surveys used recumbent length for 
children up to age 36 months, although standing height 
is recommended for children aged two years or over. 
Because there is a systematic difference between 
recumbent and standing measurements, one centimetre 
was subtracted from the length of children aged 24 
months or over that were measured lying down. The 
subtraction was done by computer during data pro
cessing, not during data collection in the field. The 
term "height" is used in the present chapter to refer to 
both standing height and recumbent length. 

B. NlITRITIONAL STATUS INDICES AND 

INDICATORS OF UNDERNlITRITION 

The terms "nutritional" and "anthropometric" status 
are used synonymously in the present chapter. Three 
different aspects of a child's nutritional status are 
considered: (a) height related to age (height-for-age); 
(b) weight related to age.(weight-for-age); and (c) 
weight related to height (weight-for-height). Each 
measurement conveys somewhat different information 
about the child's nutritional status. 

Because children's weight amt height increase as 
they get older, those measurements need to be ex
pressed in relation to the growth patterns of a refer
ence population in order to allow for the proper 
comparison of the measurements of children at differ
ent ages. The World Health Organization (WHO) 
recommends that children's height and weight be 
related to age and that weight be related to height 
(WHO, 1986). Because in a well-nourished popula
tion boys are on average taller and heavier than girls 
of exactly the same age, the reference values differ for 
boys and girls, and consequently a child's sex needs to 
be taken into consideration when making comparisons 
with the reference population. WHO recommends that 
a child's weight and height be expressed in terms of 
the number of standard deviation units (SD) that a 
child's measurement (weight or height) deviates from 
the median value of the reference population for 
children of the same age and sex. Such standard 
deviation units are called "Z-scores". The distribu
tions for the International Reference Population 
recommended for use by WHO have been developed 
by the United States Centers for Disease Control based 
on data from the United States National Center for 



Health Statistics. In the case of weight-for-height, the 
weight is related to the median weight for a given 
height. In the International Reference Population, 
only a very small percentage of children (2.3 per cent) 
have a Z-score lower than -2 SD. 

A child's nutritional status is expressed as his or her 
Z-score for each of the three anthropometric indices 
used: height-for-age; weight-for-age; and weight-for
height. At the population level, or for a subgroup of 
children, nutritional status is expressed by the chil
dren's mean Z-score. 

The term "undernutrition" is used here to denote 
protein-energy malnutrition. Three indicators, "stunt
ing", "wasting" and "underweight", are used to 
describe the extent of undernutrition in a population of 
children; each indicator corresponds to one of the 
three indices of nutritional status described above. 
Those indicators are defined as the percentage of 
children whose Z-score falls below a defined cut-off 
point, namely, -2 SD from the median of the Interna
tional Reference Population. 

A child whose height-for-age Z-score is below -2 
SD from the reference population median is short for 
his or her age. The percentage of children whose 
height-for-age Z-scores fall into that category is an 
indicator of the extent of stunting, or linear growth 
retardation, in a population. Sometimes those children 
are referred to as stunted. It should be kept in mind 
that even a child whose Z-score is above the -2 SD 
cut-off point may be stunted, since a child with a 
height-for-age Z-score of -1 SD might have had a 
Z-score of+ 1 SD under optimal conditions. Linear 
growth retardation reflects long-term growth failure or 
chronic undernutrition. It results primarily from 
recurrent and chronic illnesses, especially when not 
treated properly, and from inadequate food intake. 
Diarrhoea, lower respiratory tract infection and measles 
are common illnesses that often contribute to the 
development or worsening of undernutrition among 
children in developing countries. Poor environmental 
sanitation and unsafe and inadequate water supplies 
place children at risk of gastrointestinal infections. 
Inadequate food intake in children can result from lack 
of access to food because of poverty or poor feeding 
practices. Undernutrition in turn places children at a 
greater risk of certain infections. 
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The weight-for-height index describes body mass in 
relation to height. A child with a weight-for-height 
Z-score below -2 SD is considered very thin, that is, 
the weight is low in relation to the child's height. The 
percentage of children in that category reflects the 
degree of wasting in a population. High levels of 
wasting are often the result of insufficient food intake 
in the recent past, and wasting is also commonly seen 
immediately following an illness episode, as for 
instance after diarrhoea. Seasonal changes in food 
supply may also result in changes in the wasting levels 
of a group of children. Since the fieldwork for a OHS 
inquiry typically spans a period of 4-5 months, OHS 
estimates may not reflect accurately the average level 
of wasting throughout the year in countries where 
seasonal variations in wasting are substantial. 

A child whose weight-for-age is below -2 SD from 
the reference population median is underweight for his 
or her age. The weight-for-age index is a composite 
index, reflecting stunting or wasting or both. A child 
who is short is usually also underweight. A child who 
is very thin may similarly have a low weight-for-age 
even if he or she is not short. A child who is both very 
short and very thin will also have a low weight-for
age. Weight-for-age is often us~d for longitudinal 
growth monitoring of children. 

An alternative to using the Z-score method to 
express the child's anthropometric status is the "per
centage of median" approach, which has been used in 
earlier studies. In that method, a child's weight or 
height is expressed as a percentage of the median 
value of the reference population. For example, the 
median weight for boys aged 12 months is about 10 
kilograms (kg). A boy of that same age weighing 8 kg 
is said to weigh 80 per cent of the median. For 
weight-for-age, mild undernutrition commonly refers 
to children whose weight is between 70 and 79 per 
cent of the median weight for their age, moderate 
undernutrition corresponds to 60-69 per cent and 
severe undernutrition refers to those whose weight is 
below 60 per cent of the median. Both the Z-score 
and the percentage of median approaches to the 
measurement of undernutrition allow comparison of 
groups of children of different ages. 

A number of different measures are used in the 
present chapter to assess whether there are differences 



. 
in the nutritional status of girls and boys. The com-
monly used indicators of levels of undemutrition (that 
is, the percentage of children that are stunted, wasted 
or underweight) are shown for the children included in 
the different surveys. Those indicators are the per
centage of children with the relevant Z-scores below 
an arbitrary cut-off point (-2 SD). For almost all of the 
41 surveys considered, the data available refer to 
children 3-35 months of age. The surveys of Senegal 
(1986), Ondo State in Nigeria and the Dominican 
Republic (1986) are the exceptions, since their anthro
pometric measurements include only children older 
than six months. For the 24 surveys that have weight 
and height measurements up to the fifth birthday 
(table 39), the indicators of undemutrition are also 
presented for all children under age 5. 

To assess whether the levels of undemutrition differ 
for boys and girls, the differences between boys and 
girls in the percentages stunted, wasted or underweight 
were calculated. A negative difference implies that 
the percentage in a given undernourished category is 
higher among girls than among boys, and the reverse 
is true when the difference is positive. 

Small differences in the estimated indicators of 
undemutrition between girls and boys in an individual 
country may not reflect real differences in nutritional 
status because of variability due to the sample design. 
In many cases, the measured sex differences can be 
attributed to sampling error. Table 40 shows illustra
tive sampling errors for the three anthropometric 
indicators for children 3-35 months of age in three 
countries with substantially different sample sizes and 
overall levels of undemutrition. The table shows the 
standard error of each estimate for male and female 
children and the related confidence intervals. 

For example, in Egypt (1992), 29.1 per cent of girls 
3-35 months of age are stunted. The standard error of 
the estimate is 1.4 per cent. That value implies that 
there is a 95 per cent probability that the actual per
centage of girls of that age that are stunted is between 
26.2 and 31.9 per cent. The standard errors of the 
estimates are lower in the case of wasting (0.5-1.3 per 
cent) than for the other two indicators (0.9-2.3 per 
cent). The confidence intervals shown in table 40 
indicate that small differences between boys and girls 
in the level of undemutrition are not likely to be 
statistically significant. 
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TABLE 40. SAMPLING ERRORS FOR INDICATORS OF 
UNDERNUTRITION FOR ClDLDREN AGED 3-35 MONlHS, 

BY SEX, EGYPT, MALAWI AND PAKISTAN 

Country 

Egypt (1992) 
Males 

Stunting ..... 
Underweight . 
Wasting ..... 

Females 
Stunting ..... 
Underweight . 
Wasting ..... 

Malawi 
Males 

Stunting ..... 
Underweight . 
Wasting ..... 

Females 
Stunting ..... 
Underweight . 
Wasting ..... 

Pakistan 
Males 

Stunting ..... 
Underweight . 
Wasting ..... 

Females 
Stunting ..... 
Underweight . 
Wasting ..... 

Per-
centage Confidence limits 
under- Standard 

R-2SE R+2SE 

29.6 1.3 27.l 32.l 
13.2 0.9 11.4 14.9 
4.3 0.5 3.3 5.3 

29.1 1.4 26.2 31.9 
13.1 1.0 11.1 15.l 
4.1 0.6 3.0 5.2 

48.5 1.6 45.2 51.7 
33.3 1.9 29.5 37.2 
8.2 1.0 6.1 10.3 

41.1 2.0 37.l 45.1 
27.8 1.8 24.3 31.4 

6.1 0.9 4.3 8.0 

46.8 2.3 42.3 51.4 
40.8 2.1 36.6 45.0 
11.0 1.2 8.6 13.3 

45.3 2.2 40.8 49.7 
37.9 2.0 33.9 42.0 
9.1 1.3 6.6 11.7 

Source: Demographic and Health Surveys data. 

Another indicator considered is the mean Z-score of 
children covered by each survey, which summarizes 
their overall nutritional status. In the reference popu
lation, the average Z-score is zero. A negative average 
Z-score means that the group of children being as
sessed has worse nutritional status than the reference 
population. As in the case of the indicators of under
nutrition, the mean Z-scores are shown first for chil
dren 3-35 months of age, and then for all children 
under age 5, where available. The difference between 
the mean Z-scores of girls and boys is used to compare 
the nutritional status of the sexes. A negative differ
ence once more indicates that the nutritional status of 
girls is worse than that of boys. Thus, if the mean 
height-for-age Z-score is -1.2 for girls and -1.0 for 
boys, the difference (-0.2) indicates that girls are on 



average shorter for their age than boys are in relation 
to the reference population. 

Only children whose mothers reported their month 
and year of birth are included in the analysis. In 
addition, children for whom one or more of the anthro
pometric indices are highly improbable according to 
the guidelines provided by the Centers for Disease 
Control are excluded from the analysis on the assump
tion that those extremely improbable Z-scores were 
the result of errors in measurement in recording the 
results or in ascertaining the child's age. On average, 
for all countries 86 per cent of children 3-35 months of 
age are included in the anthropometric tables. More 
than half of the shortfall is due to children that were 
not weighed or measured. Most of the rest is due to 
lack of complete information on children's dates of 
birth. Fewer than 2 per cent of children were excluded 
because one or more of the anthropometric indices 
were highly improbable. There are only three surveys 
in which less than three-quarters of children are 
included in the tables: Mali (55 per cent), Pakistan 
(72 per cent) and Namibia (73 per cent). 

C. GENERAL FINDINGS 

Table 41 presents the percentage of children 3-35 
months of age experiencing stunting, underweight or 
wasting for each of the 41 surveys. The data show 
that the prevalence of stunting and underweight tends 
to be considerably higher than that of wasting: where
as the median value for stunting is 30 per cent for boys 
and 29 per cent for girls, the corresponding value for 
wasting is 6 per cent for boys and 4 per cent for girls. 
Countries in sub-Saharan Africa generally display 
higher levels of stunting, underweight and wasting 
than countries in other regions. With regard to stunt
ing, for instance, among the 21 surveys showing levels 
of at least 30 per cent among boys, 16 were carried 
out in sub-Saharan Africa. In the case of girls, 15 of 
the 21 ·surveys showing levels of stunting of at least 
28. 7 per cent were carried out in sub-Saharan Africa. 

Although fewer surveys are available for other 
regions, those carried out in Southern Asia-Pakistan 
and Sri Lanka -also show high levels of undernutri
tion, whereas in Latin America only the survey for 
Guatemala shows high levels of both stunting and 
underweight. 
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Not only is the regional variation in the prevalence 
of undernutrition striking, but there are also indica
tions of important variations over time. For those 
countries in which surveys were carried out at two 
different points in time, there appear to be changes in 
the levels of undernutrition, particularly wasting. In 
all cases, consecutive surveys carried out in the same 
country are sufficiently far apart in time that the 
children being measured belong to independent 
cohorts and might therefore have been subject to 
different period conditions affecting the general 
availability of food. 1 

1. Stunting 

For children 3-35 months of age, the range in the 
percentage classified as stunted is similar for boys and 
girls (5-59 per cent for boys, and 5-57 per cent for 
girls). Thus, in every country considered, substantial 
proportions of boys and girls are shorter than their 
counterparts in the International Reference Population. 
The median values for stunting across all 41 surveys 
are 30 and 29 per cent for boys and girls, respectively 
(table 41 ). If stunting levels were about the same for 
boys and girls, one would expect about an equal 
number of positive and negative differences between 
the percentage of boys and girls classified as stunted. 
However, the left-hand box plot in figure 32 shows 
clearly that that is not the case. There are 35 surveys 
in which the difference in stunting levels between 
boys and girls is positive, indicating that boys are 
worse off than girls. Furthermore, in 11 of those 
surveys, the difference exceeds 4 percentage points, 
and 9 of them are in sub-Saharan Africa In contrast, 
among the six surveys where girls appear to be less 
well-off than boys in terms of stunting, five were 
undertaken in countries in Northern Africa (Egypt, 
1988; Morocco, 1992 and Tunisia), and in Southern 
and Western Asia (Sri Lanka and Jordan). 

The mean height-for-age Z-scores reveal a similar 
pattern (table 42). Boys have lower mean scores than 
girls in 35 of the 41 surveys considered. Girls are 
worse off than boys in terms of height-for-age in only 
six surveys, mostly in countries of Northern Africa 
and Southern or Western Asia. 

When all children under five years of age are consid
ered, the median of the proportion classified as stunted 
among the 24 surveys with available data is 29 per 



TABLE 41. UNDERNUI1UTION AMONG CHILDREN UNDER 3 YEARS OF AGE: AMONG CHILDREN 3-3S MONTIIS OF AGE, nm 
PERCENTAGE WHO ARE CLASSIFIED AS S1lJNTED1 UNDERWEIGHT AND WASlED 

Shmling: Undet'Wflight: Wasting: 
Percenlage whou /wight- Percmtage wlrose weight- Percentage whou weight-
joNlgfl Z-score tr below joNlgfl Z-acore tr below for-height Z-6COre tr below 

-2 SlJ' from Refere"" -2 SlJ' fro111 Refere"" -2 SlJ' from Reference 
P'!J!!!.lallon Median P~alion Median P~allon Median 

Dlffe,_ Diffe,_ D;ffe,_ 
e"": elQ: ence: 

Year of Males- Males- Males-
Count~ or area ""!'.!!! Males Fe/1111/es f!./1111/es Males Fe/Ila/es f!./lla/es Males Fellltlles f!./1111/es 

Sub-Saharan Africa 
Burkina Faso 1992-1993 32.2 30.0 2.1 39.2 36.9 2.3 18.6 17.8 0.8 
Burundi 1987 .......... 47.7 47.l 0.6 37.l 38.0 -0.9 6.2 S.l 1.2 
Cameroon 1991 .......... 2S.1 24.2 l.S 16.2 19.3 ·3.1 4.7 3.7 0.9 
Ghana 1988 .......... 30.0 28.8 1.2 30.l 30.4 -0.3 9.2 6.8 2.4 

1993 .......... 29.8 2S.2 4.6 30.9 27.4 3.S 12.3 11.2 1.1 
Kenya 1993 .......... JS.I 30.4 4.7 26.0 23.2 2.8 7.1 6.4 0.7 
Madagascar 1992 .......... SS2 49.7 s.s 43.7 40.3 3.4 6.S S.8 0.7 
Malawi 1992 .......... 48.S 41.1 7.4 33.3 27.8 s.s 8.2 6.1 2.1 
Mali 1987 .......... 23.8 23.9 -0.l 29.8 31.4 -1.S 13.8 8.9 s.o 
Namibia 1992 .......... 32.5 28.9 3.5 27.9 27.9 -0.0 9.4 9.1 0.2 
Niger 1992 .......... 41.4 36.8 4.5 49.S 48.1 l.S 20.3 20.0 0.3 
Ondo State, Nigeria 1986-1987 ..... 32.8 31.6 1.2 27.6 27.3 0.3 6.5 S.8 0.8 
Nigeria 1990 .......... 39.6 38.S 1.2 38.8 36.7 2.1 13.2 9.2 4.0 
Rwanda 1992 .......... 46.8 43.1 3.7 31.3 30.3 1.0 6.0 s.o 1.0 
Senegal 1986 .......... 25.3 20.6 4.7 24.0 20.0 4.0 8.1 3.S 4.6 

1992-1993 ..... 25.3 21.1 4.2 25.6 21.6 4.0 12.4 9.4 2.9 
United Rep. of 
Tanzania 1991-1992 ..... 43.7 39.8 3.9 31.9 30.2 1.7 8.1 6.0 2.1 
Togo 1988 .......... 33.6 28.2 5.4 26.9 2S.2 1.7 6.7 4.6 2.1 
Uganda 1988-1989 ..... 46.3 41.4 4.8 25.6 24.6 1.0 2.2 2.3 -0.2 
Zambia 1992 .......... 40.1 38.5 1.6 29.l 27.4 1.7 6.3 6.4 -0.1 
Zimbabwe 1988-1989 ..... 31.0 28.7 2.3 13.6 11.7 1.8 1.5 0.9 0.6 

Western Asia and Northern Africa 
Egypt 1988-1989 ..... 30.9 31.0 -0.l 13.8 12.9 0.9 1.4 0.8 0.7 

1992 .......... 29.6 29.1 0.5 13.2 13.1 0.0 4.3 4.1 0.2 
Jordan 1990 .......... 16.2 17.2 -1.0 6.8 6.0 0.8 3.8 2.7 1.1 
Morocco 1987 .......... 24.2 23.1 1.1 14.5 13.5 1.0 4.0 3.3 0.7 

1992 .......... 24.0 24.7 -0.7 11.5 10.4 1.1 3.3 2.0 1.4 
Tunisia 1988 .......... 17.2 18.7 -1.5 10.5 10.0 0.5 3.8 2.2 1.6 
Turkey 1993 .......... 16.7 16.3 0.4 10.8 10.2 0.6 4.4 2.8 l.S 

Other Asia 
Pakistan 1990-1991 ..... 46.8 4S.3 1.6 40.8 37.9 2.8 11.0 9.1 1.8 
Sri Lanka 1987 .......... 26.0 28.7 -2.7 37.0 37.7 -0.7 11.6 11.S 0.1 
Thailand 1987 .......... 21.9 21.1 0.8 25.3 2S.4 -0.0 5.3 S.3 0.0 

Latin America and the Caribbean 
Bolivia 1989 .......... 39.4 36.0 3.S IS.I 11.4 3.6 1.7 1.5 0.2 

1993-1994 ..... 28.2 28.I 0.1 16.I IS.2 0.9 5.S 3.1 2.3 
Brazil (north-east) 1986 .......... 31.8 26.7 S.l 14.8 13.4 l.S 1.5 0.6 0.9 
Colombia 1986 .......... 26.4 24.3 2.1 11.1 12.9 -1.8 1.4 1.2 0.2 
Dominican Republic 1986 .......... 24.7 16.8 7.8 14.4 10.6 3.8 3.5 1.2 2.3 

1991 .......... 18.7 16.I 2.6 13.3 10.4 2.9 1.2 l.S -0.3 
Guatemala 1987 .......... 58.7 56.7 1.9 32.4 33.9 -1.4 1.1 l.S -0.4 
Paraguay 1990 .......... 16.7 14.7 2.0 4.2 s.o -0.8 0.2 0.3 -0.2 
Peru 1991-1992 ..... 29.3 26.8 2.4 12.9 11.1 1.8 2.3 1.9 0.4 
Trinidad and Tobago 1987 .......... s.o 4.5 o.s 6.0 6.9 -0.9 3.8 3.8 -0.0 

Median value ........................ 30.0 28.7 25.S 23.2 S.5 4.1 

Source: Demographic and Health Surveys data. 
'Standard deviation. 
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TABLE 42. NUTRITIONAL STATUS OF CHILDREN UNDER 3 YEARS OF AGE: AMONG CHILDREN 3-3S MON'IHS OF AGE, 
THE AVERAGE HEIGHT•FOR·AGE, WEIGHT·FOR·AGE, AND WEIGHT·FOR·HEIGHT Z-SCORE 

Awrage Awrage Aw rage 
height-for-age 'Wflig/tl-for-age 'Wflight-for-heig/tl 

Z-scol'll Z-.scol'll Z-.scol'll 

Differ- Differ- Differ-
ence: ence: ence: 

Year of Females Females Females 
Countryorlll'lla Sllf'VllY Males Females - males Males Females -males Males Females -males 

Sub-Saharan Africa 
Burkina Faso 1992-199J .... -1.2S -1.17 0.08 -I.SJ -1.44 0.09 -1.02 -0.92 0.10 
Burundi 1987 ......... -1.92 -1.80 0.12 -1.6J -l.S9 o.os -O.S2 -0.Sl 0.02 
Cameroon 1991 ......... -1.12 -1.18 -0.06 -0.81 -0.8S -0.0J -0.16 -0.12 0.04 
Ghana 1988 ......... -1.JJ -1.28 o.os -I.J9 -I.JS 0.04 -0.7J -0.69 0.04 

199J ......... -1.27 -1.16 0.11 -1.J6 -1.24 0.12 -0.7S -0.64 0.11 
Kenya 199J ......... -1.4J -1.29 0.14 -1.11 -1.00 0.11 -0.JO -0.21 0.09 
Madagascar 1992 ......... -2.11 -1.97 0.14 -1.81 -1.6S 0.16 -0.62 -0.SO 0.12 
Malawi 1992 ......... -1.96 -1.69 0.27 -1.38 -1.16 0.22 -0.24 -0.10 0.14 
Mali 1987 ......... -1.11 -I.OJ 0.07 -1.42 -1.J2 0.10 -0.92 -0.80 0.12 
Namibia 1992 ......... -1.J6 -1.21 O.lS -1.21 -1.19 0.02 -0.42 -0.48 -0.06 
Niger 1992 ......... -1.6S -I.SJ 0.12 -1.86 -1.86 0.00 -1.08 -1.12 -0.04 
Ondo State, Nigeria 1986-1987 .... -1.49 -1.J9 0.11 -1.JJ -1.JJ -0.01 -O.S2 -O.S6 -0.0S 
Nigeria 1990 ......... -1.S7 -l.S2 o.os -1.S2 -1.48 o.os -0.69 -0.62 0,07 
Rwanda 1992 ......... -1.86 -1.7J O.IJ -1.J9 -I.J2 0,07 -0.28 -0.2S O.OJ 
Senegal 1986 ......... -1.19 -us 0.04 -1.20 -1.01 0.19 -O.S9 -0.JJ 0.26 

1992-199J .... -1.07 -0.99 0.09 -1.12 -I.OJ 0.09 -O.S8 -0.49 0.09 
United Rep. of 
Tanzania 1991-1992 .... -1.79 -1.64 O.lS -1.J9 -1.Jl 0.08 -0.JJ -0.Jl 0.02 

Togo 1988 ......... -I.J9 -1.Jl 0.08 -1.16 -1.08 0.08 -O.J7 -0.JO 0.07 
Uganda 1988-1989 .... -1.88 -1.64 0.24 -1.24 -1.11 O.IJ -0.08 -0.0S O.OJ 
Zambia 1992 ......... -1.70 -1.S9 0.11 -1.29 -1.27 0.02 -0.JO -0.JO -0.00 
Zimbabwe 1988-1989 .... -1.46 -I.J2 O.IJ -0.68 -0.67 0.01 O.JO 0.2J -0.07 

Western Asia and Northern Africa 
Egypt 1988-1989 .... -1.J7 -1.J9 -0.02 -D.72 -0.1S -0.0J 0.18 0.19 0.01 

1992 ......... -1.18 -us O.OJ -0.49 -0.46 0.02 O.JO O.J6 0.06 
Jordan 1990 ......... -0.74 -0.77 -0.0J -0.JS -0.JO o.os 0.16 O.JO 0.14 
Morocco 1987 ......... -1.07 -1.04 O.OJ -0.70 -0.66 0.04 -0.0J 0.02 o.os 

1992 ......... -I.OJ -1.04 -0.01 -0.42 -O.J7 o.os 0.27 O.J8 0.11 
Tunisia 1988 ......... -0.79 -0.82 -0.0J -O.S9 -O.S8 0.01 -0.09 -0.02 0.07 
Turkey 199J ......... -0.67 -0.66 0.01 -0.49 -0.48 0.01 -0.08 -0.0J o.os 

Other Asia 
Pakistan 1990-1991 .... -1.92 -1.81 0.11 -1.66 -I.SS 0.12 -O.S9 -0.48 0.10 
Sri Lanka 1987 ......... -I.JS -1.J7 -0.02 -1.66 -1.62 0.04 -1.01 -0.9S 0.06 
Thailand 1987 ......... -1.22 -1.14 0.08 -I.JO -1.2J 0.07 -0.67 -0.62 o.os 

Latin America and the Caribbean 
Bolivia 1989 ......... -1.61 ·I.SJ 0.08 -0.82 -0.72 0.11 0.21 O.JJ 0.12 

199J-1994 .... -I.2J -1.20 O.OJ -0.8J -0.7J 0.09 -0.08 0.06 0.14 
Brazil (north-cast) 1986 ......... -1.JJ -1.28 o.os -0.68 -0.66 0.01 0.20 0.20 -0.00 
Colombia 1986 ......... -1.24 -1.22 0.02 -0.66 -0.62 0.0!1 0.10 0.18 0.09 
Dominican Republic 1986 ......... -0.97 -0.77 0.21 -0.68 -0.49 0.19 -0.07 o.os 0.12 

1991 ......... -0.94 -0.77 0.17 -0.6!1 -0.!IO 0.14 -0.04 0.06 0.10 
Guatemala 1987 ......... -2.27 -2.26 0.01 -1.47 -1.47 0.01 -0.0J -0.01 0.02 
Paraguay 1990 ......... -0.88 -0.76 0.12 -0.27 -0.24 O.oJ O.J9 O.J8 -0.01 
Peru 1991-1992 .... -1.26 -1.20 0.06 -0.60 -0.!il 0.09 0.2J O.J4 0.11 
Trinidad and Tobago 1987 ......... -0.28 -0.2J 0.0!1 -O.J8 -0.47 -0.08 -0.20 -0.JO -0.10 

Median value ........................ -1.JJ -1.22 -1.16 -1.0J -0.24 -0.21 

Soun:e: Demographic and Health Surveys data. 
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TABLE 43. UNDERNUTRITION AMONG CHILDREN UNDER S YEARS OF AGE: AMONG CHILDREN 0-S9 MONlllS OF AGE, 
TIIB PERCENTAGE WHO ARE CLASSIFIED AS STUNTED, UNDERWEIGHT AND WASTED 

Slunting: 
Perun/age whose height· 
for-age Z-sco1r1 is below 

·1 SlJ' from Reference 
Pof!!!.lalion Median 

Differ-
ence: 

Year of Malts• 
Colllllry or area survey Males Females females 

Sub-Saharan Africa 
Burkina Faso 1992-1993 ... 34.5 32.l 2.4 
Cameroon 1991 ........ 27.3 24.6 2.7 
Kenya 1993 ........ 36.2 30.3 5.9 
Madagascar 1992 ........ 56.2 51.9 4.3 
Malawi 1992 ........ 51.6 46.9 4.7 
Namibia 1992 ........ 30.3 26.7 3.6 
Niger 1992 ........ 40.7 38.l 2.6 
Nigeria 1990 ........ 43.0 42.4 0.6 
Rwanda 1992 .. ' ..... 50.0 47.4 2.6 
Senegal 1986 ........ 25.9 23.5 2.5 
United Rep. of 
Tanzania 1991-1992 ... 44.5 42.0 2.4 

Uganda 1988-1989 ... 47.3 41.6 5.8 
Zambia 1992 ........ 41.2 38.S 2.7 
Zimbabwe 1988-1989 ... 30.0 28.l l.9 

Western Asia and Northern Africa 
Egypt 1992 ........ 26.1 25.8 0.4 
Jordan 1990 ........ 16.2 15.5 0.7 
Morocco 198J ........ 25.3 24.6 0.7 

1992 ........ 24.2 24.2 0.0 
Turkey 1993 ........ 21.l 19.8 l.3 

Other Asia 
Pakistan 1990-1991 ... 50.4 48.7 l.7 

Latin America and the Caribbean 
Brazil (north-cast) 1986 ........ 32.3 26.6 5.1 
Dominican Republic 1991 ........ 17.5 15.4 2.1 
Paraguay 1990 ........ 14.3 13.5 0.8 
Peru 1991-1992 ... 32.4 31.l l.3 

Median value ........................ 32.4 29.2 

Source: Demographic and Health Surveys data. 
'Standard deviation. 

cent for girls and 32 per cent for boys, suggesting 
that girls tend to experience less stunting than boys 
(table 43). Furthermore, in 23 of the 24 surveys, the 
percentage of boys classified as stunted is higher than 
that of girls: that difference exceeds 4 percentage 
points in four African sites (Kenya, Madagascar, 
Malawi and Uganda) and in north-eastern Brazil. The 
mean height-for-age Z-scores reveal the same type of 
differentials and confirm that girls under five years of 
age are generally better off than boys in terms of 
height-for-age (table 44). Only in Turkey do girls 

142 

Undel"Wtllght: Wasting: 
Percenlage wltose weight· Perr:enJage whose weight-
for-age Z·sco1r1 is below for-height Z-score Is below 
·1 SlY' from Reference ·1 SD" from Reference 

Pof!!!.lalion Median Pof!!!.lalion Median 

Differ- Differ-
ence: ence: 

Males· Males· 
Males Females females Ma/es Females females 

33.2 32.2 1.0 13.2 13.2 -0.0 
13.8 16.5 ·2.7 3.0 2.8 0.2 
24.7 20.6 4.1 6.4 5.4 1.0 
41.7 40.l 1.6 s.o 4.3 0.7 
28.7 26.5 2.2 6.0 4.9 l.l 
26.8 25.6 1.3 8.7 8.5 0.3 
42.8 42.4 0.4 15.5 14.5 l.O 
35.2 35.4 -0.l 9.6 8.3 l.4 
29.0 29.8 -0.9 4.4 3.2 1.2 
23.4 21.l 2.2 9.7 7.2 2.5 

28.9 29.l -0.2 6.6 5.5 l.l 
22.9 23.1 -0.3 1.9 l.9 -0.l 
25.7 24.7 1.0 4.9 S.3 -0.4 
11.3 11.6 -0.2 1.3 l.2 0.1 

9.7 10.l -0.3 3.4 3.4 -0.l 
6.6 6.2 0.4 3.7 2.5 l.2 

12.l 12.1 ..().1 3.1 2.6 0.5 
10.l 8.9 l.l 2.5 l.9 0.6 
10.3 10.5 -0.2 3.3 2.5 0.8 

40.6 39.8 0.8 10.2 8.2 2.0 

12.6 12.9 -0.3 l.4 o.s 0.9 
11.1 9.S l.6 1.4 l.S ..().1 
3.2 4.1 -0.9 0.2 0.4 -0.2 

11.4 9.9 l.5 1.8 l.S 0.4 

23.2 20.9 4.1 3.3 

appear to do slightly less well than boys in terms of 
the height they reach at each age. 

2. Underweight 

Information on the percentage of children classified 
as underweight shows differences by sex that are 
similar to those described above in the case of stunting 
(table 41 ), although the female advantage is less 
pronounced than for stunting (figure 32). In half of 
the surveys considered, at l~t 26 per cent of the boys 



TABLE 44. NUTRITIONAL STATIJS OF CIDLDREN UNDER 5 YEARS OF AGE: AMONG CIDLDREN 0-59 MON1HS OF AGE, 
THE AVERAGE HEIGHT·FOR·AGE, WEIGHT·FOR·AGE, AND WEIGHT·FOR·HEIGHT Z·SCORE 

Average Average Average 
height-for-age weight-for-age weight-for-height 

Z-score Z-score Z-score 

Differ- Differ- Differ-
ence: ence: ence: 

Year of Females Females Females 
Count!J!. or area surv~ Males Females -males Males Females - males Males Females -males 

Sub-Saharan Africa 
Burkina Faso 1992-1993 ... -1.35 -1.24 0.11 -1.37 -1.32 0.05 -0.75 -0.72 0.03 
Cameroon 1991 -1.22 -1.16 0.06 -0.76 -0.74 0.02 -0.01 -0.02 -0.01 
Kenya 1993 -1.52 -1.33 0.20 -1.14 -0.99 0.15 -0.29 -0.19 0.10 
Madagascar 1992 -2.17 -2.04 0.13 -1.73 -1.64 0.09 -0.53 -0.46 0.06 
Malawi 1992 -2.03 -1.89 0.15 -1.25 -1.15 0.10 -0.03 0.02 0.05 
Namibia 1992 -1.32 -1.16 0.17 -1.17 -1.12 0.05 -0.43 -0.46 -0.02 
Niger 1992 -1.62 -1.56 0.06 -1.67 -1.68 -0.01 -0.90 -0.91 -0.02 
Nigeria 1990 -1.72 -1.68 0.04 -1.46 -1.48 -0.02 -0.54 -0.55 -0.01 
Rwanda 1992 -1.99 -1.88 0.11 -1.39 -1.31 0.08 -0.23 -0.17 0.05 
Senegal 1992-1993 ... -1.13 -1.08 0.05 -1.08 -1.04 0.04 -0.50 -0.44 0.06 
United Rep. of 
Tanzania 1991-1992 ... -1.80 -1.71 0.08 -1.31 -1.27 0.04 -0.26 -0.24 0.02 

Uganda 1988-1989 ... -1.90 -1.68 0.22 -1.17 -1.05 0.12 -0.01 0.02 0.03 
Zambia 1992 ....... -1.74 -1.61 0.13 -1.23 -1.18 0.06 -0.22 -0.20 0.01 
Zimbabwe 1988-1989 ... -1.44 -1.35 0.08 -0.73 -0.74 -0.00 0.21 0.16 -0.04 

Western Asia and Northern Africa 
Egypt 1992 -1.07 -1.04 0.03 -0.33 -0.32 0.01 0.42 0.45 0.03 
Jordan 1990 -0.78 -0.77 0.02 -0.41 -0.36 0.05 0.12 0.22 0.10 
Morocco 1987 -1.15 -1.12 0.02 -0.72 -0.68 0.04 -0.01 0.05 0.06 

1992 -1.13 -1.11 0.02 -0.49 -0.40 0.09 0.26 0.38 0.11 
Turkey 1993 -0.86 -0.87 -0.01 -0.56 -0.53 0,03 -0.04 0.04 0.08 

Other Asia 
Pakistan 1990 ....... -2.02 -1.95 0.07 -1.64 -1.56 0.08 -0.54 -0.45 0.09 

Latin America and the Caribbean 
Brazil (north-east) 1986 -1.39 -1.23 0.16 -0.74 -0.67 0.07 0.16 0.16 -0.00 
Dominican Republic 1991 ....... -0.92 -0.76 0.16 -0.65 -0.52 0.13 -0.08 0.02 0.09 
Paraguay 1990 ....... -0.79 -0.69 0.10 -0.22 -0.21 0.02 0.38 0.36 -0.02 
Peru 1991-1992 ... -1.39 -1.34 0.05 -0.61 -0.53 0.08 0.32 0.41 0.09 

Median value .................... -1.39 -1.29 -1.11 -1.02 -0.06 0.00 

Source: Demographic and Health Surveys data 

aged 3-35 months are classified as underweight, centage of underweight girls is larger than that of 
whereas the median for girls of the same age is 23 per underweight boys. 
cent In 29 surveys, boys are underweight more often 
than girls. However, the advantage in favour of girls The mean weight-for-age Z-scores shown in table 
reaches 4 or more percentage points in only two 42 corroborate the evidence in table 41 that girls aged 
populations: Malawi and Senegal (1986 and 1992- 3-35 months are better off in terms of weight-for-age 
1993). In contrast, I 0 surveys indicate that the per- than boys of the same age. The differences between 
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Figure 31. Difference between male and female undernutrition among children 3-35 months of age, 
who are classified as stunted, underweight and wasted 
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Source: Table 41. 

the female and male Z-scores are positive for 37 of the 
41 surveys considered. In only four populations 
(Cameroon, Egypt (1988-1989), Ondo State, Nigeria, 
and Trinidad and Tobago) do girls appear to be 
slightly worse off than boys. 

With regard to children under five years of age, the 
differences between the percentages of boys and girls 
classified as underweight tend to be small. Among the 
24 surveys with available data, 13 yielded positive and 
11 negative differences (table 43). Although the sizes 
of the positive differences tend to be somewhat larger 
than those of the negative, the results suggest that the 
prevalence of low weight among children under five 
years of age is not substantially different between boys 
and girls. Differences with respect to mean weight
for-age Z-scores are also small although most tend to 
be positive, indicating that boys are somewhat worse 
off than girls in terms of weight-for-age (table 44). 
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Only in three countries, the Niger, Nigeria, and 
Zimbabwe, are girls slightly disadvantaged compared 
with boys. 

3. Wasting 

Differences in the percentage of boys and girls 3-35 
months of age classified as wasted are largely positive. 
As was shown for stunting and underweight, girls tend 
to fare slightly better than boys in terms ofweight-for
height in most countries (table 41 ). In only five 
surveys is there a negative difference between the 
percentage of boys and that of girls subject to wasting, 
and those differences are uniformly small (figure 32). 
A similar pattern prevails when considering the 
mean weight-for-height Z-scores, which are shown in 
table 42. In 33 of the 41 populations under study, girls 
are better off than boys in terms of their weight 
relative to their height. 



For children under five years of age, differences in 
the proportions experiencing wasting are also small 
(table 43) and mostly positive (in 18 of the 24 sur
veys). In only five populations are girls more likely 
to experience wasting than boys. A pattern of differ
ences favouring girls is generally corroborated by the 
mean weight-for-height Z-scores shown in table 44. 
The difference in the mean weight-for-height Z-scores 
of girls and boys is positive for 17 of the 24 surveys, 
although such differences are generally small. 

0. UNDERNUTRITION AND NUTRITIONAL 

STATUSBYAGEOFCHILD 

According to the data presented so far, boys are 
more likely to be undernourished than girls during 
both the first three and the first five years of life. It 
may be, however, that relative levels ofundernutrition 
by sex change with children's age, particularly if boys 
and girls receive different health care or food. As 
children grow older, preferential treatment might 
become increasingly apparent. Hence, if girls were 
not treated as well as boys one would expect to see a 
deterioration in their relative nutritional status, as was 
found by Pelletier and Msukwa (1991) in Malawi. To 
assess that hypothesis, the data are examined by age 
group and sex. Children are divided into four age 
groups: under 12 months; 12-23 months; 24-35 
months; and 36-59 months. An examination of the 
proportion of children classified as undernourished by 
age gives an indication of whether there are changes in 
patterns of undernutrition as children grow older. 
Tables 45, 46 and 47 present the proportions of 
children classified as stunted, underweight and wasted 
by sex and age group, and the results are summarized 
in figures 33, 34 and 35. The mean Z-scores for the 
three measures of nutritional status are not presented, 
but they reveal similar patterns of sex differences to 
those derived from the measures displayed in tables 
45-47. 

1. Children under 12 months of age 

Among children under 12 months of age, 6-36 per 
cent of boys and 4-29 per cent of girls are classified as 
stunted (table 45). For half of the 41 surveys consid
ered, at least 13.6 per cent of boys under 12 months 
of age and 11.2 per cent of girls are deemed to be 
stunted. High proportions of infants experiencing 
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stunting are particularly common in sub-Saharan 
Africa and Southern Asia . The difference between 
the percentage of boys classified as stunted and that of 
girls is positive in 36 out of 41 surveys, suggesting 
that there is generally less stunting among girls than 
among boys under one year of age. That finding is 
further buttressed by the fact that the difference 
between the percentage of boys and that of girls 
considered stunted exceeds 4 percentage points in 13 
of the 36 surveys with a positive difference. In con
trast, in the five surveys where girls experience higher 
levels of stunting than boys-Bolivia (1993-1994); 
Colombia, Egypt (1992), Jordan and Tunisill--'the 
largest difference observed is only 2 percentage 
points. 

With respect to weight, differences in the percentage 
of boys and girls considered underweight also tend to 
be positive, and suggest that girls are less likely to be 
underweight than boys in infancy (table 46). How
ever, among the 31 surveys where underweight levels 
are higher among boys than among girls, differences 
of 4 percentage points or more in favour of girls are 
found in only five surveys. In contrast, differences in 
favour of boys are recorded in 10 surveys but ex
ceeded 2 percentage points only in Colombia and 
Paraguay. 

In terms of wasting levels, the differences between 
boys and girls during the first year of life are smaller 
than those for stunting and underweight (table 47). 
But once again, most of the surveys considered show 
that levels of wasting are higher among boys than 
among girls (26 surveys out of 41 ). Among the 
remaining surveys, 14 indicate that a higher percent
age of girls than of boys under the age of one are 
wasted but the differences are below 1 percentage 
point in most cases. 

2. Children 12-23 months of age 

With regard to stunting, only seven surveys show 
that girls between the exact ages of one and two years 
are more likely to experience stunting than boys of the 
same age group; however, the differences between the 
percentage of boys and girls experiencing stunting 
tend to be small, ranging from -0.3 to -2.9 percentage 
points (table 45). In contrast, among the 34 surveys 
that show a greater likelihood of stunting among boys 
aged 12-23 months than among girls, the differences 



TABLE 4S. STUNTING AMONG CHILDREN ACCORDING TO AGE: IN EACH AGE GROUP, 
THE PERCENTAGE WHO WERE CLASSIFIED AS STIJNTED 

.~1mr: fllrmrltltlf irlmll IKllbt·tnt:llfl. Z"""'11: u bd.a.111. ·.Z SU: fmm Be"'~ fD/Bd."""'1. M'lllilla. 
M!Jlf.6 Females Dtfl!.n1nce: Mef.es ·Females 

Year of <12 12·23 24-3S 36-S9 <12 12-23 24·3S 36-S9 <12 12-23 24-3S 36-S9 
Co1m11z or 0"10 Sii"".!:'. monJhs 1lfOlllhs 1lfOlllhs 1lfOlllhs 1lfOlllhs 1lfOlll/u monllu 1lfOlllhs monllu 1lfOlllhs monllu 1lfOlllhs 

Sub-Saharan Africa 
Burkina Faso 1992-1993 9.6 43.7 41.1 43.0 8.4 36.1 44.0 40.7 1.2 7.6 -3.0 2.3 
Burundi 1987 . ". 32.S 47.8 60.6 29.1 S0.7 SB.I 3.4 -2.9 2.S 
Cameroon 1991 10.1 3S.O 28.4 33.8 6.9 27.6 36.0 30.3 3.1 1.S -1.S 3.S 
Ghana 1988 "" 10.6 3S.4 42.1 10.3 30.8 42.7 0.4 4.7 -0.S 

1993 "" 8.2 37.1 40.8 7.2 30.S 36.9 1.0 6.6 3.9 
Kenya 1993 " " 16.1 47.3 36.2 39.9 12.S 34.0 40.4 32.9 3.6 13.3 -4.2 7.0 
Madagascar 1992 .... 28.7 66.1 61.S 66.0 23.6 60.1 61.8 61.8 S.I 6.0 -0.3 4.2 
Malawi 1992 .... 22.S S1.3 61.1 64.3 16.2 47.7 S1.9 63.0 6.4 9.6 3.1 1.3 
Mali 1987 .... IS.3 29.7 32.1 10.2 32.S 34.3 S.2 -2.8 -2.2 
Namibia 1992 .... 19.I 41.4 33.4 29.8 18.I 33.8 32.3 2S.l 1.0 7.6 l.l 4.7 
Niger 1992 .... lS.S Sl.l S4.l 48.1 13.0 47.2 Sl.O 48.8 2.4 3.8 3.1 -0.7 
Ondo State, Nigeria 1986-1987 12.0 34.1 44.8 9.8 29.9 49.6 2.3 4.2 -4.7 
Nigeria 1990 .... 18.9 46.2 S2.0 ss.o IS.7 42.8 S4.6 S3.4 3.2 3.S -2.6 1.6 
Rwanda 1992 .... 2S.8 S8.4 49.7 S9.9 17.9 Sl.6 Sl.3 S9.3 7.9 6.9 -1.6 0.7 
Senegal 1986 .... 9.1 29.2 33.3 8.0 2S.O 24.3 1.1 4.2 9.0 

1992-1993 12.3 28.2 33.8 29.9 6.8 27.2 29.0 30.6 s.s 1.0 4.8 -0.7 
United Rep. of 
Tanzania 1991-1992 22.2 S4.6 47.2 S2.3 17.6 4S.9 so.s Sl.4 4.7 8.7 -3.2 0.9 

Togo 1988 .. " 18.3 40.S 37.8 12.4 34.2 3S.2 S.9 6.3 2.6 
Uganda 1988-1989 23.0 S6.8 S2.S SS.2 19.7 49.2 Sl.9 47.0 3.3 7.S 0.7 8.1 
Zambia 1992 .... 17.4 48.1 S0.8 48.9 14.1 47.9 48.2 44.4 3.3 0.3 2.7 4.S 
Zimbabwe 1988-1989 18.0 3S.7 36.S 28.S 16.2 30.l 36.3 27.l 1.8 S.6 0.1 1.4 

Western Asia and Northern Africa 
Egypt 1988-1989 24.9 37.0 29.1 19.6 3S.3 36.0 S.2 1.7 -6.9 

1992 .... 13.1 38.7 30.2 23.8 13.S 39.2 28.S 23.6 -0.4 -0.4 1.7 0.2 
Jordan 1990 .... 8.4 22.9 13.9 17.7 10.8 22.3 IS.7 14.0 -2.4 o.s -1.8 3.7 
Morocco 198'7 .... 10.9 30.S 28.1 29.6 9.3 29.S 31.0 29.7 1.6 1.0 -2.9 -0.1 

1992 .... 10.0 28.S 29.7 26.3 6.S 29.7 31.4 26.0 3.S -1.2 -1.7 0.3 
Tunisia 1988 .... 10.4 19.3 20.7 10.6 20.0 23.7 -0.2 -0.7 -3.1 
Turkey 1993 " .. 7.3 20.1 21.9 28.6 S.1 18.7 22.7 26.6 1.6 1.4 -0.8 2.1 

Other Asia 
Pakistan 1990 . ". 2S.2 SJ.I S6.2 63.0 19.7 S0.3 S7.4 60.4 s.s 2.8 -1.1 2.S 
Sri Lanka 1987 .... 14.9 31.S 28.S 10.6 29.9 39.8 4.3 1.6 -11.3 
Thailand 1987 .. " 13.0 22.6 27.6 9.4 23.7 26.6 3.6 -1.1 1.0 

Latin America and the Caribbean 
Bolivia 1989 " .. 17.7 44.6 so.o IS.9 38.8 S0.3 1.8 S.8 -0.4 

1993-1994 10.9 39.3 31.S 11.2 37.0 31.2 -0.3 2.4 0.3 
Brazil (north-cast) 1986 .... 21.2 42.4 26.S 3S.3 9.4 32.4 3S.O 28.1 11.8 10.0 -8.S 7.2 
Colombia 1986 .... 13.6 2S.I 37.7 14.9 24.6 30.S -1.3 o.s 7.2 
Dominican Republic 1986 .... 12.1 26.1 29.9 7.9 17.8 21.0 4.2 8.4 9.0 

1991 .... 13.6 2S.1 13.0 16.7 11.9 16.3 17.9 IS.8 1.7 9.3 -4.9 0.9 
Guatemala 1987 " " 3S.S 70.8 66.6 29.3 68.1 68.S 6.1 2.7 -1.9 
Paraguay 1990 .. " 8.8 2S.4 12.2 11.9 8.2 22.7 11.9 12.7 0.6 2.7 0.3 -0.8 
Peru 1991-1992 12.9 36.0 34.8 39.2 10.6 29.6 36.9 39.S 2.3 6.3 -2.1 -0.3 
Trinidad and Tobago 1987 .... 6.1 S.2 3.9 3.8 s.s 4.1 2.2 -0.3 -0.2 

Median value ................ 13.6 37.0 34.8 37.3 11.2 32.4 36.0 31.8 

Sotwct: Demographic and Health Surveys data. 
NOTE: Height-for-age index expressed in terms of the number of sllndlrd devialion (SD) units from the median of the WHOICDCINCHS international reference 

population; children are classified as stunted if their hcight-f......., Z.- is below minus two (·2) SD from the median of the refenmco population. 
' Standard devialion. 
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TABLE 46. UNDERWEIGIIT AMONG CHILDREN ACCORDING TO AGE: IN EACH AGE GROUP, 

THE PERCENTAGE WHO WERE CLASSIFIED AS UNDERWEIGIIT 
Undef'Wtlil!!!J.: Percentm whose wllI!!,t·f!'!::!!Jlf. Z-scare la below ·2 SD" l!!!!!!. Ref!rence PW!J!.lation Median 

Males Females Dif!!rence: Males. Females 

Year of <12 12-23 24.35 16-59 <12 12-21 24.35 16-59 <12 12-23 24.35 36-59 
Co""'!'.? or area Slll'Vll, months months months monJhs monlhs monlhs months months monlhs months months months 

Sub-Saharan Africa 
Burkina Faso 1992-1993 17.3 52.6 41.9 28.5 15.3 47.4 43.2 29.4 2.0 5.3 ·1.3 -0.8 
Burundi 1987 23.2 42.5 44.3 23.9 44.1 43.6 -0.7 -1.7 0.6 
Cameroon 1991 8.2 23.1 13.5 11.5 IO.I 23.4 21.0 14.2 ·1.9 -0.3 ·1.5 ·2.7 
Ghana 1988 16.1 39.2 32.5 14.8 37.5 36.2 1.3 1.7 -3.7 

1993 14.8 37.4 36.1 12.6 31.2 35.9 2.2 6.2 0.2 
Kenya 1993 12.8 34.6 25.9 24.3 9.8 28.0 28.0 18.9 3.0 6.6 -2.0 5.4 
Madagascar 1992 22.3 54.1 46.0 44.5 18.7 50.7 45.9 45.2 3.6 3.4 0.1 -0.7 
Malawi 1992 15.2 40.5 37.9 26.1 12.1 35.9 33.2 28.1 3.1 4.7 4.7 ·2.0 
Mali 1987 21.2 39.4 32.7 20.5 41.6 34.1 0.7 -2.2 -1.4 
Namibia 1992 12.1 37.1 32.S 29.0 12.S 34.9 33.3 24.6 -0.4 2.2 -0.8 4.4 
Niger 1992 20.6 65.8 54.9 39.1 21.8 63.8 57.2 40.3 -1.2 2.0 ·2.3 -1.2 
Ondo State, Nigeria 1986-1987 18.4 29.5 31.1 14.6 27.6 36.2 3.7 1.9 -5.0 
Nigeria 1990 .... 20.0 48.0 44.2 35.3 17.0 42.7 46.4 37.7 2.9 5.3 -2.2 -2.5 
Rwanda 1992 .... 17.0 41.6 30.4 28.0 16.6 36.3 32.5 32.3 0.4 5.3 ·2.1 -4.2 
Senegal 1986 .... 3.9 30.6 31.0 5.3 26.6 22.4 -1.4 4.0 8.6 

1992-1993 10.4 33.1 29.3 23.3 8.0 27.7 27.2 23.7 2.4 5.4 2.1 -0.4 
United Rep. of 
Tanzania 1991-1992 18.1 40.2 30.7 27.6 16.8 33.9 35.0 30.8 1.3 6.3 -4.3 -3.2 

Togo 1988 .... 15.8 35.3 25.2 11.6 31.6 29.6 4.2 3.8 -4.4 
Uganda 1988-1989 14.2 34.5 22.7 21.3 12.6 28.7 29.4 23.6 1.6 5.8 -6.7 ·2.4 
Zambia 1992 .... 12.1 37.9 34.4 22.3 10.5 33.8 33.9 23.4 l.S 4.0 0.5 -I.I 
Zimbabwe 1988-1989 3.4 19.1 16.3 8.1 5.1 11.9 16.5 11.3 -1.7 7.2 -0.2 -3.2 

Western Asia and Northern Africa 
Egypt 1988-1989 12.6 18.7 9.5 11.6 14.8 11.9 1.0 3.9 -2.4 

1992 8.2 15.2 13.1 6.2 7.9 17.1 12.1 6.9 0.3 ·2.0 1.0 -0.8 
Jordan 1990 .... 3.6 8.6 6.9 6.9 4.5 5.9 6.7 6.9 -0.9 2.8 0.1 -0.0 
Morocco 1987 7.2 17.6 16.0 9.8 6.0 17.9 15.9 11.S 1.2 -0.3 0.1 -1.6 

1992 5.5 13.4 13.5 8.9 5.3 11.3 11.9 8.0 0.2 2.1 l.S 1.0 
Tunisia 1988 7.6 12.7 10.6 8.1 I I.I 10.4 -0.4 1.6 0.2 
Turkey 1993 5.9 13.0 12.0 10.4 5.6 10.0 13.3 12.0 0.3 3.0 -1.2 -1.6 

Other Asia 
Pakistan 1990-1991 25.5 46.1 44.9 45.2 21.4 39.8 46.7 47.3 4.1 6.3 -1.7 -2.1 
Sri Lanka 1987 .... 18.7 45.8 41.5 13.3 38.3 53.8 5.4 7.6 ·12.3 
Thailand 1987 .... 15.2 25.6 32.S 9.3 33.4 28.3 5.9 -7.7 4.2 

Latin America and the Caribbean 
Bolivia 1989 .... 6.7 23.6 11.0 6.5 13.8 13.1 0.2 9.8 -2.1 

1993-1994 8.7 21.3 15.8 6.2 19.7 17.4 2.5 1.6 -1.6 
Brazil (north-east) 1986 9.7 23.7 8.8 10.2 6.8 13.0 17.5 13.6 2.9 10.8 -8.7 -3.4 
Colombia 1986 .... S.I 13.0 13.4 9.0 14.2 14.2 -3.9 -1.2 -0.8 
Dominican Republic 1986 9.0 15.0 16.6 4.9 10.4 14.0 4.0 4.6 2.6 

1991 .... 8.7 17.4 10.3 8.9 5.5 IO.I 14.1 9.1 3.2 7.3 -3.8 -0.1 
Guatemala 1987 .... 14.8 44.3 35.8 13.6 44.1 40.8 1.3 0.2 -5.0 
Paraguay 1990 .... 2.0 7.5 1.9 2.1 4.3 6.3 3.6 3.2 -2.2 1.2 -1.7 -I.I 
Peru 1991-1992 6.0 17.8 12.8 10.5 4.1 14.0 13.3 9.4 2.0 3.8 -0.5 1.1 
Trinidad and Tobago 1987 .... 6.1 6.5 5.5 4.8 12.3 3.5 1.3 ·5.9 2.0 

Median value ................ 12.1 30.6 25.9 21.8 10.1 27.7 28.0 21.2 
Source: Demographic and Health Surveys data. 
NOTE: Weight·for·agc index expressed in terms of the number of standard deviation (SD) units from the median of the WHO/CDCINCHS international reference 

population; children are classified as underweight if their weight-for-age Z.score is below minus two (·2) SD from the median of the reference population. 
'Standard deviation. 
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TABLE 47. WASTING AMONG CHILDREN ACCORDING TO AGE: IN EACH AGE GROUP, 
THE PERCENTAGE WHO WERE CLASSIFIED AS WASTED 

Wast/n : Percent 
Maes 

Year of <12 12-23 24-35 36-59 <12 12-23 24-35 36-59 <12 12-23 24-35 36-59 
C01111try or area survey months months months months months months months months months months months months 

Sub-Saharan Africa 
Burkina Faso 1992-1993 15.5 26.0 10.6 5.2 12.9 26.4 11.1 6.4 2.6 -0.4 -0.5 -1.2 
Burundi 1987 3.3 10.8 4.7 3.4 9.9 2.1 -0.1 0.9 2.6 
Cameroon 1991 1.8 8.6 1.7 0.7 2.3 5.8 2.1 1.6 -0.5 2.8 -0.4 -0.9 
Ghana 1988 8.4 14.7 3.2 3.0 14.8 1.6 5.4 -0.1 1.6 

1993 11.S 17.4 6.1 8.1 16.8 8.0 3.4 0.6 -1.9 
Kenya 1993 4.3 10.5 5.4 5.5 4.7 9.5 5.1 3.8 -0.3 0.9 0.3 1.7 
Madagascar 1992 4.1 10.1 4.0 2.9 3.2 9.5 3.0 2.3 0.8 0.5 1.0 0.6 
Malawi 1992 4.4 12.2 6.3 3.0 5.0 10.1 1.6 3.4 -0.6 2.1 4.7 -0.4 
Mali 1987 10.3 20.8 10.2 5.4 16.1 3.6 4.8 4.7 6.6 
Namibia 1992 5.9 13.0 8.5 7.9 6.0 12.2 8.2 7.8 -0.1 0.9 0.3 0.2 
Niger 1992 13.4 31.0 11.5 8.9 10.l 35.3 14.5 6.0 3.4 -4.3 -3.l 3.0 
Ondo State, Nigeria 1986-1987 2.5 10.5 4.1 5.5 6.3 5.4 -3.0 4.2 -1.2 
Nigeria 1990 .... 10.4 18.9 7.3 5.1 5.7 12.6 8.9 7.3 4.8 6.3 -1.S -2.2 
Rwanda 1992 .... 6.5 8.4 3.6 1.2 6.3 6.3 2.2 0.3 0.2 2.1 l.S 0.9 
Senegal 1986 .... 3.9 10.4 8.0 0.0 7.0 1.9 3.9 3.4 6.2 

1992-1993 9.4 17.8 6.7 6.5 5.7 13.6 7.8 4.3 3.7 4.1 -1.1 2.2 
.United Rep. of 

Tanzania 1991-1992 5.3 11.0 6.6 4.2 3.5 8.6 5.0 4.9 1.8 2.4 1.6 -0.7 
Togo 1988 .... 2.5 11.6 5.0 2.4 8.0 2.6 0.1 3.6 2.4 
Uganda 1988-1989 0.6 4.0 1.4 1.6 0.6 4.4 1.4 l.S -0.l -0.4 -0.0 0.2 
Zambia 1992 .... 3.3 10.6 4.4 2.7 4.5 9.3 5.3 3.5 -1.2 1.3 -0.9 -0.7 
Zimbabwe 1988-1989 0.0 3.0 1.4 1.0 1.0 1.0 0.7 1.8 -1.0 2.0 0.6 -0.8 

Western Asia and Northern (\ftica 
Egypt 1988-1989 2.6 1.9 0.0 0.5 1.3 0.4 2.1 0.6 -0.4 

1992 .... 4.0 4.8 3.4 2.4 4.4 4.8 3.1 2.7 -0.4 0.0 0.3 -0.3 
Jordan 1990 .... 4.7 4.1 2.9 3.5 4.0 2.8 1.8 1.9 0.7 1.2 1.1 1.6 
Morocco 1987 3.3 6.4 1.9 1.6 3.3 5.1 1.1 1.3 0.0 1.3 0.8 0.3 

1992 4.4 2.9 2.3 1.6 2.7 1.5 1.6 1.9 1.8 1.4 0.7 -0.3 
Tunisia 1988 6.2 5.1 0.6 2.6 1.9 2.1 3.7 3.2 ·1.5 
Turkey 1993 4.0 5.0 3.6 2.0 1.0 5.0 2.1 2.4 3.0 -0.0 1.5 -0.3 

Other Asia 
Pakistan 1990-1991 10.l 12.8 9.7 9.0 9.1 9.0 9.5 6.7 1.0 3.8 0.2 2.3 
Sri Lanka 1987 4.0 20.l 8.8 1.3 18.5 11.3 2.7 1.6 -2.5 
Thailand 1987 .... 0.8 10.5 2.6 1.6 10.4 2.5 -0.7 0.2 0.1 

Latin America and the Caribbean 
Bolivia 1989 .... 10.8 2.9 0.9 2.4 1.2 l.2 -1.6 1.7 -0.3 

1993-1994 3.4 6.7 5.6 2.8 3.6 2.9 0.6 3.1 2.7 
Brazil (north-east) 1986 2.7 2.5 0.0 0.9 0.0 1.9 0.0 0.4 2.7 0.7 0.0 0.4 
Colombia 1986 1.9 0.9 1.7 1.8 1.6 0.4 0.1 -0.6 1.3 
Dominican Republic 1986 5.8 4.4 1.3 0.8 1.4 1.3 5.0 3.1 0.1 

1991 1.4 1.5 0.4 1.7 0.5 0.9 3.1 1.6 0.8 0.7 -2.7 0.1 
Guatemala 1987 0.3 2.3 0.5 0.9 3.3 0.3 -0.6 -0.9 0.3 
Paraguay 1990 O.l 0.3 0.1 0.3 0.3 0.6 0.1 0.6 -0.l -0.3 0.0 -0.2 
Peru 1991-1992 2.0 3.2 1.6 1.2 0.8 2.9 1.7 1.0 1.2 0.3 -0.2 0.2 
Trinidad and Tobago 1987 .... 4.3 3.2 3.9 3.8 5.5 2.4 0.5 -2.3 1.6 

Median value ................ 4.0 8.6 3.6 2.6 3.0 6.3 2.2 2.4 

Source: Demographic: and Health Surveys data. 
Nara: Weight-for-height index expressed in terms of the number of standard deviation (SD) units from the median of the WHO/CDC/NCHS international reterence 

population; children are classified as wasted if their weight-for-height Z-score is below minus two (-2) SD from the median of the reference pot)Ulatiml. 
•standard deviation. 
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between the sexes tend to be higher, ranging from 0.3 
to 13.3 percentage points. Moreover, the differences 
exceed 4 percentage points in 20 cases mostly for 
surveys carried out in sub-Saharan Africa. Among 
the 21 surveys carried out in that region, 16 show an 
increase in the difference between the proportion of 
boys and that of girls suffering from stunting as age 
increases, suggesting that the weaker position of boys 
relative to girls in that regard worsens as they pass 
from the first to the second year of life. In Latin 
America and the Caribbean, similar trends are notice
able in most cases, with the exception of north-eastern 
Brazil, Guatemala, and Trinidad and Tobago. In 
Northern Africa and Asia, only one country-Jor
dan-shows a deterioration of the status of boys 
relative to girls with respect to stunting as they pass 
from the first to the second year of life. 

In terms of weight, an examination of the differ
ences by sex in the percentage of children aged 12-23 
months classified as underweight shows similar 
differentials as those noted in the case of stunting. In 
half of the surveys, at least 31 per cent of the boys in 
their second year of life are underweight, whereas the 
equivalent figure is 28 per cent for girls (table 46). 
Eight of the 41 surveys indicate that the proportion 
underweight is higher among girls than among boys, 
whereas the reverse is true for the remaining 33 
surveys. Among the latter, the difference in favour of 
girls is at least 4 percentage points in 18 cases. In 
contrast, among the eight surveys in which girls 
display higher percentages of underweight cases than 
boys, the difference exceeds 4 percentage points only 
in two countries: Thailand, and Trinidad and Tobago. 

With regard to wasting, the percentage of boys aged 
12-23 months that exhibit wasting exceeds 9 per cent 
in half of the surveys; the corresponding median for 
girls is 6 per cent (table 47). Wasting affects a 
smaller proportion of girls than boys in 31 of the 41 
surveys, whereas the reverse is true in only eight 
cases. According to two surveys-Egypt (1992) and 
Turkey-the difference between boys and girls is 
virtually nil. 

3. Children 24-35 months of age 

The relative nutritional situation of boys and girls 
24-35 months of age is considerably different from 
that of younger and older children (table 45). Con-
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trary to the findings for younger children, stunting 
levels among girls exceed those among boys in more 
than half the surveys (24 out of 41 ). In 7 of the 24 
surveys where there is more stunting among girls than 
among boys, the difference exceeds 4 percentage 
points (figure 33). Thus, by the third year of life there 
are signs that girls are more likely to experience 
stunting than boys. 

Girls aged 24-35 months are also more likely to be 
underweight than boys in the same age group. In 26 
of the 41 surveys, the percentage underweight among 
girls exceeds that among boys, and in 8 of those the 
difference is larger than 4 percentage points (table 46). 
Thus, for both stunting and underweight girls are more 
likely to be disadvantaged than boys in the third year 
of life. 

With respect to wasting, the number of surveys 
showing that girls aged 24-35 months are subject to a 
greater likelihood of wasting than boys is larger than 
for younger children but does not constitute a majority 
(14 out of 41 surveys). In contrast, 24 surveys show 
that boys exhibit higher levels of wasting than girls. 
Thus, according to that measure the deterioration of 
the nutritional status of girls as they age is less clear. 

4. Children 36-59 months of age 

Only 24 surveys collected anthropometric data for 
children· aged 36-59 months. The results available for 
that group of children are not . consistent with the 
hypothesis that nutritional status among girls deterio
rates relative to boys as age increases. With respect to 
stunting, there are 19 surveys in which stunting levels 
are higher for boys than for girls but only five surveys 
in which there is more stunting among girls. Further
more, when the trend exhibited by the estimates 
related to children aged 1 year or over is considered, 
only the surveys for Malawi, the Niger and Paraguay 
show a consistent deterioration of the status of girls 
with respect to boys in terms of stunting levels. 

The contrasting patterns between the estimates for 
children aged 24-35 months and those aged 36-59 
months raise the issue of whether such contrasts may 
reflect the lack of information on older children for 15 
surveys. However, that selectivity is not the cause of 
the different patterns detected. Even when the analy
sis for the three youngest age groups is restricted 
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Figure 33. Difference between males and females who were chtssified as stunted by age group 
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Figure 35. Difference between males and females who were clauified as wasted by a1e group 
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entirely to the 24 surveys with full information, the 
conclusions are similar to those found for all 41 
surveys. 

In terms of low ·weight-for-age, the results are 
mixed. In 19 of the 24 surveys, the proportion of girls 
that are underweight is higher than that of boys (table 
46). Data on mean weight-for-age Z-scores, however, 
indicate that the situation of girls aged 36-59 months 
is more favourable than that of boys in most countries 
(data not shown). 

The data on wasting are shown in table 47. In 11 
surveys, the proportion of girls aged 36-59 months 
that experience wasting is higher than that of boys, 
but the reverse holds in the remaining 13 surveys. 
The differences between boys and girls are small. 
An interesting finding is that with respect to wasting, 
nine surveys-mostly conducted in sub-Saharan 
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24-35 
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Africa-show a deterioration of the relative position 
of girls with respect to boys as they pass from age 1 to 
ages. 

E. CONCLUSION 

Differences between boys and girls in nutritional 
status and levels of undernutrition have been analysed 
for 41 surveys conducted in 34 countries. All of the 
surveys recorded height and weight measurements of 
children 3-35 months of age, and 24 of them recorded 
such measurements for children under five years of 
age. An analysis of nutritional status by sex of chil
dren in those two age groups shows that there are 
relatively small differences between boys and girls in 
terms of the prevalence of stunting, underweight and 
wasting. If anything, the data suggest that girls are 
less likely to be undernourished than boys. Those 



findings are corroborated by the mean Z-scores. Those 
findings are consistent with an earlier study based on 
a subset of the data presented here (Sommerfelt and 
Stewart, 1994). 

Since the nutritional status of young infants is less 
likely to depend upon differential treatment by sex 
than that of older children, any unfavourable treat
ment of girls is expected to become more manifest 
as children grow older. Consequently, the key analy
ses were repeated for children in four different age 
groups: under 12 months; 12-23 months; 24-35 
months; and, for the surveys with the relevant data, 
36-59 months. Among the two youngest age groups, 
the data show that undernutrition tends to be more 
prevalent among boys than among girls. For children 
aged 24-35 months, however, girls are more likely to 
be stunted or underweight than boys, although there 
are no clear differences between boys and girls con
cerning the level of wasting at those ages. That 
tentative support for the hypothesis that the relative 
nutritional status of girls deteriorates with age is 
not confirmed by evidence for children aged 36-59 
months. According to the 24 surveys with relevant 
data, only small nutritional differences exist between 
boys and girls in that higher age range. 

Among the countries studied, nutritional problems 
overall are worse in sub-Saharan Africa and South
central Asia (Pakistan and Sri Lanka) than in Latin 
America, Western Asia or Northern Africa Every 
OHS documents some degree of undernutrition 
relative to the international standard for the growth 
and development of well-nourished children. With 
respect to sex differences in nutritional status, how
ever, there is not a single country in which the survey 
evidence suggests that girls are consistently at a 
nutritional disadvantage compared with boys. There
fore, despite evidence of discrimination against girls in 
feeding practices and medical treatment from small
scale studies in countries with a strong preference for 
sons, those types of discriminatory practices are 
evidently either not widespread or not sufficiently 
severe to show up in data on nutritional status at the 
national level among the 41 populations that form the 
basis for the present analysis. 
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NOTE 

'Surveys were carried out in different seasons in two countries: 
Ghana and Morocco. There was partial overlap in the months of 
fieldwork in three countries and completed overlap in Egypt. 
Seasonality may have had some effect on estimates of trends but its 
influence is probably small. In Ghana, for example, the percentage of 
children that were wasted increased between the two surveys, even 
though the first survey was conducted during the months when 
undernutrition is generally higher (Alderman, 1990). 
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VII. CAN USE OF HEALTH CARE EXPLAIN SEX DIFFERENTIALS IN 
CHILD MORTALITY IN THE DEVELOPING WORLD? 

Ian Timteus*, Katie Harris* and Francesca Fairbairn* 

The present chapter examines differential use of 
preventive and curative health-care services by boys 
and girls. The focus is on children under the age of 
five years. The analysis is comparative in nature. It is 
based on the national surveys conducted by the Demo
graphic and Health Surveys (DHS) programme during 
the past decade, supplemented by the National Family 
Health Survey (NFHS) of India. 

The study of sex differentials in the use of child 
health services is an important topic in its own right. 
A right of access to facilities for the treatment of 
illness and rehabilitation of health is enshrined in the 
1989 Convention on the Rights of the Child. In 
addition, modem health care can play a vital role in 
reducing susceptibility to disease and in improving the 
outcome of episodes of disease. If girls have more 
limited access to health care than boys, their health is 
likely to suffer. 

Undoubtedly, the impact of service provision on 
child health varies between populations. It is likely to 
depend on the quality of the care provided, the acces
sibility of the services, the epidemiological environ
ment within which they operate, and the social, 
cultural and economic characteristics of the population 
served. However, the potential efficacy of modem 
health technologies is not in doubt. Nevertheless, the 
relationship between sex differentials in service use 
and differential mortality is complex. Use of preven
tive and curative health care is only one of many 
factors affecting children's health. Thus, similar 
patterns of health care for boys and girls may coexist 
with differential health outcomes. Moreover, differen
tial health service use may not be reflected directly in 
health. Its impact may be conditioned by the social
ization of boys and girls into different patterns of 
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behaviour or by how they are treated by their parents 
and other carers. 

Excess female childhood mortality is particularly 
marked in South-central Asia, where it has been a 
major focus of research interest (Harriss, 1989). Field 
investigations into the factors responsible have shown 
that differential allocation of both food and health care 
is involved (Chen, Huq and D'Souza, 1981). How
ever, recent research has emphasized the importance 
of health care (Das Gupta, 1987; Basu, 1989). It is 
argued that differentials in the use of curative health 
services are both larger and more widespread than 
those in food allocation, and that better health care is 
the main mechanism accounting for the more frequent 
survival of boys. 

Limited uptake of preventive and curative care may 
reflect household and individual level constraints on 
demand. It may also stem from limited access to 
services, either because they are simply unavailable or 
because they are unaffordable or inappropriate. A 
study in Bangladesh reported lower rates of attendance 
at a free diarrhoeal disease clinic among girls aged less 
than 5 years than among boys, and found that that 
differential was related directly to the distance be
tween the family's residence and the clinic (Rahaman 
and others, 1982). For distances of less than one mile, 
90 per cent of diarrhoeal patients of both sexes were 
seen. At distances of one to two miles, the proportions 
fell to 70 per cent of boys and 45 per cent of girls, 
while at distances of two to three miles, 60 per cent of 
boys and only 35 per cent of girls were seen. Thus, in 
at least some populations sex differentials in service 
use are related inversely to service availability. 

At the household level, the costs involved in obtain
ing care might have a differential impact on health
seeking behaviour for boys and girls. Ware (1981) 
states that in the Republic of Korea the introduction 
of a small fee for measles immunizations reduced the 



proportion of girls receiving the vaccine more than the 
proportion of boys; with free immunization, there had 
been no differential. Economic considerations may 
also affect the uptake of curative services by sex. Sex 
differentials in service use may be expected to be 
larger for more costly types of treatment and for more 
expensive sources of care. Nevertheless, Chen, Huq 
and D'Souza (1981) found significant sex differentials 
in the use of a diarrhoea clinic in Matlab, a rural 
district in Bangladesh, although both the service and 
travel to and from the facility were free. They con
cluded that that pattern reflects the fact that the social, 
time and indirect costs involved in using the clinic 
remained considerable. Girls may receive different 
fonns of treatment from boys rather than no treatment 
at all. In particular, a major advantage of traditional 
medicines over allopathic treatment can be their ready 
availability and low cost (Findley and Mbacke, 1993). 
A longitudinal study of 310 families in Bangladesh 
found that despite the marked differential by sex in the 
use of modem facilities, the proportions of boys and 
girls less than 12 years whose illness received some 
fonn of treatment were only slightly different (Koenig 
and d'Souza, 1986). 

The present chapter does not attempt to model the 
impact of use of health services on child mortality by 
sex. Instead, the aim is to assess whether inequalities 
in patterns of health care are large and pervasive 
enough to be worth pursuing as an important part of 
the explanation of sex differentials in child mortality. 
Particular attention is paid to the investigation of three 
issues. First, the direction and size of sex differentials 
according to the overall level of service use in a 
country is assessed. Second, sex differentials in the 
use of more effective fonns of service compared with 
all types of care are examined. Third, because culture 
and the status and autonomy of women may to have an 
important impact on sex differentials in service use, 
the pattern of differentials between regions of the 
world is examined. 

Much of the literature on the differential use of 
health services according to sex, usually favouring 
males, uses tenns such as discrimination and bias. 
Those tenns imply an intention to give one child less 
or poorer health care than another on the grounds of 
their sex. Evidence from the present study and others 
shows that boys and girls are sometimes treated 
differently. Such statistical regularities clearly imply 
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the existence of social institutions and values that 
dispose mothers and other carers to act in ways that 
favour one sex or the other. They need not imply 
deliberate discrimination. Carers may never have 
conceptualized the matter in that way. Even if they 
have, such considerations may not be uppennost in 
their minds when they are deciding what to do to help 
a sick child. There is evidence from South-central 
Asia of deliberate neglect of children with older 
siblings of the same sex (Das Gupta, 1987; Muhuri 
and Preston, 1991). Such neglect may not be a wide
spread phenomenon. The poor have to decide what 
best to do for sick children, bearing in mind that the 
financial and other costs involved in seeking treatment 
often have an immediate adverse impact on other 
aspects of the family's welfare. The sex of the child 
may sway some such difficult decisions without that 
being apparent to the decision maker. 

It is also important to recognize that perceptions of 
the cause of sickness and of the severity of illness 
influence the treatment of children. Gender may affect 
those perceptions and lead to sex differentials in the 
use of certain types and sources of treatment and in the 
timing of use (Santow, 1995). In Uttar Pradesh, Khan 
and others ( 1991) found that girls are treated less often 
than boys as families believe that they are inherently 
healthier. Issues of severity and duration of sickness 
interact. Girls in Uttar Pradesh are treated if their 
sickness persists. Perceived causes of illness also play 
a part fu deciding which sources of treatment are used. 
For instance, a study in Gujarat shows that a quack 
doctor might be preferred to modem medicine if the 
cause of illness is perceived to be the evil eye (Visaria, 
1988). Such diagnoses might be influenced by gender. 
Moreover, as Basu (1987), points out, a disinclination 
to take a girl to a doctor-especially a male doc
tor-may be the result of an over-protective attitude 
toward daughters rather than one of callousness 
towards their health. Thus, since the focus in the 
present chapter is on differences in patterns of parental 
behaviour and not on parents' intentions, the tenn 
discrimination is avoided. Similarly, while patterns of 
service use by boys and girls undoubtedly reflect the 
social construction of gender, the data are classified by 
children's biological sex. 

The analysis uses data from 44 national surveys 
conducted by the DHS programme between 1986 and 
1994 (table 48) and from the 1992-1993 NFHS of 



TABLE 48. INFANT AND CHILD MORTALITY RATES, BY SEX, FOR 1llE l 0-YEAR PERIOD 
PRECEDING 1llE SURVEY (DHS, 1986-1993) 

Jrifant mortality rate - 1q0 Child mortality rate - 111 

(per J,000 live births) (per 1,000) 

Region/DHS phase/country or area Year Males Females Males Females 

Eastern and Southern Africa 
I Botswana ................. 1988 47.7 31.5 18.3 15.8 

Burundi ................... 1987 98.8 75.7 101.0 113.8 
Kenya .................... 1989 63.0 54.3 35.4 33.2 
Uganda ................... 1988/89 111.0 101.7 97.3 86.0 
Zimbabwe ................. 1988/89 64.9 49.7 30.2 32.S 

II Madagascar ................ 1992 103.2 101.8 85.4 81.9 
Malawi ................... 1992 141.0 130.4 125.9 114.4 
Namibia .................. 1992 66.6 56.5 29.7 34.3 
Rwanda ................... 1992 98.2 82.l 86.6 72.5 
United Rep. of Tanzania ...... 1991192 103.7 95.1 63.2 57.1 
Zambia ................... 1992 106.2 90.3 91.3 85.1 

Western Africa 
I Ghana .................... 1988 88.8 54.3 78.3 79.4 

Liberia ................... 1986 168.0 136.0 89.0 93.0 
Mali ..................... 1987 138.0 125.0 166.0 174.0 
Ondo State, Nigeria ......... 1986 59.0 53.0 58.0 51.0 
Senegal ................... 1989/90 98.0 83.6 131.0 129.7 
Togo ..................... 1988 87.7 78.5 74.9 90.l 

II Burkina Faso .............. 1993 114.S 100.3 107.1 110.3 
Cameroon ................. 1991 86.4 74.6 63.6 74.8 
Niger ..................... 1992 135.8 133.0 211.5 231.7 
Nigeria ................... 1990 93.7 89.l 117.6 101.5 
Senegal ................... 1992193 83.4 68.7 95.5 79.5 

Northern Africa and Western Asia 
I Egypt .................... 1988 95.1 93.4 38.l 46.2 

Morocco .................. 1987 83.4 81.4 38.2 39.3 
Tunisia . : ................. 1988 58.0 55.5 18.5 19.2 
Sudan (Northern) ........... 1989/90 83.4 70.6 62.2 63.1 

II Egypt .................... 1992 84.4 75.3 24.6 36.l 
Jordan .................... 1990 36.4 37.3 6.0 5.6 
Morocco .................. 1992 68.6 57.4 20.7 23.6 
Yemen ................... 1991/92 105.6 90.l 41.0 47.l 

South-central and South-eastern Asia 
I Sri Lanka ······ ........... 1989 39.5 24.7 10.l 10.0 

Thailand .................. 1987 79.9 31.0 11.0 11.0 
II India• .................... 1993 88.6 83.9 29.4 42.0 

Northern states ............ 78.8 77.9 27.5 41.2 
Southern states ............ 72.7 62.0 18.8 23.0 

Indonesia . ················ 1991 45.0 67.9 36.0 34.8 
Pakistan .................. 1990/91 102.l 85.5 22.0 36.5 

III Bangladesh ................ 1993/94 107.3 93.4 46.7 62.3 
Latin America and the Caribbean 
I Bolivia ................... 1989 105.5 85.5 50.7 51.1 

Guatemala ................. 1987 90.0 67.6 43.6 47.0 
Mexico ................... 1987 60.l 52.4 14.5 16.5 
Peru ············· ........ 1986 83.2 74.8 36.4 41.0 
Trinidad and Tobago ........ 1987 28.8 33.5 3.4 3.4 

II Colombia ................. 1990 27.2 26.6 11.0 5.6 
Dominican Republic ......... 1991 53.3 35.l 17.5 20.4 
Paraguay .................. 1990 38.4 32.2 9.6 11.9 
Peru ·········· ........... 1991/92 68.0 59.0 29.0 31.0 

Source: OHS-I, OHS-II and OHS-III country reports, NFHS national and state reports. 
"The National Family Health Survey oflndia is not part of the OHS programme but used a similar questionnaire. 
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India, which adopted a design and questionnaire very 
similar to that used for OHS studies. Four countries 
are represented in the results twice because they parti
cipated and collected relevant data in both phase I and 
phase II of the OHS programme: Egypt, Morocco, 
Peru and Senegal. In addition, Ondo State in Nigeria 
is represented in phase I and the whole country in 
phase II. Results for northern India and southern India 
are presented separately, using a classification pro
posed by Dyson and Moore (1983) that reflects 
differences within India in the status and autonomy of 
women. Since state-level data were only available for 
19 large states northern India is represented by Assam, 
Bihar, Delhi, Gujarat, Harayana, Himachal Pradesh, 
Jarnmu, Madhya Pradesh, Punjab, Rajasthan and Uttar 
Pradesh. Southern India comprises Andhra Pradesh, 
Gujarat, Karnataka, Kerala, Maharashtra, Orissa, 
Tamil Nadu and West Bengal. The all-lrtdia statistics 
incorporate data from the less populous states in north
east India but not from Kashmir. 

The countries for which data are available are not a 
representative sample of all countries in the develop
ing world. China has not participated in the OHS 
programme, and other parts of Eastern Asia are also 
under represented. In contrast, sub-Saharan African 
countries are heavily overrepresented. Most OHS 
surveys collected data from mothers on the immuni7.a
tion of children, on the recent prevalence of diarrhoea 
among children and on how that was treated. How
ever, some OHS-I surveys in Latin America did not 
ask those questions. The core questionnaires also 
include questions about fever and cough. They have 
been used most often in sub-Saharan Africa and were 
also asked in India. 

Interpretation of retrospective interview data on 
morbidity and service use is far from straightforward. 
Comparison across countries is obstructed by biased 
recall by respondents; the difficulty of translating 
questions about symptoms without modifying their 
meaning; and cultural variation in the salience of 
different symptoms (Assogba, Campbell and Hill, 
1989). Although the focus of the present study on the 
comparison of results for boys and girls should avoid 
some of those problems, one influence on mothers' 
reports about the health of their children may be the 
sex of the child in question. 
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Most of the data presented here are culled from the 
first reports on the OHS and NFHS surveys or from 
other OHS publications. Few of those reports present 
confidence intervals for the estimates. For the present 
analysis, the significance of differences by sex has 
been calculated by assuming that the surveys used 
simple random sampling. They did not. Thus, the 
results will exaggerate the number of significant 
differences between the health care of boys and girls. 
Bearing that in mind; the overall pattern of the results 
is emphasized more than the findings for individual 
countries and aspects of health care. 

The level of infant mortality varies greatly among 
the 41 countries (table 48). Based on data for the 10 
years before the survey, the median infant mortality 
rate is 80 per 1,000 live births. In Colombia and 
Trinidad and Tobago, fewer than one in 30 children 
die before their first birthday, while in Liberia, nearly 
one child in six dies by age 1. The level of mortality 
after infancy is even more variable. Colombia, Jordan, 
and Trinidad and Tobago have the lowest levels of 
child mortality, with less than one child in a 100 dying 
between the age of one and five years. In contrast, 
child mortality remains high in most of tropical Africa: 
in the Niger, one in five children die between their 
first and fifth birthdays. · 

Sex differentials in infant and child mortality also 
vary greatly across the sample of countries analysed 
here. Only Jordan, Trinidad and Tobago, and half the 
northern Indian states have higher female than male 
mortality in infancy, but the excess mortality of boys 
is small in the three Northern African countries 
considered, Colombia, the Niger and the rest of 
Northern India. In contrast, mortality between the first 
and fifth birthdays is higher for girls than boys in the 
majority of the countries. Figure 36 summarizes 
regional patterns in the ratios of male to female child 
mortality in the form of box and whisker plots, which 
show the median, upper and lower quartile and ex
treme values of the ratios for countries within each 
region. In comparison with the historical experience 
of European countries, where girls usually had lower 
mortality than boys, the excess in girls' child mortality 
is even more marked (Hill and Upchurch, 1995). 
Most Northern African, Western and South-central 
Asian and Latin American countries, together with 



Figure 36. Ratio of male to female childhood mortality (4ql), by region 

1.2 -

.8 -

6 

T 

_L 

Eastern and 
Southern 

Africa 

T 

_.__ 

ll\lastem and 
Middle Africa 

--

-~ 

Northern Africa 
and 

Western Asia 

--r 

-~ 

South-central 
Asia 

--

_.__ 

Latin America and 
the Caribbean 

--

_....__ 

Total 

Sources: DHS-1, DHS-D and OHS-III country reports, NFHS national and state reports. 

some sub-Saharan African countries, have higher 
female than male mortality. Higher mortality among 
boys is found in most of sub-Saharan Africa, Colom
bia, Indonesia, Jordan and Sri Lanka. 

B. IMMUNIZATION 

The present section investigates immuniz.ation 
coverage among boys and girls. The focus is on 
vaccines delivered to children by age 12-23 months as 
part of WHO's Expanded Programme on lmmuniz.a
tion (EPI). lmmuniz.ation against tuberculosis and 
measles and three doses of polio and DPT vaccines are 
recommended for all children by age one year. 

The overall proportion of children aged 12-23 
months who are fully vaccinated ranges from less than 
20 per cent in Liberia and the Niger to almost 90 per 
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cent in Botswana and Jordan. Many Eastern and 
Southern African countries have a high level of 
coverage, as do some countries in the Northern Africa, 
Western Asia, and Latin America and Caribbean 
regions. A similar mixture of countries has below 60 
per cent coverage, with much of Western Africa and 
South-central Asia having particularly poor coverage. 

One problem with those data is that in OHS-I 
surveys, information about specific vaccines was only 
collected for children whose vaccination status was 
recorded on health cards. In DHS-11 surveys and the 
NFHS, such data were also collected for children 
whose vaccination status was recalled by mothers. 
The proportion of children with a health card varies 
from more than 85 per cent in Malawi and Rwanda to 
less than a quarter of that in Nigeria, with the median 
being about 58 per cent. Since the coverage of spe
cific vaccines among children ever-vaccinated accord-



ing to their mothers' report is 75-95 per cent of cover
age among children with health cards (Boerma and 
others, 1990) comparisons cannot be made easily. 
Drop-out rates between the first and third doses of 
DPT and polio vaccines are also higher for children 
reported on only by mothers than for those with health 
cards. 

In some countries, the probability of children 
possessing a health card varies by sex. In most of 
them the difference is small (ratios of0.95-1.05). In 
Cameroon, however, girls are 10 per cent less likely 
than boys to have a card, while in Nigeria boys are 
8 per cent less likely to have one. Figure 37 shows a 

scatterplot of countries according to the sex ratio of 
children with at least one vaccination recorded on a 
health card and the sex ratio obtained from maternal 
recall only. The latter figures are estimated by sub
tracting the percentage with cards from the percentage 
who are ever-vaccinated recorded by both cards and 
recall. The upper-right quadrant contains countries 
where the sex ratio is greater than 1.0 for both sources 
of information, indicating a consistent male advantage 
in vaccination. The lower left quadrant contains cases 
where there is a consistent female advantage. The 
upper left and lower right quadrants denote countries 
where a gender advantage on one source is offset by a 
gender advantage in the opposite direction on the other 

Figure 37. Ratio of the proportions ofever-vaccinated boys to girls aged 12-23 months, 
according to different reporting methods 
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source. Only 26 per cent of the variability in sex 
differentials in the proportion of children ever-vacci
nated by recall is explained by sex differences in card 
possession. The association is negative, meaning that 
if boys are more likely to possess cards (and thus also 
be vaccinated at least once), girls are more likely to be 
ever-vaccinated among those reported by maternal 
recall only. Thus, to some extent the probability of 
being ever-vaccinated is more equitable by sex than 
card possession suggests. Nevertheless, some coun
tries are characterized by a male advantage in both 
forms of reporting (Madagascar, Pakistan, Rwanda) or 
by a female advantage in both (Niger, Paraguay, 
Senegal (1992-1993)). 

Proportions ever-vaccinated 

Many studies have examined whether immuniza
tion coverage differs for boys and girls. In general, 
significant sex differentials have not been found. 
Examples include studies in Lahore, Pakistan (Sabir 
and Ebrahim, 1984 ); Delhi, India (Basu, 1989); Sene
gal (Cantrelle and others, 1986; Barbieri, 1989) and 
Mali (Mbacke and LeGrand, 1991). In a few popula
tions, girls are disadvantaged in terms of immuniza
tion. For example, less preventive health care for girls 
was found in a squatter settlement in Jordan (Te~ke 
and Shorter, 1984). 

Detailed findings are presented in table 49 and 
figure 38. On average, the proportion ever-vaccinated 
is about the same for boys and girls, though there is 
some variation by country. The sex ratio of the 
probability of being vaccinated does not vary system
atically with immunization coverage but exhibits some 
regional patterning. In seven of the nine Western 
African countries, girls are appreciably more likely to 
have received at least one vaccine than boys. In 
contrast, more boys than girls have received a vaccine 
in all the Northern African and Asian countries, and 
significantly more boys than girls are ever-vaccinated 
in Bangladesh, Northern India and Pakistan, together 
with Madagascar. 

A similar pattern emerges for the single-dose mea
sles vaccine. Coverage is higher among boys than 
girls in Northern Africa, and Western and South
central Asia. In Bangladesh, northern India and 
Pakistan, together with Tunisia, significantly more 
boys than girls have received the vaccine. On the other 

160 

hand, measles immunization is more widespread 
among girls than boys in much of sub-Saharan Africa 
and Latin America and the girls' advantage is signifi
cant in two countries. Greater relative differentials by 
sex exist in countries with medium-to-low coverage. 

Full immunization 

Children need to receive all the EPI vaccinations 
recommended by WHO/UNICEF to protect them from 
childhood infections. For polio and DPT, three doses 
of each are needed before the vaccines are fully 
effective. Unfortunately, drop-out rates are often high. 
In urban areas of Mali, Mbacke and LeGrand (1991) 
found that sons were more likely than daughters to 
receive second and third doses of polio and DPT 
vaccine, although no significant difference existed for 
first doses or single-dose vaccines. According to their 
analysis, sex differentials in the likelihood that a child 
received a second or third dose of vaccine were even 
larger than those by maternal education. 

Male-female ratios of the proportions of children 
fully immunized among those ever-vaccinated are 
presented in table 49. The dispersion of those ratios is 
similar to that of those for ever-vaccination. Both 
male and female advantage are found in particular 
countries. Only in northern India, Pakistan and Tunisia 
are boys significantly more likely to complete courses 
of vaccination than girls. In much of the rest of the 
world, girls who have received at least one vaccine are 
slightly more likely to be fully vaccinated than the 
equivalent group of boys. Moreover, in the Domini
can Republic, Ghana, Kenya and the United Republic 
of Tanzania, girls are significantly more likely than 
boys to complete courses of vaccination. 

It is enlightening to compare the sex ratio 6f the 
proportion of children receiving at least one vaccine 
with the sex ratio of children receiving all the required 
doses as a proportion of those having at least one 
vaccine. Where both ratios exceed unity, increasing 
female disadvantage exists in immunization coverage. 
That pattern is seen most clearly in northern India and 
Pakistan. A few countries exhibit relatively higher 
female immunization for first doses, but coverage by 
subsequent doses begins to favour boys, for instance 
in Nigeria. Most countries exhibit the reverse ten
dency. In Madagascar, a male advantage in ever
vaccination is offset in full vaccination, while in 



TABLE 49. MALE-TO-FEMALE RATIOS OF IMMUNIZATION COVERAGE AND COMPLETENESS AMONG CHILDREN AGED 12-23 MONTIIS 

Completem1ss 

Countries or areas according Polio J as a pro- DPTJ as a pro- Fully vaccinated' as a 
lo overall percentage full immunized' Evervaccl- portion of those portion of those proportion of those 

in descending order Year noted' Measle~ with Polio J"' with DPT/•" ever vaccinatetl" 

80-100 per cent 
Botswana ................ 1988 1.00 1.02 1.01 1.04* 0.99 
Malawi .................. 1992 0.98 1.01 1.01 1.02 1.02 
Rwanda .................. 1992 1.02 1.00 0.99 0.99 0.98 
Zimbabwe ................ 1988/89 0.99 0.98 1.00 0.98 0.99 
Tunisia .................. 1988 0.99 1.06* I.OS* 1.0S* 1.14** 
Jordan ................... 1990 0.99 1.00 1.00 1.00 1.00 
Median .................. 0.99 1.01 1.00 1.01 1.00 

60-79 per cent 
Ondo State, Nigeria ........ 1986 0.94 
Kenya ................... 1989 1.00 0.94* 1.00 l.00 0.92** 
United Rep. ofTanzania .... 1991/92 1.00 l.00 0.94 0.96 0.94* 
Zambia .................. 1992 l.01 l.00 0.99 0.99 0.98 
Morocco ................. 1987 1.01 1.00 0.96 

1992 1.03 1.00 0.99 0.99 0.97 
Egypt ................... 1992 1.01 1.01 1.16 1.04 l.04 
Colombia ................ 1990 l.00 0.98 0.97 0.97 0.99 
Median .................. 1.01 1.00 0.99 0.99 0.97 

40-59 per cent 
Ghana ................... 1988 0.97 0.97 0.88* 0.96 0.84** 
Senegal .................. 1992193 0.95 0.9S 0.97 0.96 0.93 
Sudan ................... 1989/90 1.03 l.03 l.02 l.00 l.02 
Uganda .................. 1988/89 I.OS I.OS 1.09 l.l l l.07 
Namibia ................. 1992 l.01 1.04 0.97 0.97 l.00 
Madagascar .............. 1992 l.09** l.06 1.07 l.06 0.96 
Yemen .................. 1991/92 1.08 1.09 1.02 1.02 l.00 
Bangladesh ............... 1993194 l.06** l.l l ** l.01 1.03 l.05 
Indonesia ................ 1991 1.02 0.98 1.00 1.01 0.99 
Peru ........ ········ .... 1991/92 1.00 0.96 1.01 1.00 0.97 
Median .................. 1.02 1.04 1.01 1.01 0.99 

20-39 per cent 
Nigeria .................. 1990 0.94 0.98 1.08 l.07 1.15 
Senegal .................. 1989/90 0.95 
Burkina Faso ············· 1993 0.96 0.98 0.98 0.98 l.00 
Cameroon ................ 1991 l.03 l.08 l.03 l.00 l.04 
Egypt ................... 1988 1.03 1.03 1.03 
India• ................... 1993 1.07** 1.08** 1.00 l.01 1.01 
Northern ................ l.09** l.18** l.02 l.04* 1.10** 
Southern ................ l.02 l.00 0.99 l.00 0.96 

Pakistan ................. 1990/91 l.08* l.18** l.06 l.04 l.lS* 
Dominican Republic ....... 1991 0.99 0.90* 0.95 0.97 0.77** 
Paraguay ................. 1990 0.97 0.92 0.93 0.99 0.86 
Median .................. 0.98 1.01 1.01 1.01 1.01 

< 20 per cent 
Liberia ............ ······ 1986 l.00 0.99 1.10 l.08 l.02 
Niger .................... 1992 0.89 0.83 0.96 0.91 0.98 
Median .................. o.95 G.91 1.03 1.00 1.00 

Overall median ........... 1 •. 00 1.00 1.00 1.00 G.99 
Sources: DHS-1, DHS-11 and DHS-ID Countty Reports, NFHS National and State Reports. 
NOTE: An asterisk(*) indicates that p < 0.0~; two asterisks(**) indicate that p < 0.01. 
'Recorded from health cards and maternal recall. 
•ous.1 countty reports; recorded from health cards only. 
'DHS-11 and DHS-m countty reports; recorded from health cards and maternal recall. 
'Fully-vaccinated children (those who have received BOO, measles, 3 doses of DPT and polio). 
'National Fatnily Health Survey. 
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Fi1ure 38. Number of countries aceordin1 to the direction of the sex differential 
In vaccination coverage, by region 
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Ghana slightly higher levels of ever-vaccination 
among girls are compounded by much higher rates of 
continuation. Data on specific multiple-dose vaccines, 
namely DPT and polio, are also presented in table 49 
and generally echo those patterns. 

C. MORBIDITY 

Many attempts to explain sex differentials in mortal
ity by sex differentials in morbidity have either found 
few morbidity differentials or found morbidity patterns 
that could not explain the mortality differentials 
(Murray and Chen, 1992). Thus, the linkages between 
the severity and duration of infection, the medical 
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treatment received, its timing and case-fatality rates by 
sex are clearly complex (Faveau, Koenig and Woj
tyniak, 1991). Diarrhoeal disease, malaria and acute 
respiratory infections are leading causes of infant and 
child mortality in developing countries and the most 
frequently experienced illnesses (Boerma, Sommerfelt 
and Rotstein, 1991). Most of the surveys include 
questions on the symptoms and treatment of diarrhoea. 
Some, including the Indian NFHS, asked questions on 
fever and on cough or difficult breathing. 

Questions about symptoms of disease were asked 
about living children less than five years of age in all 
the OHS surveys except that in Bangladesh, where the 
questions were asked about children aged less than 



three years. In the NFHS, the questions were asked 
about children aged less than four years. Mothers are 
asked whether their children have had diarrhoea in the 
previous 24 hours or in the two weeks before the 
survey. Most phase-I OHS surveys that collected data 
on the prevalence of fever or cough, with or without 
breathing difficulties, used a four-week reference 
period. Phase II surveys and the NFHS used a two
week reference period. 

Those data have several limitations. First, recall 
biases are a problem: mothers might not be sure 
exactly when their child was ill. Underreporting of 
illness increases with the length of the recall period. 
Although there is no universal agreement on the ideal 
length of the recall period, for diarrhoea there is some 
consensus that reporting errors are inevitable if the 
reference period exceeds two days (Blum and Fea
chem, 1983; Alam, Fitzroy and Rahaman, 1989). 
Thus, underreporting of diarrhoea is likely with OHS 
data (Boerma, Sommerfelt and Rutstein, 1991 ). 
Although recall biases probably vary by country for 
the different symptoms, they are unlikely to affect 
male-female comparisons greatly. 

A second problem is that the OHS questions about 
symptoms vary somewhat between countries and have 
evolved over time. Diarrhoea is usually defined only 
in the instructions for interviewers, and only phase II 
questionnaires probe about the severity of symptoms. 
Similarly, most OHS-I surveys asked whether children 
had suffered from cough or difficult breathing but 
others about difficult breathing only, while the OHS-II 
core and NFHS questionnaires include separate 
questions about each symptom. Such differences in 
the questionnaire obviously limit the cross-national 
comparability of the data. In addition, ifthe sex of the 
child affects the perceived severity of the condition, 
the data obtained about boys and girls will be affected 
differentially. Apparently lower female morbidity 
might result from a bias against reporting sickness 
among female children that is affected by the exact 
questions asked (Hill and Upchurch, 1994). More
over, if girls are only classified as ill by mothers when 
they have more severe disease than boys, that differ
ence could affect treatment patterns. Those consider
ations argue for caution in the interpretation of survey 
data on morbidity and its treatment. 
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As with mortality, great variations in levels of 
morbidity in children less than five years of age exist 
between countries and by symptom (table SO). Those 
differentials in the period prevalence of ill-health 
probably reflect differing interpretations of the ques
tions and variation in the average duration of disease 
episodes, as well as variation in the incidence of new 
episodes of disease. Unfortunately, only a few of the 
surveys allow one to differentiate between the inci
dence and the duration of ill-health. The prevalence of 
reported diarrhoeal and fever morbidity both exhibit 
less variation between countries than cough preva
lence. For cough, half the countries in the present 
study have relatively low morbidity, while the other 
half are spread out over a wide range from 17-57 per 
cent. Sub-Saharan African countries tend to report the 
highest levels of diarrhoea and fever, but many West
ern African countries report a rather low prevalence of 
cough or breathing difficulties. 

For the statistics on the prevalence of ill-health a sex 
ratio above one represents male disadvantage, while 
sex ratios below one indicate female disadvantage. 
Thus, a pattern of lower female morbidity emerges for 
all three symptom groups (tables 51, 52 and 53). The 
results are summarized in the form of a box and 
whisker plot• in figure 39. Outliers, defined as coun
tries with a ratio that falls more than one and a half 
times the inter-quartile range outside the inter-quartile 
range, are indicated separately. The excess morbidity 
of boys is most marked for diarrhoea, with many 
countries having ratios above 1.15, and is least clear 

TABLE SO. MINIMUM, MAXIMUM AND MEDIAN VALUES OF THE 
PREVALENCE OF DIARRHOEA, FEVER AND COUGH 

Prevalence 
(in la.rt 

2 weeks) 
percentage 

Diarrhoea .... 

Fever ....... . 

Minimum 

S.1 
(Ondo 
State) 

3.9 
(Botswana) 

Maximum Median 

37.9 18.2 
(Senegal, 
1989/90) 

Sl.2 33.6 
(Liberia) 

Cough/difficult 6.6 S1 16.6 
breathing . . . . (Mali) (Ecuador) 
Sources: DHS-1, DHS-11 and DHS-111 country reports, NFHS 

national and state reports. 



TABLE 51. MALE-TO-FEMALE RATIOS OF DIARRHOEA MORBIDITY AND TREATMENT AMONG CHILDREN AGED UNDER 5 YEARS 

As proportions of those treated 

Source Type 

Diarrhoea Received ORS and/or 
Countries or areas accord- prevalence any treat- homesolu-
ing to overall level of use of in mentasa Health tionand/or 
any curative treatment in previous proportion facility/ Traditional Home ORS increased 

descending order Year two weeks of those sick provider practitioner solution packets fluid intake 

80-100 per cent 
Zimbabwe ............. 1988/89 1.08 1.00 1.01 0.80 0.95 
Sri Lanka ............. 1989 1.20 1.04 1.06 1.34 0.98 1.06 
Kenya ................ 1989 1.02 1.02 0.99 0.90 0.64** 0.81** 
Ghana ................ 1988 1.03 0.99 0.91 0.90 1.38 1.06 1.11 
Uganda ............... 1988/89 1.09 0.98 0.89 1.64 0.95 0.99 
Ondo State, Nigeria ..... 1986 1.04 0.76 1.42 0.00 1.22 
United Rep. of Tanzania 1991/92 0.98 0.98 0.94 0.83 0.97 1.00 
Botswana ............. 1988 1.01 1.02 0.94 1.27 1.02 l.09e 
Thailand .............. 1987 1.22* 1.02 1.05 0.76 0.87 0.85 
Zambia ............... 1992 1.14* 1.01 1.03 0.95 1.05 1.02 
Mexico ............... 1987 1.11 1.01 1.03 
Malawi ............... 1992 1.17* 1.02 1.17* 0.94 1.06 1.10 1.00 
Bangladesh'·b .......... 1993/94 0.92 0.98 0.96 1.15 0.64* 1.36** 1.15** 
Namibia .............. 1992 1.00 1.02 0.99 1.05 1.05 1.04 
Togo ................. 1988 1.01 1.03 0.88 0.85 1.10 0.96 0.98 
India•·d ................ 1993 1.05 1.04** 1.02 0.99 0.98 1.23** 1.03 
Northern ............. 1.15** 1.06** 0.98 1.03 0.89 1.28** 1.00 
Southern ............. 1.04 1.03 1.02 0.94 1.06 1.10 1.06 

Median ............... 1.06 1.02 0.99 0.90 1.09 1.00 1.00 

60-79 per cent 
Trinidad and Tobago 1987 0.88 0.81 1.50 1.22 1.27* 
Burkina Faso .......... 1993 1.16** 0.99 0.83 0.98 1.22 0.96 1.08 
Jordan ................ 1990 1.05 1.04" 0.96 1.03 1.08 1.00 
Indonesia ............. 1991 1.07 1.01 1.00 0.94 1.08 1.01 
Bolivia ............... 1989 0.96 1.16** 0.96 1.11 0.89 0.98f 
Rwanda ............... 1992 1.02 1.02 0.99 1.01 0.76* 1.01 0.92 
Perus ................. 1986 1.09 1.20 
Peru ................. 1991/92 1.06 1.06• 1.19** 0.84** 1.03 1.14 1.00 
Paraguay .............. 1990 0.92 1.04• 0.91 1.20 0.89 1.13 1.00 
Egypt ................ 1992 1.17** 0.99 1.09 1.48 1.14 0.97 
Sudan ................ 1989/90 1.05 0.97 1.03 0.79 1.02 0.96 
Senegal ............... 1989/90 1.05 1.10** 0.91 0.90 1.03 1.51 1.15 
Cameroon ............. 1991 1.18* 0.99" 0.94 1.62* 1.10 0.77 1.00 
Mali ................. 1987 1.08 1.00 1.33 1.06 0.82 1.53 1.25 
Guatemala ............ 1987 1.18* 0.91 1.19 0.94 1.41 1.30 
Morocco .............. 1992 1.10 1.00 0.93 1.71 1.13 1.00 
Burundi .............. 1987 0.96 0.93 1.05 1.24 0.96 1.01 
Egypt" ................ 1988 1.11* 1.04 1.01 1.14 1.14 
Tunisia ............... 1988 1.14* 0.99 1.29* 0.89 0.89 
Madagascar ........... 1992 1.21* t.04• 0.90 1.04 1.15 1.16 1.00 
Median ............... 1.09 1.00 0.99 1.01 1.07 1.13 1.00 

40-59 per cent 
Morocco .............. 1987 1.08 1.07 1.07 1.09 0.95 0.96 
Senegal ............... 1992/93 1.19** 1.06° 0.97 1.00 0.93 0.93 1.00 
Niger ................. 1992 1.05 1.13* 0.86 1.05 1.03 1.04 1.04 
Pakistan .............. 1990/91 1.06 0.99" 0.76** 0.88 0.98 1.00 
Colombia ............. 1990 1.09 0.79*• 1.07 0.78 0.78** 0.98 
Yemen ............... 1991/92 1.05 1.13* 0.99 1.77 1.00 0.99 1.00 
Median ............... 1.07 1.07 0.98 1.05 0.96 0.96 1.00 
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TABLE 51 (continued) 

As proportions of those treated 

Source Type 

Diarrhoea Received ORS and/or 
Countries or areas accord- prevalence any treat- homesolu-
ing to overall level of use of in mentasa Health lion and/or 
any curative treatment in previous proportion facility/ Traditional Home ORS increased 

descending order Year two weeks of those sick provider practitioner solution packets fluid intake 

20-39 per cent 
Nigeria ............... 1990 1.18 .. 0.92" 0.96 1.00 1.01 1.15 1.03r 
Dominican Republic 1991 1.06 1.08" 0.98 0.91 1.02 1.oor .... 
Median ............... 1.02 1.00 0.97 1.00 0.96 1.15 1.01 

Overall median •••••••• 1.07 1.02 0.98 1.00 1.03 1.04 1.00 

Sources: OHS-I, OHS-II and OHS-III country reports, NFHS national and state reports. 
NOTE: An asterisk(*) indicates that p < 0.05; two asterisks(**) indicate that p < 0.01. 
•Reference period for prevalence and treatment is 7 days. 
hChildren under 3 years. 
'Children under 4 years. 
"National Family Health Survey. 
•Percentage treated is equal to 100 per cent minus percentage not treated, assumed to be "percentage not receivin8 ORT or increased fluids." 
rsignificance not tested as the "proportion" adds up to over 100 per cent since more than one treatment can be reported per child. 
•Reference period for prevalence and treatment is 15 days. 

for cough. The only loose regional pattern in the data 
is that unlike other regions, Eastern and Southern 
Africa do not exhibit clearly higher male morbidity 
from diarrhoea and fever. For all three symptom 
groups, the sex ratio of reported morbidity is unrelated 
to the level of reported morbidity. 

Although apparently lower female morbidity may 
result from a bias in favour of reporting sickness of 
male children, other studies of sex differentials in 
morbidity have also found that female children under 
the age of five are generally healthier than males. For 
example, Chen, Huq and D'Souza (1981) found that in 
Matlab male incidence rates exceed those for females 
for a range of infectious diseases. A study by Levin
son ( 197 4) in rural India found that boys have higher 
infection and prevalence rates than girls. 

D. TREATMENT 

Most deaths from acute diarrhoea result from 
dehydration of the child, so the most effective treat
ment is oral rehydration therapy (ORT) in the form of 
manufactured oral rehydration solution (ORS) packets, 
home salt-sugar solutions or any increase in fluid 
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intake. Upper respiratory tract infections are responsi
ble for most of the non-fatal acu~e respiratory infec
tions in young children. Lower respiratory tract 
infections, especially pneumonia, are a more important 
cause of death. Antibiotics are usually the most 
effective form of treatment. Attacks of malaria in 
young children with little or no immunity have a high 
case-fatality rate. Treatment with chloroquine or other 
drugs is very effective if the organism causing the 
disease is not resistant to the drug (Boerma, Sommer
felt and Rutstein, 1991). Other approaches to the 
treatment of those diseases, such as antibiotics for 
diarrhoea, cough syrup or traditional remedies, are 
unlikely to be as effective. 

Studies in diverse parts of the world of populations 
with differing levels of health service provision and 
epidemiological and mortality profiles have found that 
girls receive less curative health care of any kind than 
boys. One review of that research is found in the 
annotated bibliography of Le Grand (1992). For 
example, in slums in Lahore, Pakistan, 27 per cent of 
sick girls compared with only 12 per cent of sick boys 
were not taken for any medical treatment (Sabir and 
Ebrahim, 1984). In rural Egypt, girls are less likely to 
receive medical care for diarrhoea than boys of the 



TABLE S2. MALE· TO-FEMALE RATIOS OF FEVER MORBIDITY AND TREA1MENT AMONG 
CHILDREN AGED UNDER S YEARS 

Countries or areas 
As proportions of those treated 

according to 
overall level of Source Type 

use of any Fever Received any 
curative prevalence in treatment as a Health 

treatment In previous two proportion of facility/ Traditional Anti-
descending order Year weeh those sick provider practitioner malaria ls Antibiotics 

80-100 per cent 
Paraguay ............ 1990 0.99 0.99* 1.04 1.00 0.98 l.lS 
Nigeria ............. 1990 I.OS 1.00 1.12 1.41* 1.24** 1.23** 
Ghana• ··········· .. 1988 1.06 0.98 0.97 1.07 0.9S 0.79 
Ondo State, Nigeria" ... 1986 1.00 1.00 1.11 1.09 
Botswana" ........... 1988 0.86 0.94 0.9S 
Colombia ........... 1990 1.21 ** 1.02 1.11* 0.90 1.87 1.10 
Togo ............... 1988 1.02 1.03 0.97 I.OS 0.99 1.01 
Indonesia ........... 1991 1.01 1.14** 0.96 0.6S** 
Uganda ............. 1988/89 1.00 0.99 1.11* 1.00 1.88** 
Senegal ............. 1989/90 I.OS 1.06** 0.97 0.87 0.88 1.00 
Dominican Republic .. 1991 I.OS I.OS* 0.97 1.33 1.01 
Cameroon ........... 1991 1.10 1.03 1.18 0.9S 0.99 
Malawi ............. 1992 1.01 1.00 1.03 1.14 1.02 1.08 
Pakistan ............ 1990/91 1.01 1.03 1.03 1.40 0.86 0.90 
Zambia ............. 1992 1.02 1.00 1.00 1.01 1.04 0.99 
Madagascar ......... 1992 1.04 0.92** l.lS** 1.09 1.02 1.08 
United Rep. ofTanzania 1991/92 0.98 1.01 0.96 0.7S 0.89** 1.03 
lndiab.o .............. 1993 1.09** I.OS** I.OS** 0.83* 1.01 I.OS 

Northern ·········· 1.10** 1.07** 1.04** 1.03 1.10 1.03 
Southern .......... I.OS 1.03 1.06** 0.69** 0.88 1.04 

Liberia" ............. 1986 1.00 1.01 1.10 0.97 1.17 

Median ............. 1.02 1.01 1.03 1.03 1.00 1.04 

60-79 per cent 
Namibia ............ 1992 0.99 0.98 1.00 1.08 0.8S 0.98 
Burundi• ............ 1987 1.04 1.07 0.98 1.04 0.89 
Mali" ............... 1987 1.11 0.94 4.3S** 0.91 1.13 0.96 
Burkina Faso ........ 1993 1.08* 0.94* 1.09 1.01 1.20** 0.86 
Senegal ............. 1992193 1.04 1.03 1.13* 0.85 1.02 0.93 
Rwanda ............. 1992 1.01 I.OS 1.13* 0.98 1.34 0.93 

Median ............. 1.04 1.01 1.11 0.98 1.09 0.93 

40-59 per cent 
Yemen ············· 1991/92 1.03 1.09** 0.81 1.09 
Morocco ............ 1992 1.03 1.01 0.95 1.30 0.99 1.11 
Niger ............... 1992 1.00 1.11 ** 1.06 1.06 1.16* 0.89 
Kenya" ............. 1989 0.97 

Median ............. 1.02 1.09 1.01 1.18 0.99 1.09 

Overall median •••••• 1.03 1.01 1.04 1.01 1.01 1.01 

Sources: DHS-1, DHS-11 and DHS-111 country reports, NFHS national and state reports. 
NOTE: An asterisk(*) indicates that p < O.OS; two asterisks(**) indicate that p < 0.01. 
•Reference period for prevalence and treatment is 4 weeks, not 2 weeks. 
bChildren under 4 years. 
"National Family Health Survey. 
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TABLE 53. MALE-TO-FEMALE RATIOS OF COUGH/DIFFICULT BREA 1111NG MORBIDITY 
AND TREATMENT AMONG CHILDREN AGED UNDER 5 YEARS 

As proportions of those treated 

Source Type 
Countries or areas accord- Cough/difficult Received any 

ing to overall level breathing preva- treatment as a Health 
of use of any curative treat- lence in previ- proportion of facility/ Traditional Cough 
ment in descending order Year ous two weeks those sick provider practitioner Antibiotics syrup 

80-100 per cent 
Paraguay ............. J990 1.17* 1.00 I.OJ 0.94 1.43* I.OJ 
Nigeria .............. J990 1.18 I.OJ 0.88 l.8J * 1.03 0.96 
Zimbabwe• ........... J988/89 1.09* 1.02 0.9J 0.94 1.00 
Ondo State, Nigeria• .... J986 0.86 1.03 0.97 1.35 
Indonesia ............ J99J 1.03 I.OJ 1.06 1.02 
Colombia ............ J990 1.07** 1.05 1.29 0.96 1.08 
United Rep. of Tanzania J991/92 1.13 0.99 1.02 0.64 0.89 0.90 
Kenya• .............. J989 0.97 0.96* 0.94* I.OJ 
Botswana• ............ J988 1.03 1.02 0.99 
Dominican Republic ... J99J 0.97 I.OJ 1.03 1.14 1.07 0.96 
Malawi .............. J992 0.95 0.96 0.97 1.22 0.87 0.93 
Ghana• .............. J988 1.02 0.96 0.97 1.16 0.85 1.07 
Zambia .............. J992 1.02 0.96 I.OJ 1.23 0.99 1.08 
Uganda' ............. J988/89 I.OJ 1.00 1.00 1.00 1.00 
Pakistan ............. J990/9J 0.98 0.99 1.05 1.82 1.00 0.99 
Cameroon ............ J99J 1.03 1.07 1.14 0.82 1.04 1.07 
Peru ................ J991/92 l.ll * I.OJ 1.04 1.17 0.97 
Togo ................ J988 1.19 1.09 0.87 1.24 0.45* 
Liberia' .............. J986 1.04 I.OJ 1.38* 0.68 0.92 
Madagascar .......... J992 1.09 0.93* 0.95 1.30 1.05 0.98 
Indiab,c ............... J993 1.20** 1.06** 1.09** 0.85 1.00 0.99 
Northern ............ 1.28** 1.07** 1.06** 1.15 0.93 0.99 
Southern ............ 1.15** 1.03 1.IJ** 0.70 1.00 1.05 

Median .............. 1.04 1.01 1.01 1.15 1.00 0.99 

60-79 per cent 
Egypt ............... J992 1.16* 1.12** 0.96 1.34 l.3J * 1.00 
Burkina Faso ......... J993 1.03 0.96 1.00 1.02 0.98 0.90 
Sudan ............... 1989/90 1.02 1.08** 0.87 1.01 0.94 
Namibia ............. 1992 0.98 0.97 1.04 0.90 0.96 0.93 
Rwanda .............. 1992 0.99 1.03 1.08 1.01 1.24 0.99 
Senegal .............. 1992/93 1.13 0.99 I.OS 0.84 0.96 0.98 
Bangladeshd .......... 1993/94 1.26 1.12* 1.06 
Mali ................ 1987 1.02 1.11 1.61 0.94 
Niger ................ 1992 0.97 1.06 1.36 0.92 1.08 0.81 

Median .............. 1.02 1.06 I.OS 0.92 1.05 0.97 

40-59 per cent 
Burundi' ............. 1987 0.94 0.97 0.9S 0.56 0.90 
Morocco ............. 1992 1.01 1.08 1.20 1.13 1.55 1.04 
Yemen .............. 1991/92 1.09* I.OS 1.00 4.76 1.01 0.97 

Median .............. 1.01 1.02 1.00 2.94 1.01 0.97 

Overall median ••••••• 1.03 1.01 1.01 1.08 1.01 0.98 

Sources: OHS-I, DHS-11 and DHS-111 country reports, NFHS national and state reports. 
NOTE: An asterisk(*) indicates that p < 0.05; two asterisks(**) indicate that p < 0.01. 
'Reference period for prevalence and treatment is 4 weeks, not 2 weeks. 
bChildren under 4 years. 
•National Family Health Survey. 
dChildren under 3 years. 

'-,,~ 
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Figure 39. Ratio of the proportions of boys to girls aged less than 5 years 
with diarrhoea, fever and cough, by region 
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Sources: DHS-1, DHS-11 and DHS·III country reports, NFHS national and state reports. 

adequate health care than their male counterparts 
(Delgado, Valverde and Hurtado, 1986). OHS data 
from Senegal indicate that male children with diar
rhoea and fever are more likely to receive treatment 
than girls (Barbieri, 1989). 

A systematic examination was made of whether 
among those children who are sick there are sex 
differentials in being treated at all, and whether among 
those children who are sick and treated there are sex 
differentials in where treatment was obtained or the 
type of treatment received. The results are presented 
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in tables 51, 52 and 53. The countries are ranked 
according to the overall level of treatment for the 
sexes combined, which varies greatly. The proportion 
of children under 5 years with diarrhoea who were 
treated varies from 31 per cent in the Dominican 
Republic to virtually 100 per cent in Zimbabwe. The 
overall level of treatment for fever is 53 per cent in the 
Niger but almost l 00 per cent in Paraguay. For cough, 
it is 44 per cent in Yemen but almost l 00 per cent in 
Paraguay and Nigeria. No clear regional variation in 
the amount of treatment is apparent for any of the 
symptom groups. 



The sex ratios in the probability of being treated in 
any way vary only moderately. The widest range is 
for the treatment of diarrhoea, with ratios from 0.79 to 
1.16. In countries where most children with diarrhoea 
receive treatment, differentials by sex tend to be small. 
One exception to that pattern is northern India, where 
levels of treatment are high but still favour boys. At 
intermediate levels of treatment (60-80 per cent), one 
finds both male-advantage and female-advantage 
countries. In countries where only a minority of 
children are treated, boys tend to be at an advantage. 
The pattern for treatment of fever is similar. Signifi
cantly more boys than girls were treated in six coun
tries and significantly more girls in three. For cough, 
a significant sex differential in favour of girls is found 
in two countries but one in favour of boys in five 
countries. 

Little consistency is detectable across the three 
symptom groups within individual countries. Only in 
India, the Niger, Togo and Yemen are boys more 
likely to be treated than girls for all three symptoms. 
In the Niger and Yemen, the differential is significant 
for two of the three symptoms and in India for all 
three. In addition, as Barbieri (1989) reported, boys 
with diarrhoea and fever in Senegal were significantly 
more likely to be treated than girls according to the 
survey in 1986. By the time of the 1992-1993 survey, 
however, those differentials had disappeared. No 
survey suggests that girls are treated more often than 
boys for all three symptoms. Despite the lack of 
consistency in the reports for particular countries, one 
regional pattern is apparent (figure 40). Eastern and 
Southern Africa is the only region of the world in 
which girls are as likely to receive treatment as boys 
for those symptoms of infectious disease. Elsewhere, 
particularly in Northern Africa and Western and 
South-central Asia, boys tend to be at an advantage. 

E. SOURCEOFTREATMENT 

In the present section, sex differentials in the pro
pensity to use particular providers of curative health 
care are examined. If the quality of care obtained 
from different providers varies, that factor will have 
implications for child health. Thus, sex differentials in 
the source of treatment might help to explain sex 
differentials in mortality. However, that relationship 
is confounded by sex differentials in the timing of use 
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of different providers and in the severity of the condi
tion. For instance, girls might be taken to an effective 
provider only after their condition has deteriorated too 
far for treatment to save their lives. Unfortunately, 
data on the timing of the use of different health ser
vices were not collected in the DHS and NFHS 
surveys, so that issue cannot be investigated here. 

Many studies have analysed sex differentials in the 
use of different health-care providers, though few 
consider the severity of illness or the timing of treat
ment. That large body of literature spans various 
sources of treatment and many regions. In Isfahan, 
Iran, male infants were taken to a public health centre 
more often than girls (Froozani, Malekafzali and 
Bahrini, 1980). In Lahore's slums, 58 per cent of ill 
boys were taken to a private practitioner, compared 
with only 37 per cent of ill girls (Sabir and Ebrahim, 
1984). In Uttar Pradesh, northern India, boys were 
taken to city hospitals when warranted, while girls saw 
less qualified doctors (Khan and others, 1991). Girls 
in rural Egypt were less likely to receive any treatment 
outside the home than boys. If outside treatment was 
sought, girls were more likely to be taken to the public 
health unit, while boys were often taken to a private 
doctor (Makinson, 1985). Basu (1989) examined both 
the source and type of treatment in conjunction. Her 
study focused on two groups of children aged less than 
12 years living in a resettlement s~um in New Delhi; 
the parents of one group had emigrated from Uttar 
Pradesh and those of the other from Tamil Nadu. In 
addition to sex differences in both groups in the 
proportion of illnesses receiving no treatment, the 
northern Indian girls were more likely to receive non
professional treatment than the boys. 

The counterpart of greater use of modem health 
services for treatment of sick children of one sex may 
be more use of home remedies and traditional healers 
for treatment of the other sex. In a rural district of 
Gujarat in northern India, 80 per cent of boys who 
died of diarrhoea, wasting or respiratory ailments had 
been taken to an urban centre for treatment but only 
20 per cent of girls; 50 per cent of girls were taken to 
a local medical practitioner and 30 per cent were 
treated with home remedies alone (Visaria, 1988). A 
study of longitudinal data on the treatment of diar
rhoeal disease from Matlab, Bangladesh, found that 
the treatment rate for boys aged less than five at the 
diarrhoea clinic was 66 per cent higher than that for 



Figure 40. Number of countries according to the direction of the sex 
differential in the treatment of symptoms of disease, by region 
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girls. Girls were treated more often using indigenous 
health systems than boys (Chen, Huq and D'Souza, 
1981). Similarly, Bourne and Walker (1991) found 
that use of traditional remedies to treat girls equalled 
or exceeded their use to treat boys in six rural 
Bangladeshi villages. 

In most DHS questionnaires and the NFHS, the 
information on use of modern health facilities and 
providers covers public and private health centres and 
clinics and pharmacies. The present section focuses 
on sex differentials in the use of such facilities 
since they usually provide more effective treatment. 
Because DHS definitions of the sources and types 
of treatment are not standard across all countries, 
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categories such as "other treatment" need to be inter
preted carefully. Most of the questionnaires allow 
women to report on more than one source of treatment 
per episode of sickness in their child. Thus, if all the 
providers consulted are considered, it is possible for 
them to sum to more than 100 per cent. The relative 
sex ratios will only be affected if there is a sex differ
ential in the number of different providers consulted. 

The relative frequency with which different types of 
health-care provider are consulted for boys and girls is 
shown in tables 51, 52 and 53. The ratios are calcu
lated as the percentage of boys receiving treatment 
from a particular source among boys who are both sick 
and treated, divided by the equivalent percentage of 



girls. Use of different types of provider varies by 
symptom and by region. For modem health facilities, 
it ranges among those sick and treated from 3 per cent 
in Mali to 95 per cent in the Dominican Republic for 
diarrhoea; from 4 per cent in Mali to 95 per cent in 
Botswana for fever; and from 22 per cent in the Niger 
to 90 per cent in Botswana for cough or difficulty in 
breathing. The proportion of treated children who are 
treated by traditional healers or with home remedies 
also varies very widely for diarrhoea but more nar
rowly for fever (up to 46 per cent in Mali) and cough 
or difficulty in breathing (up to 52 per cent in Burkina 
Faso). There is no consistent inverse relation between 
the use of modem health facilities and the use of 
traditional sources. Some sub-Saharan African coun
tries, such as Madagascar, Nigeria, Rwanda and 
Senegal, combine frequent resort to traditional healers 
and home remedies with relatively high use of modem 
health facilities. 

The relative frequency by sex with which children 
whose diarrhoea is treated are taken to a modem 
health facility ranges from a ratio in favour of girls of 
0.76 to one in favour of boys of 1.33. For the treat
ment of fever and of cough the range is narrower, 
excepting an extreme ratio (4.35) for fever in Mali that 
reflects very low use of health facilities for the treat
ment of either sex. Among those children with fever 
who are treated, boys are significantly more likely to 
be taken to a modem service provider than girls in 
seven countries. For diarrhoea, boys are at a signifi
cant advantage in three countries. For cough or 
difficulty breathing, however, only in India is there 
evidence that boys are more likely than girls to be 
taken to a modem health facility. 

Few consistent patterns exist in the ratio of boys to 
girls using modem health facilities across the three 
symptom groups. The only survey that detected a 
significant difference by sex in the use of modem 
health facilities for more than a single symptom was 
the very large one in India. Indian boys whose symp
toms are treated are about 5 per cent more likely to be 
taken to a modem facility than sick girls who are 
treated. There is also little regional consistency when 
looking at health facility use for the individual symp
tom groups (figure 41). Boys are slightly more likely 
to be treated at a health facility in most parts of the 
world. However, all but one of the Western African 
surveys found that girls with diarrhoea who are treated 
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are more likely to be taken to a provider of modem 
services than boys who are treated. Equally, in most 
of the Western African surveys, boys whose fever is 
treated are more likely to be taken to a modem facility 
than girls whose fever is treated. 

F. TYPEOFTREATMENT 

The last three columns of table 51 and two columns 
of tables 52 and 53 present ratios of boys to girls who 
receive the most appropriate types of treatment for 
diarrhoea, fever and cough/respiratory difficulties as 
proportions of those treated in any way. Those data 
are summarized in figure 42. As Boerma, Sommerfelt 
and Rutstein (1991) note, there are limitations to those 
data. Mothers may not know what type of treatment 
was given to the child if it was administered outside 
the home and standardized definitions were not 
applied in every survey. However, it is unlikely that 
the impact of those problems varies by sex of the 
child, although mothers might tend to respond with the 
perceived best treatment for the pref erred sex. 

In most countries in the prsent study, ORS is used to 
treat less than 50 per cent of episodes of diarrhoea. In 
several Eastern and Southern Africa countries, to
gether with Trinidad and Tobago, it is used more 
often. There is no clear pattern of differentials by sex. 
Use of ORS among children who are treated is signifi
cantly higher for boys than girls in Bangladesh, the 
Dominican Republic and northern India but signifi
cantly higher for girls in Colombia and Kenya. 
Moreover, no evidence exists that the sex ratio in 
ORS use is associated with that in the use of modem 
service providers. The use of home salt and sugar 
solutions or any increased intake of fluids also can 
help to prevent dehydration from diarrhoea. In most 
countries with a significant sex differential in ORS 
use, that contrast is offset by greater use of other forms 
of rehydration therapy to treat children of the opposite 
sex. Only in Bangladesh and Kenya are there signifi
cant differences by sex in the overall likelihood that 
the type of treatment used for childhood diarrhoea is 
appropriate. 

Fewer observations exist for the treatment of fever 
by antimalarials or antibiotics. Overall levels of use 
vary from almost zero to about 57 per cent for antibi
otics in Cameroon and 73 per cent for antimalarials in 



Figure 41. Number of countries according to the direction of the sex differential 

in treatment at a facility among those treated, by region 
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Figure 42. Number of countries according to the direction of the sex differential 
in effective treatment among those treated, by region 
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Liberia. There are modest differences by sex in the 
treatment of fever by antimalarials or antibiotics in 
most countries. They tend to favour boys. For both 
antimalarial and antibiotic use, a significant difference 
in either direction is associated with the equivalent 
differential in health facility use. The explanation is 
not only that those drugs are dispensed at clinics 
because that finding extends to several African popu
lations where more children are given antimalarials or 
antibiotics than attend modem health facilities. 

Use of antibiotics to treat children with coughs is 
uncommon; it exceeds 33 per cent only in Togo. Use 
of cough syrup is much more prevalent, ranging from 
just 7 per cent in Mali to 72 per cent in Peru (1991-
1992). Two thirds of the countries in the present 
study record higher use of antibiotics by boys than 
girls among those treated. The differential is statisti
cally significant.only in Egypt (1992) and Paraguay. 
In most countries, girls who receive any treatment are 
more likely to receive cough syrup than boys. Only 
in one country (Togo), however, is there evidence 
that antibiotics and cough syrup are alternative treat
ments for cough that are used differentially for the 
two sexes. 

As with other aspects of the use of curative care, 
there is little consistency across the three symptom 
groups in the appropriateness of patterns of treatment. 
In the Niger, boys who are treated receive more 
appropriate care than girls for all three types of symp
tom, while in the United Republic of Tanz.ania girls 
receive consistently more suitable forms of treatment. 
More generally, there seems to be a tendency for 
treatment of sick boys to be more appropriate than that 
of girls in Western and Middle Africa but for treat· 
ment of sick girls to be more appropriate than that of 
boys in Eastern and Southern Africa. 

G. INDIAN STATES 

The results presented already demonstrate that there 
are more marked sex differentials in the health care of 
children in Bangladesh, India and Pakistan than in 
most other regions of the world. Moreover, patterns of 
health care differ between northern and southern India. 
Figure 43 examines state-level differences across India 
in the health care of boys and girls in slightly more 
detail. The indicators are defined and derived in the 
same way as those for national populations. 

Figure 43. Number of large Indian States according to the direction of the sex differential 
in use of preventive and curative health services, by region of India 
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Immunization coverage is markedly higher among 
boys than girls throughout all of northern India except 
Assam. The differentials are largest and statistically 
significant in Bihar, Madhya Pradesh, Punjab, Rajas
than and Uttar Pradesh, where between 11 and 39 per 
cent more boys than girls have received both any 
vaccine and measles vaccine in particular. In Rajas
than and Uttar Pradesh, moreover, boys are about 
15 per cent more likely than girls to complete courses 
of vaccination once they have received any vaccine. 
In southern India, in contrast, sex differentials in 
vaccination are small and insignificant, with the 
exception that boys are 11 per cent more likely than 
girls to have received measles vaccine in Kerala. 

As in other parts of the world, mothers report more 
episodes of diarrhoea, fever and cough among their 
sons than their daughters in both northern and 
southern India. Sex differentials in whether those 
disease episodes had been treated in any way are 
smaller than those in immunization coverage in 
northern India, but except for cough still consistently 
favour boys. In southern India, there is no clear 
pattern in favour of either sex. For fever and cough, 
boys who receive treatment are more likely to be taken 
to a modem health care facility than girls in both 
northern and southern India. In southern India, girls 
who are treated are more likely than boys to be taken 
to traditional practitioners. In northern India, they 
tend to receive home remedies. Despite that pattern of 
consultations, the measures used here do not suggest 
that those sick boys who receive treatment obtain 
more appropriate care than those girls who are treated 
in either part of the country. 

H. DISCUSSION 

The present study aims to identify the existence of 
and any regional patterns in sex differentials in the 
use of certain preventive and curative health services. 
Covariates of those differentials, such as overall levels 
of health service use, are also sought. As well as 
assessing whether gender affects use of any form of 
health care, sex differentials in effective service use 
are also investigated. 

The investigation of sex differentials in immuniza
tion coverage divides the process into two components 
that are potentially affected by the sex of the child: 
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the probability of receiving any vaccinations, includ
ing a specific look at the single dose of measles 
vaccine, and the probability of acquiring effective 
immune status through receiving the full series of 
doses ofEPI vaccines. Differentials by sex in immu
nization coverage and completeness are small in most 
parts of the world, and do not clearly favour either 
boys or girls. Within countries, differentials by sex of 
the child in the direction or extent of gender bias are 
seldom consistent between indicators (figure 38). 
South-central Asia is a striking exception to that 
generalization. In Bangladesh, northern India and 
Pakistan, boys are more likely to be ever-vaccinated 
than girls, are more likely to be vaccinated against 
measles and are more likely to complete courses of 
vaccination. Boys are also slightly more likely to 
receive vaccines than girls in Northern Africa and 
Western Asia. In other parts of the developing world, 
coverage tends to be slightly higher among girls. 

Only the OHS survey in Yemen asked about reasons 
for not taking a child for immunization. The most 
frequent response was that the place of vaccination 
was far away Gust over 30 per cent), followed by 
"other" (unspecified) reasons, lack of awareness of the 
need for immunimtion (14 per cent) and that the child 
was perceived to be too young (14 per cent). Other 
reasons, such as fear of vaccination, intention to go, 
lack of awareness of the need to return for other doses 
and so on, accounted for a small proportion of re
sponses. Although a sex differential existed in vacci
nation coverage in favour of boys, there was little 
difference by sex in the frequency of any of those 
responses. 

For the treatment of diarrhoea, fever and cough, the 
source and type of treatment were examined, as well 
as the "any treatment" versus "no treatment" dichot
omy. There is a small but widespread tendency for 
boys with symptoms of disease to be more likely to 
receive treatment than girls. That pattern extends to 
all regions except Eastern and Southern Africa. In 
addition, boys who are treated are more likely than 
girls to be taken to a modem health facility and to 
receive effective treatment. In general, therefore, the 
evidence that boys receive better health care than girls 
is clearer for curative than preventive measures. 
Nevertheless, when the different indicators for a single 
country are compared, they often reveal inconsistent 
patterns. In most countries, boys' advantage is re-



stricted to· certain types of disease or of treatment. 
There is also little evidence that sex differentials in 
service use are associated with the overall level of 
service use other than because by definition, differen
tials must disappear as uptake becomes universal. 

As with immunization coverage, most of the surveys 
did not include questions on reasons for not taking a 
sick child to a service provider or not using particular 
treatments. Even if such questions are asked, re
sponses may be biased if mothers perceive the ques
tion as threatening and thus attempt to give a socially 
acceptable answer. The Yemen OHS (1991-1992) did 
include a question about untreated episodes of diar
rhoea. The major reason given for not seeking medi
cal assistance was lack of access to facilities (29 per 
cent). For 18 per cent of the children, mothers consid
ered the child's illness to be mild, and for 7 per cent 
they were too busy to find time to seek treatment. For 
more than two in five children, "other" reasons are 
mentioned. There are no significant differences by sex 
of the child in the frequency with which mothers 
proffer those explanations. 

The present comparative study reveals that differen
tial health service use favouring boys is relatively rare. 
Clear evidence of systematically greater use of health 
services by boys than girls only exists in four of the 
countries for which data are available: Bangladesh, 
India, Pakistan and Yemen (tables 51, 52 and 53). In 
Cameroon, Egypt, the Niger and Tunisia, there is 
weaker evidence of the same pattern. All those 
countries except Tunisia are among the 14 of those 
that have conducted OHS surveys in which girls' 
mortality at ages one to four is more than 10 per cent 
higher than boys' mortality at the same ages. Equally, 

in at least two countries parents make more use of 
preventive and curative services for their daughters 
than their sons. They are Ghana and Kenya; the 
United Republic of Tanzania may also fall into that 
category. Ghana and Kenya, however, are not among 
the nine countries in which male child mortality is at 
least 10 per cent higher than female child mortality, 
though the United Republic of Tanzania is. Thus, 
lower use of health care by girls than boys is associ
ated with adverse mortality outcomes but not vice 
versa 

Examination of the whole sample of countries on 
which data are available, rather than just those for 
which there exists clear evidence of differential 
service use, also yields some evidence that differential 
child mortality by sex is associated with differential 
patterns of service use. Table 54 presents correlations 
between the sex differential in the child mortality rate 
( 4q1) and sex differentials in ever-vaccination and 
ever-treatment and in full vaccination, treatment at a 
modem facility and effective treatment for those 
children who receive some care. For diarrhoea, ORS, 
home solutions and increased fluid intake are regarded 
as effective treatments. Antimalarials for fever and 
antibiotics for cough are also regarded as effective 
treatments, though they would not be appropriate for 
every disease episode. The outliers, Colombia and 
Mali for treatment of fever at a facility and Uganda for 
effective treatment of fever, are omitted from the 
analysis. The sex ratio in child mortality is associated 
inversely with the sex ratios of being treated or vacci
nated at all. Only the associations between differential 
child mortality and differentials in the receipt of any 
vaccine and any treatment for cough are statistically 
significant. The associations between differential 

TABLE 54. ASSOCIATIONS BETWEEN THE SEX DIFFERENTIAL IN CHILD MORTALITY (4q1) 

AND SEX DIFFERENTIALS IN THE USE OF HEAL TH SERVICES 

Breakdown of 
treatment process 

Received any treatment/ever vaccinated 

Treated at health facility ............... . 

Effectively treated/fully vaccinated ...... . 

NOTE: An asterisk(*) indicates that p < 0.05. 

Vaccination Diarrhoea 

r= -0.390• r= -0.016 

r=-0.140 

r=-0.111 r= -0.060 
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Curative 

Fever Cough 

r= -0.216 r=-0.426• 

r=-0.187 r= -0.201 

r=-0.196 r=-0.117 



child mortality and measures of the sex differential in 
more effective use of health care and child mortality 
are also consistently negative. However, none of 
those associations distinguishing differential patterns 
of care among ever-vaccinated children and children 
receiving any form of treatment are statistically 
significant. 

In-depth field studies in South-central Asia have 
yielded convincing evidence both that girls attend 
health-care facilities less often than boys and that that 
difference is implicated in excess female childhood 
mortality. The nationally representative survey data 
examined in the present study are consistent with that 
view. In· Bangladesh, northern India and Pakistan, 
girls receive less preventive care than boys. In 
Bangladesh and northern India, they are also less 
likely to have their symptoms of disease treated at all 
or to receive appropriate care than boys. What the 
present comparative study emphasizes is that that 
finding cannot be generalized to other parts of the 
world. Although aggregate analyses that fail to 
control for confounding variables can mislead, differ
ential health care is neither widespread nor important 
enough to explain excess female mortality in child
hood in most of the developing world. According to 
the OHS surveys, higher child mortality among girls 
than boys is characteristic of much of the developing 
world. Since there is limited evidence outside South
central Asia of marked sex differentials in health 
service use other factors must account for excess 
mortality among girls in other regions. 

The apparent contradiction between that conclusion 
and those of earlier research probably arises from a 
publication bias affecting investigations of the present 
topic. Studies of sex differentials in health care are 
less likely to be initiated or pursued to the point of 
publication in regions of the world where they are 
unimportant. Thus, they have tended to focus on 
South-central Asia, where excess female child mortal
ity is particularly marked and girls often receive worse 
health care than boys. 

The survey data on reported morbidity reinforce 
existing evidence that even in populations where girls' 
mortality is higher, the reported prevalence of disease 
is at least as high among boys. Objective anthropo
metric data collected by the OHS suggest the same 
conclusion (chapter VI above). Thus, the reason why 
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girls suffer higher mortality must be because they are 
less likely to recover from disease. Part of the expla
nation for the higher case fatality among girls may lie 
in more subtle aspects of health service use than are 
measured here. For example, parents' compliance 
with regimes of treatment may be more meticulous 
when they are caring for sick sons than when they are 
caring for daughters. In addition, wider aspects of the 
quality of child care within the home are probably 
relevant. It seems possible that subtle but pervasive 
differences in the way that parents interact with their 
sons and daughters are important. Thus, identifying 
particular aspects of behaviour that are of significance 
may be just as difficult as it has been to identify the 
mechanisms accounting for the impact of maternal 
education on child mortality (Cleland, 1990). 

On occasion, boys receive worse health care than 
girls. That fact has been overlooked in the literature 
on sex differentials in mortality, largely because most 
studies of that subject have been conducted in societ
ies where there is strong preference for sons. It seems 
unlikely that the instances of relative male disadvan
tage reflect deliberate discrimination by parents. 
Although that argument might be sustainable for some 
matrilineal populations in sub-Saharan Africa, the 
influence of gender on behaviour is probably more 
subtle. Equally, it seems likely that more complex 
processes than overt discrimination are also responsi
ble for the mortality differential in at least some 
populations where it is girls that are disadvantaged. 

Higher male service use in childhood is less perva
sive than excess female mortality. Nevertheless, the 
health care received by boys and girls differs in 
countries with a range of levels of health service 
provision and epidemiological profiles. There is a 
long way to go before that potential source of inequali
ties in child health is eliminated. Plainly, the right of 
every child to facilities for the treatment of illness 
(UNICEF, 1990) is not being fulfilled. 

NOTE 

'Box plots indicate for a distribution, the location of the median (the 
horizontal line within the box) and the extremes of the distribution (the 
ends of the verticle lines extending beyond the central box or the 
individual points just above or below them if outliers exist). 
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VIII. THE EFFECT OF MATERNAL EDUCATION ON CHILD 
HEALTH AND SURVIVAL - DO GIRLS BENEFIT? 

John Cleland* and Katie Han-is* 

The strong links between a woman's education, her 
reproductive behaviour and the survival of her children 
have been repeatedly demonstrated for the past 1 S 
years. The advantages that appear to flow from 
chooling provide ample justification for policies 
designed to improve school enrolment and retention, 
particularly for females. In the policy debate, it is 
often assumed that daughters will benefit even more 
than sons from the exposure of their mother to school
ing, thereby redressing a prevailing pro-son bias in 
parental care. The aim of the present chapter is to 
assess the validity of that assumption, using data from 
a wide range of developing countries. 

First, evidence concerning the well established 
maternal education-child survival relationship and the 
possible mechanisms involved are briefly reviewed. 
That review is followed by an outline of existing 
hypotheses concerning the question of central interest: 
does the education of a mother bring about a relative 
shift in health and survival of her sons and daughters? 
The relevant literature is outlined. A description of the 
data and methods used in the present study, together 
with their limitations, follows. The most plausible 
pathways, differential nutrition and health-seeking 
behaviour, are then examined, by analysing data on 
health indicators from phase I Demographic and 
Health Surveys (DHS). Lastly, child mortality is 
analysed with the aim of ascertaining whether maternal 
education has a mediating effect on sex differentials. 

A. BACKGROUND, HYPOTIIESES AND EVIDENCE 

Since the pioneering study in Nigeria by Caldwell 
(1979), a huge body of evidence has been assembled 
on the relationship between maternal schooling and 
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child survival. Cross-national analyses of World 
Fertility Survey data (e.g., Hobcraft, McDonald and 
Rutstein, 1984) have been followed by similarly 
extensive investigations ofDHS data (e.g., Bicego and 
Boerma, 1991). That comparative work has been 
complemented by a myriad of studies of single popula
tions. In developing countries, the ubiquity and the 
strength of the statistical link, particularly for child 
rather than infant mortality, is in no doubt. However, 
there is less certainty and agreement about its underly
ing causes. Education is no mere proxy for income or 
wealth, but there are few convincing demonstrations, 
thus far, that exposure to primary schooling automati
cally enhances the knowledge, autonomy or power of 
women in ways that might impinge on child health. 
Similarly, the proximate pathways of influence have 
not been unambiguously identified. Better domestic 
hygiene is one possible pathway, but educational 
differentials in reported incidence or prevalence of 
diarrhoeal morbidity are usually modest and thus not 
strongly supportive of the thesis that educated mothers 
protect their children more effectively than less edu
cated ~others from water or food-borne pathogens. 

Evidence concerning curative care is somewhat 
more positive. Most investigations have found that 
maternal education is associated with an enhanced 
propensity to seek allopathic care for sick children. It 
is also probable but by no means proven that education 
encourages mothers to act more promptly when 
confronted by illness to extract a better quality of care 
from health services and staff and to comply more 
closely to recommendations. Here, then, is one 
plausible cluster of factors that offers at least a partial 
explanation for the powerful influence of mother's 
education on child survival. However, as can be seen 
from a recently published exchange on the subject, 
many factors may be involved and simple monocausal 
explanations are unlikely to prove adequate (Austra
lian National University, Health Transition Centre, 
1994). 



Interest among demographers and social scientists 
in differential valuation of sons and daughters has an 
even longer pedigree than interest in the education
child survival relationship. Evidence that sons may 
have a greater value in parental eyes than daughters 
can take many forms: the direct testimony of survey 
respondents concerning the desired sex of future off
spring; inferences from reproductive behaviour itself; 
sex-selective infanticide and foeticide; and sex differ
entials in child survival and health. To summarize a 
huge literature in crude terms, son preference in one 
form or another has been found in much of Asia and 
Northern Africa but not to the same extent elsewhere. 

There is much debate over whether son preference 
is a product of economic structures or sociocultural 
contexts and the extent to which it is expressed in 
forms of conscious discrimination. Das Gupta (1987) 
takes the view that cultural factors underlie differ
ential treatment of males and females. Cultural factors 
are ''translated into economic considerations" (p. 96), 
for instance, by denial of asset ownership rights and 
unfavourable household resource flows for women. 
Similarly, in rural Bangladesh the higher economic 
value of boys emanates from a complex set of cultural 
practices and institutional arrangements, such as 
purdah, dowries, early and patrilocal marriages (Koe
nig and D'Souza, 198,6). In turn, boys' enhanced 
economic value perpetuates those sociocultural institu
tions by increasing women's dependency on men for 
economic and social security in risky and patriarchal 
environments (Cain, 1978; Koenig and D'Souza, 
1986). Women therefore have a great incentive to bear 
sons and maintain them in good health (Pebley and 
Amin, 1991). 

The finding that girls with older surviving sisters 
have increased mortality leads Das Gupta to the 
conclusion that intentional "selective discrimination" 
against girls exists, particularly higher order daughters. 
Conversely, Waldron (1987) concludes that parents 
generally do not engage in conscious discrimination 
between sons and daughters, but rather that sex dis
crimination is embodied in cultural beliefs; for exam
ple, girls may be seen as more hardy and there-fore in 
less need of health care. 

Others argue that economic rationality underpins 
son preference. Gender inequality, with its associated 
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health outcomes, is not uniform across time and space 
but tends tO be heightened in specific contexts and for 
certain subgroups. Extreme economic pressure may 
force poor families to allocate limited resources in 
order to maximize chances of survival, and the crite
rion used for allocation may be gender. Again, that 
discrimination need not take the form of deliberate 
neglect of girls, but rather the preferential treatment of 
boys. The severe famine in Matlab, Bangladesh, in 
1974 and 1975, provides evidence consistent with that 
interpretation: sex differentials in child mortality 
increased because girls received even less food and 
other care than usual relative to boys (Bairagi, 1986). 
Behrman's (1988) econometric analysis of intra
household nutrient allocation in rural India parallels 
that result. Behrman finds that pro-male bias in 
parental preferences is exacerbated by 5 per cent in the 
lean season; a combination of a response to differential 
expected labour market returns to nutrient investments 
in boys versus those in girls, and of a degree of toler
ance to gender inequality. 

It follows that son preference and sex differentials in 
mortality should be less evident in more favourable 
circumstances. That is the case in the study of Pebley 
and Amin (1991) on the impact of a public health 
intervention on sex differentials in child mortality in 
the Ludhiana District of the Punjab. The ratio of male 
to female child mortality rates declined in the villages 
that received nutritional supplements but remained 
constant in the control villages. That reduction in sex 
differentials was probably a consequence of the fact 
that family resource allocation systems were overrid
den by the project intervention rather than the result of 
any shift in attitudes. 

However, the clearest evidence that sex differentials 
in mortality do not necessarily decline in more aftluent 
settings also comes from the Punjab. Not only is the 
population of Punjab the wealthiest in India, it is 
the most biased against girls (Bourne and Walker, 
1991; Das Gupta, 1987). Similarly, a study of two 
villages in West Bengal found a larger differential 
in nutritional status between boys and girls in the 
wealthier than in the other village (Sen and Sengupta, 
1983). As Das Gupta (1987) emphasizes, "For India 
as a whole ... scarcity of resources may at most accentu
ate the effects of sex bias within a given culture" 
(p. 96). 



Those mixed findings of the association between 
socio-economic-cultural factors, son preference and 
sex differentials in mortality serve as a warning that 
any effects of maternal education on sex-biased 
attitudes and gendered behaviours may be complex 
and contingent upon whether the biases arise from 
intentional behaviour or from less deliberate predispo
sitions. Two contrasting expectations are examined 
here. 

The first expectation has three strands, all with the 
common theme that education is likely to reduce sex 
differentials in child mortality in settings where son 
preference exists. First, if son preference is seen 
predominantly as a reflection of patriarchal cultural 
values it might be expected that gender differentials 
will narrow as mothers become more educated. The 
rationale derives from the Nigerian research of Cald
well (1979) . Education can erode traditional sex
biased attitudes, encourag~ the development of more 
modem egalitarian views influenced by western values 
and thereby bring about a more equal allocation of 
resources between boys and girls. Caldwell asserts 
that education also affects the position of the woman 
in the family and in society. That improved status and 
self-esteem of the woman will also result in an in
crease in her perceived value of daughters, thereby 
reaffirming a more equitable division of resources by 
gender (Ware, 1984). 

The second strand stems from the interpretation that 
son preference is an economically rational response to 
a situation oflimited resources. It is still expected that 
sex differentials in health and mortality will narrow as 
mothers become more educated, but for different 
reasons than those advanced above. Educated women 
are likely to have greater resources available to them, 
associated to some extent with enhanced economic 
status. Furthermore, educated women might make 
better use of existing resources and gain improved 
health-related knowledge. One possible consequence 
is that even if underlying attitudes remain resistant to 
the experience of schooling, educated women are less 
likely than uneducated women to be forced into vital 
gender-biased decisions regarding the allocation of 
resources (Ware, 1984). 

The third strand to the first type of expectation is 
that maternal education may decrease sex differentials 
in child mortality purely because of the changing 
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cause-of-death structure that is associated with declin
ing levels of mortality. In particular, accidents, which 
usually affect sons more than daughters, become more 
prominent as a cause of death when the impact of 
infectious diseases is lessened (Waldron, 1987). Thus, 
better educated groups with associated lower mortality 
from infectious diseases face risks of death that 
disadvantage boys rather than girls. 

The competing expectation is that increased mater
nal education can actually inflate gender differentials 
in contexts where biases against daughters are inten
tional, whether for cultural or economic reasons. Even 
if the actual risks of death decrease for both boys and 
girls, boys benefit disproportionately. The main 
proponent of that argument is Das Gupta (1987), who 
proposes that educated mothers may deploy their 
enhanced skills as "producers" of child health in a 
selective manner that favours sons more than daugh
ters. 

There are two variants of that basic argument First, 
if son preference has an intentional, cultural basis, as 
Das Gupta claims for the Punjab, discrimination 
against daughters will be closely related to family
building strategies; specifically, parents will be care
ful to restrict the number of daughters they have. 
More educated women warit small family sizes but still 
wish to have one or two sons; those twin consider
ations create a pressure to have fewer surviving 
daughters. In other words, declining fertility associ
ated with increased education exposes underlying 
attitudes. One solution, increasingly common in some 
Asian countries, is sex-selective abortion. The alterna
tive is a relative neglect of higher order daughters, who 
experience excess mortality. The second variant 
assumes that son preference has a more economic but 
less deliberate basis. As Behrman's review in chapter 
X suggests, educated parents may be particularly 
sensitive to gendered market forces. They may act in 
an even more economically rational manner to the 
detriment of their daughters in contexts where boys 
bring the greatest economic returns to investment. The 
evidence for those two competing expectations is 
outlined below. 

The most convincing evidence that education 
reduces sex differentials in child mortality is from 
northern India Simmons and others (1982) found that 
the education of mothers improved the survival of 



daughters only, even after controlling for the age of 
mothers and health service access in Uttar Pradesh. 
Similar results were obtained from the 1981 Indian 
census data by Bourne and Walker (1991), who 
analysed the mortality tables of Indian states to deter
mine whether mortality was different for boys and girls 
by region and age. They then classified the data by the 
educational level of the mother to assess the relative 
effects of education on sex-specific mortality. Their 
findings confirmed that maternal education has a clear 
effect on mortality that is greater for boys in infancy 
but more pronounced for girls thereafter, particularly 
in the northern states. The reduction in under-five 
mortality associated with a shift from no maternal 
education to matriculate but not graduate level was 
77.4per1,000 for northern boys; for northern girls, the 
corresponding reduction was 95.9 per 1,000. 

Tulasidhar ( 1993) also analysed the Indian census of 
1981, this time defining education in terms of the 
number of years of schooling. He estimated mortality 
gradients (the decline in child mortality for an addi
tional year of maternal education). Consistent with 
Bourne and Walker's findings, female under-five 
mortality rates fall more quickly in the entire country 
than those of males (a 20 per 1,000 decline for every 
year of additional education in the 1-7 years of educa
tion class, compared to 16.2 per 1,000). Furthermore, 
the steepest mortality-education gradients occur for 
girls in certain northern states. Even after controlling 
for female labour force participation, length of mater
nal schooling has a large and significant effect on 
female child mortality. 

There is very little evidence to support the first 
expectation outside South-central Asia One exception 
is an analysis of Egypt's World Fertility Survey. 
Mother's education was represented as a dichotomy: 
complete primary school or above versus incomplete 
primary or no schooling. Multivariate analysis indi
cated that daughters benefited significantly more than 
boys from the education of the mother (Ahmed, 1992). 
However, contrary results were obtained in Jordan, 
where Weinberger and Heligman (1987) found that 
boys benefited more than girls. 

The second expectation is that increased education 
can actually exacerbate sex imbalances in mortality 
and other health outcomes. Supporting evidence 
comes from Basu's (1989) study of mortality and 
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health care for Uttar Pradesh immigrants living in a 
Delhi slum. Mothers with some education were more 
likely than uneducated mothers to favour sons in terms 
of health care, and excess female mortality was corre
spondingly greater. 

Further positive evidence comes from the Punjab 
(Das Gupta, 1987). Parity-specific sex differentials 
were found to be influenced by maternal education in 
that resurvey of the 11 villages in the Ludhiana District 
from the Khanna Study (Gordon and others, 1965). 
Uneducated women experienced markedly higher 
child mortality rates than women with one or more 
years of education, for all sons and for the first daugh
ter. However, the mortality of girls born to mothers 
who already have one or more siirviving daughters 
was similar among educated and uneducated mothers. 
An examination of sex ratios of food consumption, 
expenditure on children's clothing and medicine 
suggested that relative female disadvantage in medical 
care was the most important factor in accounting for 
the widening sex differentials in child mortality at 
higher birth orders. However, those data were not 
stratified by maternal education levels. Further, 
mortality rates during the first five years of life were 
based on fewer than 40 deaths that occurred over a 
period of 20 years, and statistical significance tests 
were not employed. 

Results similar to those of Das Gupta are reported by 
Stanton and Clemens (1986). They failed to find any 
narrowing of the sex differential in childhood (under 
six years) mortality among families where the mother 
is educated, in their urban Bangladesh sample. The 
relative disadvantage of daughters worsened among 
better educated families because of a sharper mortality 
decline among boys. The authors conclude that female 
deaths are more resource-independent than boys, and 
that female deaths result from a "non-allocation of 
adequate family resources to the child" (p. 14). 

Data from the Bangladesh Fertility Survey con
ducted in 1974 and 1975 also found the education of 
mothers to be associated with a relative deterioration 
in the welfare of girls. For mothers with an education 
above the primary level, female infants were three 
times as likely to die as boys; for mothers with no 
education, the ratio was 1.46. The ratios were lower, 
but in the same direction for the older age group of 
2-10 year old children (Huda, 1980). However, the 



"above primary" category contained only 77 deaths 
and significance tests were not performed. 

Bhuiya and others (1986) examined the relationship 
between child nutrition and socio-economic status for 
boys and girls using longitudinal data from Matlab 
district in rural Bangladesh. They found that the 
proportion of children classified as malnourished (less 
than 70 per cent of standard weight-for-age) declined 
with maternal education, but the decline was greater 
among boys. However, beyond the threshold of six or 
more years of education, the sex disparity in nutri
tional status narrowed considerably, though that result 
was based on few cases. 

Further evidence for Bangladesh comes from a good 
study using a combination oflongitudinal data (1982 
to 1984) and a socio-economic household survey 
(1982). Bhuiya and Streatfield (1991) followed the 
1982 birth cohort for 2 years in the Matlab district. A 
haz.ard model was used to investigate the relationship 
between household and individual socio-economic 
covariates and child mortality, thus taking account of 
the censoring of observations and also the rapid 
change of mortality risks from one age group to the 
next during childhood. A maximum-likelihood logit 
model analysis was carried out to ascertain the net 
effects of the independent variables (including mater
nal education, categorized as "no schooling", "1-5 
years" and "6 or more years"), as well as their depend
ence on the sex of the children. Their results show 
that mothers' education had an unequal impact on the 
survival of boys and girls: both the female and male 
predicted risks of death between the ages of 6 and 36 
months decreased with higher education of the mother, 
but the female one was always higher and decreased 
more slowly. Thus, sex ratios of mortality reflect an 
increasing relative female disadvantage. Bhuiya and 
Streatfield attempted to explain that phenomenon with 
the help of Mosley and Chen's (1984) model of proxi
mate determinants of child survival and other research. 
Out of maternal characteristics, environmental contam
ination, injury, nutrient deficiency and personal illness 
control, the first two are unlikely to be conditioned by 
the sex of the child. Injury and accidents disadvantage 
boys more than girls. No evidence of sex differentials 
in preventive health measures, particularly immuniza
tion, was found for that study population. The authors 
were left with the suggestion that interactions between 
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the mother's education and sex discrimination in 
curative health measures and feeding were r:esponsible 
for the observed mortality inequalities. Increased 
education enabled mothers to become even more 
sensitive to illness in boys and effective in their care of 
them. 

The results of several studies are neutral or ambigu
ous with regard to the two competing expectations 
concerning the influence of mother's education on sex 
differentials in mortality. Instead, they find that the 
influence of maternal education on the survival of 
boys and girls is equal or that it is conditioned by 
length of schooling. Weinberger and Heligman ( 1987) 
analysed World Fertility Survey data from six coun
tries in South-central and Western Asia, and four 
countries in Eastern and South-eastern Asia, all of 
which are characterized by son preference to different 
extents. The South-central Asian countries showed 
consistent patterns; sex ratios of child mortality were 
lower for women with one to three years of education 
than for women with no education or with four to six 
years. Women with four to six years of education 
show higher sex ratios of mortality than those with 
fewer or no years. Thus, it appears that male children 
benefit disproportionately from initial increases in 
women's education, but girls benefit disproportionately 
as wQmen pass the early primary years. No such 
pattern is seen for infant mortality among the South 
Asian countries, nor, at either age group, among the 
Eastern Asian countries. In the latter, sex ratios 
increase or decrease very erratically. Only Jordan 
provides significant findings, in favour of the second 
expectation (i.e., that education with exacerbate sex 
differentials) and only for infant mortality. 

Muhuri and Preston (1991) found that sex differen
tials did not vary with the level of mothers' schooling 
in their Matlab study of longitudinal data linked to the 
1982 Matlab census. Mothers' education does not 
interact with the sex of children to affect significantly 
their mortality, even when controlling for family 
composition. The authors expect that finding since 
they attribute much of the higher child mortality 
among poorly educated mothers to inadequate hygiene 
practices and to their lack of contact with modem 
health facilities. Both girls and boys should benefit 
equally from improvements that stem from maternal 
education. 



To summarize, mixed conclusions have been reached 
concerning the mediating effects of maternal education 
on sex differentials in mortality and in their proximate 
determinants. Plausible results exist to support both 
the expectation that maternal education will reduce 
and its opposite-that it will inflate male-female 
differences in mortality. Unfortunately, evidence is 
largely restricted to South-central Asia, thereby invit
ing caution in extrapolating to other regions. 

Perhaps the two competing expectations can be 
reconciled to a certain extent by combining several 
theories of how education influences child mortality, 
and by recognizing that more than one underlying 
reason for sex differentials may exist. Partin (n.d.) 
summarizes that possible reconciliation well, on 
finding that the sex gap in survival in Bangladesh was 
wider when the mother was moderately educated 
than when the mother was uneducated or highly 
educated: "those changes represent temporary adjust
ments to shifting circumstances and the differences 
will eventually converge" (p. 20). Partin accepts that 
education increases the availability and use of re
sources, but also realises that there may be a consider
able time lag before.sex-biased attitudes change in a 
society; only when those attitudes change will the 
original discriminating behaviour that favours males 
also change. 

B. DATAANDMETIIODS 

Data from the first phase of the OHS are analysed in 
the present chapter. Twenty-seven developing coun
tries participated in that phase, and are listed in table 
61. It should be noted that neither of the two countries 
(India and Bangladesh) that have furnished the bulk of 
evidence on sex differentials in mortality are repre
sented. The majority of countries are in Central and 
South America or in Africa. Data from the birth 
history section provide the child mortality estimates, 
while the child health and child anthropometry sec
tions furnish supplementary information on health 
indicators. Those child records were linked to the 
mother's characteristics, particularly her educational 
status. Comparable data on child mortality are avail
able from all surveys, hut coverage of health informa
tion is less complete; for instance, nine surveys did not 
collect anthropometric data. 
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1. Mortality measures 

The indicator of child mortality used in the present 
chapter is the life-table measure, 54q6, the probability of 
death between the age of six months and 5 years. That 
unconventional measure was chosen because the 
influence of maternal education on risks of death is 
known to be stronger in childhood than in early 
infancy, when biological determinants predominate 
(Waldron, 1987). Weaning rarely occurs before the 
age of six months, and that transition signals an 
increasing wlnerability of children to infection and 
malnutrition; thus, sex differentials in preventive or 
curative health measures will become more important 
following the introduction of breast milk supplements. 
Furthermore, data quality problems, such as birth 
displacement and age at deirtb misreporting (especially 
heaping on 12 months), can have significant impacts 
on standard measures of infant and child mortality in 
OHS enquiries (Sullivan, Rutstein and Bicego, 1994). 
To minimize the effects of such errors, a mortality 
measure spanning 6 to 60 months of age is used. It 
represents the life-table probability of death between 
age 6 and 60 months per 1,000 children who were 
born in the 10 years prior to the surveys. 

Sex differentials in child mortality are defined as of 
the ratio of male 54q6 to female 54q6 • Thus, a ratio of 
greater than one is an indicator of male disadvantage, 
and a sex ratio less than one suggests female disadvan
tage. The Cox-Mantel test is used to assess the null 
hypothesis that there is no sex difference in mortality 
(see Namboodiri and Suchindran, 1987). The Cox
Mantel test statistic is normally distributed in large 
samples, with a mean of zero and variance of one. 
Age-standardized mortality risks are used ( 6-12 
months, 12 months to 2 years, 2-4 years). Computa
tional procedures are outlined below. 

Firstly, the "expected numbers" of deaths are calcu
lated among children of each sex under the assumption 
of no sex difference in mortality. That is cone by 
distributing the Qumber of deaths at each age interval 
in proportion to the numbers of males and females at 
risk at the beginning of that age interval. The Cox
Mantel test examines whether the observed number of 
deaths is significantly different from the expected 
number, for either males or females. The test statistic 
(C) is equal to the difference between the expected and 



observed number of deaths, divided by the square root 
of the variance of the difference. The equation for the 
variance includes a correction term for sampling from 
a finite population without replacement. Statistical 
tables for the normal distribution are used to assess the 
significance level of the resultant test statistic. Just 
two educational groups (none versus primary or 
higher) are used here in order that the sample size in 
each group may be large enough to justify the approxi
mation to the normal distribution. 

2. Health indicators 

The review of evidence suggests that the two most 
likely mechanisms by which maternal education may 
interact with sex differentials in child survival are 
differential feeding practices (reflected in nutritional 
status and measured with anthropometric indices) and 
curative health care. The OHS collects children's 
anthropometric data and information on the case 
management of diarrhoea, fever and cough for recent 
morbidity episodes. Not all surveys, however, contain 
all the relevant questions, as discussed below. 

Food intake is one of the major determinants of a 
child's health, and may be influenced by parental 
behaviour through intrafamilial food distribution 
practices. In turn, parental behaviour may be condi
tioned by educational status and the sex of the child. 
Since no direct data on food intake are available in 
the OHS anthropometric indices are used as a crude 
proxy. In fact, the growth of children is governed 
not only by food intake but also by incidence, duration 
and severity of infections (Bairagi, 1986; chapter V 
above). 

Height-for-age is chosen as the indicator of nutri
tional status. Eighteen of the surveys collected those 
data (table 55) by measuring the height of surviving 
children in varying age ranges within the 0-60-month 
bracket. Such anthropometric data for children aged 
between 3 and 36 months are available in 16 surveys; 
an additional two surveys, Senegal and Dominican 
Republic, collected information for children aged 6-35 
months. Height-for-age data provide a good indication 
of the overall health status of children. Since such 
measures taken for 3-35 month old children vary little 
from those among 4 and 5 year olds the narrower age 
range does not limit the comparison with the broader 
age ranges used for mortality and treatment indicators. 
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Differentials in that status, by sex and by maternal 
education, are measured by comparing the proportions 
of children who are stunted in any group. Stunting is 
defined as a height-for-age Z-score below -2 standard 
deviations from the median of the International Refer
ence Population (WHO/CDC/NCHS), and reflects 
chronic malnutrition due to insufficient protein-energy 
intake and repeated morbidity. 

Stunting is chosen in preference to wasting (low 
weight-for-age) since proportions stunted gives a 
larger numerator with which to analyse differentials. 
Furthermore, an indicator of long-term health status is 
desired to complement the information on recent 
morbidity and its treatment. 

The second health indicator concerns mode of 
treatment of recent diarrhoeal episodes. Relevant 
morbidity information for a reference period of two 
weeks was elicited in most DHSs, while parallel 
questions on fever and respiratory disorders were less 
commonly included. Treatment rather than morbidity 
itself is the focus or attention, because of evidence that 
sex differentials are more likely for diarrhoeal case
fatality than for incidence (Fauveau, Koenig and 
W ojtyniak, 1991 ). 

Effective treatment of an illness episode is crucial to 
the health of a child. It is the recovery rate from 
illness that is really of interest here, but there is no 
direct measure of that in the OHS. As an indirect 
proxy of the recovery rate, questions to mothers about 
their health-seeking behaviour for their sick child are 
used. Three indicators have been defined: proportions 
of sick children who are treated in any way; propor
tions taken to a modem health facility; and proportions 
treated with oral rehydration solution (ORS). The 
latter two indicators are assumed to be the most 
appropriate forms of case management for diarrhoea. 
They are also probably more sensitive to maternal 
education and children's sex than is "any treatment", 
since they require greater knowledge, greater time and 
monetary costs, and more complex decision-making. 

Variations between surveys in the way in which 
questions on treatment are asked is a potential prob
lem. Some surveys did not include a direct question 
on "any treatment"; they are excluded from the analy
sis of that particular variable. "Use of modem health 
facility" is elicited in a variety of ways; for instance, in 



TABLE SS. NUMBER OF CHILDREN AGED 3-3S MONTHS, WHO ARE AT RISK OF STUNTING, BY MATERNAL EDUCATION 

No 
education 

Region and count~ Males Females 

Eastern and Southern Africa 
Burundi ...................... 788 781 
Uganda ....................... 460 S3S 
Zimbabwe ..................... 139 13S 

Northern Africa 
Egypt ........................ soo 413 
Morocco ...................... 1 319 1 338 
Tunisia ....................... SS2 SS2 

Western Africa 
Ghana ......................... 400 3S7 
Mali ......................... 389 368 
Senegal ....................... 260 248 
Togo ......................... 416 382 

Southern and South-eastern Asia 
Sri Lanka ..................... lOS 73 
Thailand ...................... 77 74 

Latin America and the Caribbean 
Bolivia .......... ~ ............ 303 280 
Brazil ........................ SS S7 
Colombia ..................... 99 88 
Dominican Republic ............. 49 61 
Guatemala .................... SS4 S80 
Trinidad and Tobago ............ 3 3 

Source: Demographic and Health Survey data tapes. 

some surveys, a modern facility is equivalent to a 
hospital, while in others, it includes health clinics, 
private doctors and pharmacies. Definitions of the 
"modern health facility use" variable for each survey 
are contained in annex table A.2 below. It should be 
noted, however, that that inter-survey variability 
should not bias intra-survey estimates of differential 
treatment of boys and girls (Hill and Upchurch, 1994). 
The definition of "ORS use" is more precise, although 
the phrasing of questions on ORS and on home sugar
salt solutions (SSS) varies. For several surveys, the 
ORS use variable was constructed from responses to 
an open question on treatment types for diarrhoea. 
Other surveys asked specific questions on ORS use. 
Zimbabwe does not use ORS packets as national 
policy, so the SSS variable substitutes. However, as 
with place of treatment, those variations should not 

186 

Primary Secondary and higher 
education education 

Males Females Males Females 

180 lSl 20 24 
612 63S 86 90 
470 493 140 161 

324 312 141 147 
lSO 147 92 76 
391 349 72 90 

48S SlO 43 46 
93 77 s 4 
36 4S 14 18 

199 190 66 74 

304 281 393 346 
746 711 84 86 

692 638 266 307 
197 203 39 23 
390 366 92 139 
61S 601 18S 227 
S02 Sll 23 18 
19S 218 199 209 

have much impact on within-survey comparisons 
between boys and girls, or between maternal education 
groups. 

Sex differentials in all the above health indicators 
are defined in the same way as mortality, namely in 
terms of male to female ratios of proportions stunted, 
and of proportions of children treated in specified 
ways. However, the interpretation of the ratios differs. 
Sex ratios of proportions stunted that are greater than 
one indicate male disadvantage: girls are less likely to 
be stunted than boys. Conversely, high sex ratios in 
proportions receiving treatment for diarrhoea indicate 
male advantage: boys are more likely to be treated 
(effectively) than girls. The Pearson Chi-square test is 
used to ascertain the statistical significance of those 
sex differentials. 



3. Quality of data 

The mortality analysis in the present chapter is 
highly sensitive to sex-selective omission of dead or 
surviving children. Displacement of dates of birth is 
less likely to bias results because of the use of a broad 
10-year cohort of children. Dating errors in DHSs 
tend to be concentrated in years four to six prior to 
survey date. Similarly, misreporting of ages at death 
should not have serious consequences because the 
mortality measure (54q6) covers a wide age span. 
What, then, is the evidence for sex-selective omission 
in OHS enquiries? 

One check for sex selective omissions is to analyse 
the sex ratios at birth for different time periods; they 
should fall in the range of 102 to 107 boys born for 
every 100 girls. For most surveys, that is the case for 
the period of zero to 10 years before the survey. In 
Botswana and Uganda, it is unusually low, suggesting 
some omission of male births. The reverse is true of 
Colombia, Indonesia and Sri Lanka (Arnold, 1990). 
There are two possible implications for interpretation 
of sex-specific mortality. First, if that differential 
coverage of male or female births is associated with 
differential reporting of deaths in childhood by sex, 
then underestimates in mortality of one sex will result 
in a misleading sex ratio of child mortality. Second, 
even if there is complete coverage of childhood deaths 
for both sexes, the underreporting of births for one sex 
will then result in an overestimation of mortality for 
that sex with its reduced denominator; again, the sex 
ratio of mortality will be misleading. 

A related potential problem is sex-selective omission 
of dead children. Sullivan, Bicego and Rutstein 
(1990) checked the sex ratios of infant mortality rates 
of all OHS I surveys, and the sex ratio of their sub
intervals (neonatal and postneonatal periods) for those 
that had exceptionally high or low sex ratios of infant 
mortality. For Botswana, Sri Lanka and Thailand, 
very high infant mortality sex ratios were found 
(higher than the expected range of 1.16 to 1.30 from 
Regional Model Life Tables (Coale and Demeny, 
1966)). High sex ratios for the neonatal period and 
more moderate values for the postneonatal period were 
found in Botswana and Sri Lanka, indicating that 
underreporting was likely of female infants who had 
died in those two surveys, but less likely in Thailand. 
For Morocco, Trinidad and Tobago, and Tunisia, the 
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infant mortality sex ratios were 1.05 or lower, indicat
ing possible omission of male deaths. However, the 
same check on Morocco and Tunisia revealed that for 
the neonatal period, male mortality exceeds female 
mortality as expected, but higher female relative to 
male mortality postneonatal mortality contributes to 
the very low IMR sex ratio. In Trinidad and Tobago, 
the evidence for omission of male deaths is stronger 
since female mortality exceeds male mortality in both 
subintervals (Sullivan, Bicego and Rutstein, 1990). 

Because our measure of child mortality does not 
include the neonatal period but includes only the late 
post-neonatal period, that check for sex differentials in 
the reporting of births and early deaths implies overall 
fair quality of the data. 

Hill and Upchurch (1994) combine the above two 
checks by comparing the sex ratios of neonatal 
mortality with sex ratios at birth across surveys, for 
births in the 60 months prior to interview. They 
suggest that an association of high proportion male at 
birth with high female neonatal advantage might imply 
systematic error. However, they find no signs of a 
positive association between the two. In general, it is 
possible to agree with Hill and Upchurch's view (1994, 
p. 7) that the data are of reasonably good quality, 
though there are country-specific anomalies that argue 
against overinterpretation of results for a particular 
country. 

The OHS data on nutritional status and treatment are 
for surviving children only. Thus, sex differentials in 
those indicators could be distorted by selection effects. 
However, health status is a continuwn with death at 
one extreme; when deaths are removed, the distribu
tion of survivors (by sex and by mother's education) 
along that continuwn should still reflect health status 
differentials in well-sampled cross-sectional surveys 
(Hill and Upchurch, 1994). Data quality issues per
taining to particular health indicators follow. 

Height-for-age is an objective measure, independent 
of maternal perceptions (Hill and Upchurch, 1994). 
Thus, there is little if any possibility of reporting 
biases either by the sex of the child or by the mother's 
education. However, the extent of coverage of eligible 
children, the reliability of age reporting and the accu
racy of measurement potentially can affect the .inter
pretation of anthropometric findings. 



The accuracy of birth dates is important for two 
reasons. First, the age of the child could be exagger
ated to lie beyond the age boundary where child 
measurement is required, leading to missing anthropo
metric data for eligible children. That consideration is 
of most concern if selection effects operate. The 
proportion of children eligible for anthropometric 
measurement but who were not measured was similar 
across education categories in most surveys. In some, 
there was a slight increase among children of mothers 
with higher education, a feature that can usually be 
explained by higher fostering rates, as in Uganda and 
Zimbabwe (Sommerfelt and Boerma, 1993). That 
potential selection effect is unlikely to vary by the sex 
of the child. Systematic displacement of birth dates is 
also important because it leads to a misspecification of 
severe malnutrition, particularly for infants (Sommer
felt and Boerma, 1993). Such displacement was most 
pronounced in the African surveys, but it is unlikely 
that the latter bias will vary according to the sex of the 
child. Absolute levels of stunting may be estimated 
incorrectly from the surveys, but the sex ratios in the 
proportions stunted should not be affected. 

Heaping of height measurements on the digits .0 and 
.5, due to inaccurate measuring, was common in the 
Dominican Republic, Egypt, Ghana, Guatemala, 
Morocco and Tunisia. That imprecision results in 
systematic undermeasurement since the design of the 
measuring board makes it impossible to read the scale 
beyond the child's height (Sommerfelt and Boerma, 
1993). Again, however, errors of that type are unlikely 
to be affected by the sex of the child. 

Unlike anthropometric measures, reported morbidity 
is a subjective indicator, open to differential reporting 
of sickness according to the sex of the child, and 
correlated potentially with mothers' education. It is 
possible that lower morbidity rates among girls result 
from mothers being less likely to report girls as sick 
than boys, given equivalent symptoms (Hill and 
Upchurch, 1994). It is difficult to identify such biases, 
especially since OHS data do not allow the distinction 
between incidence and duration of diarrhoea. It must 
be acknowledged that the analysis on treatment is 
vulnerable to sex-selective maternal reporting of 
.morbidity. To the extent that minor episodes are more 
likely to be reported for boys than girls, or vice versa, 
interpretation of treatment is complicated because 
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perceived severity is bound to be one determinant of 
treatment. 

Difficulties in interpreting specific reference periods 
can also lead to recall bias, and an under or over
reporting of diarrhoeal episodes. That also applies to 
questions on treatment; even though a two-week 
reference period is generally thought to give the best 
balance between the quality of information (best for 
current or very recent illness) and the representative
ness of treatment information (good for recent, not 
current, episodes), reporting of diarrhoea prevalence 
may obscure the results on treatment practices 
(Boerma and Van Ginneken, 1993). Recall errors 
(underreporting and misinterpretation ofrecall period) 
are found to vary by educational characteristics in 
several countries: Bolivia, the Dominican Republic, 
Guatemala, Kenya, Sudan, Togo and Zimbabwe . 
Overreporting of current/recent diarrhoea (last 24 
hours) among the less educated may reflect the diffi
culty of interpreting specific time periods, or may be 
genuine in that chronic diarrhoea might be more 
common among children of illiterate mothers. It is 
difficult to assess the extent of those data quality 
biases, which suggests that c'omparison of several 
different health indicators is the wisest way in which 
to assess whether differential reporting, by sex or 
education, is occurring. 

4. Maternal education categories 

The educational composition of samples in OHS-I 
enquiries varies hugely. In some countries, such as 
Mali, Morocco and Senegal, nearly 90 per cent of 
children born in the preceding 10 years had mothers 
with no exposure to formal schooling. In other coun
tries, the corresponding figure is about 10 per cent 
(e.g., Colombia, Dominican Republic, Ecuador, Sri 
Lanka, Trinidad and Tobago, and Thailand). Those 
disparities give rise to two types of problem. First, it 
is clear that the social meaning of the educational 
attainment of an individual mother varies greatly 
across countries. Thus, lack of any schooling in some 
settings denotes no more than an identity with the vast 
majority of women. In other settings, lack of any 
education implies a position of severe disadvantage, 
even marginalization, compared to other women. It is 
also likely to be associated with relative poverty, a 
rural upbringing and an older age. Compounding that 



problem are cross-country variations in the educational 
system. Typically, primary school spans five or six 
grades, but in some countries it extends to eight or 
nine years. In a few countries, there is an additional 
tier (intermediate or middle school) lying between the 
primary and secondary levels. 

In a large comparative analysis, there is no obvious 
way of evading difficulties of interpretation that stem 
from the diversity of national circumstances. Those 
difficulties are particularly severe when the focus of 
analytic attention is on cross-national differences. In 
the present study, however, the main interest lies in 
intracountry differences in the health and survival of 
boys and girls, within educational strata, and thus 
problems of interpretation are greatly reduced. 

The other problem caused by the uneven educational 
composition of DHS-1 countries is of a more practical 
nature. In many surveys, the sex-specific numerators 
and denominators are very small at the upper end of 
the educational continuum. In a small number of 
countries, the same problem occurs at the lower end. 
Those distributional variations, coupled with the 
relatively small size ofDHS samples, severely curtail 
the scope of the analysis. Ideally, a detailed examina
tion of mortality and health-related sex ratios using 
rather fine educational categories is required to assess 
whether or not the mediating effect (if any) of maternal 
education on those ratios is linear or whether there is 
a threshold. However, consideration of the standard 
errors of estimates precluded such an option. Instead, 
a rather coarse classification of education into none, 
primary and secondary or high groups is used. In 
most analyses, that three-way split has to be further 
collapsed into a simple dichotomy: "none" versus 
"some" schooling. Furthermore, estimates based on 
very small denominations have been omitted. For 
instance, in the mortality analysis estimates based on 
groups where less than 250 unweighed births enter 
the-life table have been omitted. 

C. FINDINGS 

1. Nutritional status 

Anthropometric measures were taken in only 18 of 
the 27 DHS-1 surveys. In all but two of those surveys, 
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data are available for children aged between 3 and 36 
months. The two discrepant cases are the Dominican 
Republic and Senegal, where a lower boundary of six 
rather than three months was used. Table 55 shows 
the number of children available for the analysis. It is 
immediately clear that the numbers of boys and girls 
born to mothers in the secondary or higher schooling 
groups are too small to yield stable estimates in a 
number of surveys. Accordingly, primary and second
ary school groups have been collapsed. 

It will be recalled that the selected indicator of 
nutritional status was height-for-age. Children with a 
height-for-age Z-score below two standard deviations 
from the median of the International Reference Popu
lation were defined as stunted. As may be seen in the 
right hand panel of table 56, the percentage of children 
who were classified as stunted varies within a rather 
narrow range of 20-30 per cent for most countries. 
Levels are higher in Bolivia, Burundi Guatemala and 
Uganda, but markedly lower in Trinidad and Tobago. 
As expected, the educational status of the mother is 
strongly related to the probability of stunting in her 
children (figure 44). With only one exception, the 
proportion stunted declines monotonically, as educa
tional status improves. The strength of the relation
ship, however, varies between countries. In some 
countries, such as Burundi, Ghana and Uganda, the 
transition from no schooling to primary schooling is 
associated with a marginal improvement only, but in 
other countries, there is a pronounced differential 
between those two categories. In nearly all cases, 
secondary or higher schooling brings about a further 
substantial improvement; the only clear exceptions 
here are Mali and Senegal. 

Across all 18 countries, boys are slightly more likely 
to be stunted than girls. The overall sex ratio of 
stunting has a median value of 1.04 and a mean of 
1.07. That slight female advantage is apparent in 
Central and South America, and sub-Saharan Africa 
but disappears in the five countries of Northern Africa 
and Asia. However, in only two of the 18 surveys is 
the sex differential in stunting statistically significant 
at the 5 per cent level. In the Dominican Republic, 24 
per cent of boys aged 6-35 months are stunted, com
pared to 16.9 per cent of girls, giving a very high sex 
ratio of 1.40. In Uganda, the difference is in the same 

direction but the ratio (1.12) is modest by comparison. 



TABLE 56. PERCENTAGE OF CHILDREN AGED 3-35 MONTHS WHO ARE STUNTED, BY SEX AND BY EDUCATION OF MOTIIER 

No education PrimarJI. and above Total 

Region and country Males Females Ratio Males Females Ratio Males Females Ratio 

Eastern and Southern Africa 
Burundi ................ 48.6 48.5 1.00 43.8 43.3 1.01 47.6 47.5 1.00 

Uganda ................. 48.9* 42.4* 1.15 43.6 39.6 l.10 45.7* 40.8* l.12 

Zimbabwe ............... 36.0 38.5 0.94 29.5 26.4 1.12 30.7 28.4 1.08 

Median ................. 48.6 42.4 1.00 43.6 39.6 l.10 45.7 47.5 1.08 

Mean ................... 44.5 43.l 1.03 39.0 36.4 1.08 41.3 38.9 L07 

Northern Africa 
Egypt .................. 35.4 33.6 L05 24.9 27.6 0.90 30.0 30.3 0.99 

Morocco ................ 28.3 28.6 0.99 16.3 13.l 1.24 26.4 26.2 LOI 

Tunisia ................. 20.5 23.6 0.87 13.1 13.1 LOO 17.0 18.8 0.90 

Median ................. 28.3 2.6 0.99 16.3 13.1 LOO 26.4 26.2 0.99 

Mean ................... 28.1 28.6 0.97 18.1 17.9 1.05 24.5 25.1 0.97 

Western Africa 
Ghana .................. 33.8 30.8 l.10 27.3 28.8 0.95 30.0 29.6 LOI 

Mali ................... 24.4 25.3 0.96 20.8 19.8 L05 23.6 24.3 0.97 

Senegal• ................ 28.5 22.6 1.26 I L8 12.5 0.94 26.0 20.7 L26 

Togo ................... 34.4 31.9 L08 32.l* 23.l * l.39 33.5 28.3 1.18 

Median ................. 3L2 28.1 L09 24.1 21.S LOO 28.0 26.3 l.10 

Mean ................... 30.3 27.7 l.10 22.8 21.l L08 28.3 25.7 l.l I 

Southern and South-eastern 
Asia 
Sri Lanka ............... 43.8 58.0 0.76 24.1 26.2 0.92 26.0 26.0 0.91 
Thailand ................ 30.9 29.0 L07 2L6 21.5 LOO 22.3 22.3 LOI 
Median ................. 37.4 43.5 0.91 22.9 23.8 0.96 24.2 48.3 0.96 
Mean ................... 37.4 43.5 0.91 22.9 23.8 0.96 24.2 48.3 0.96 

Latin America and the Caribbean 
Bolivia ................. 47.2 42.5 l.l l 36.8 33.8 L09 39.2 35.7 1.10 
Brazil .................. 41.9 43.8 0.96 28.8 22.0 l.31 31.3 26.4 1.19 
Colombia ............... 34.l 35.6 0.96 24.4 22.9 L07 25.8 24.8 l.04 
Dominican Republic" ...... 40.9 27.2 I.SO 23.1 * 16.2* L43 24.0* 16.9* L42 

Guatemala .............. 65.7 64.5 L02 48.1 44.6 L08 56.6 54.4 L04 
Trinidad and Tobago ...... 5.0 4.4 l.14 4.9 4.6 l.07 
Median ................. 41.9 . 35.6 L02 26.6 19.1 l.l l 28.6 25.6 L09 
Mean ................... 45.9 42.7 Lll 27.7 24.0 l.18 30.3 27.1 l.14 

Overall median ............ 34.9 33.5 L02 24.7 23.0 l.07 28.2 27.4 L04 

Overall mean ............. 37.8 36.8 L05 26.4 24.4 l.10 34.3 28.1 L07 

Source: Demographic and Health Survey data tapes. 
NOTES: Children are classified as stunted if their height-for-age z-score is below -2 SD from the median of the International Reference Population 

(WHO/CDC/NCHS); as asterisk ( • ) indicates that The differential between male and female proportions stunted is significant at S per cent level, using chi-square 
test. 

•6-35 months. 

190 



Figure 44. Proportions of children aged 3-35 months who are stunted, by education of mother 

Proportions of children stunted by education (percentage) 
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Source: Demographic and Health Survey data tapes. 

Levels of stunting are reassessed in the left and 
middle panels of table 56 for children of mothers with 
no schooling and with some schooling. An overview 
of results for all 18 surveys is provided in figure 45 in 
the form of box plots. It is evident that the slight 
female advantage observed for the whole sample is 
more pronounced among children with educated than 
uneducated mothers. For the educated group, the 
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median sex ratio of stunting is 1.07 and the mean 1.10. 
The corresponding values for the no schooling group 
are closer to unity: 1.02 and 1.05, respectively. 

That aggregate pattern of change masks an erratic 
picture at the country-specific or regional level. 
Within each region, there are instances where the 
stunting sex ratio is higher among the educated than 



Figure 45. Sex differentials in proportion of children aged 3-35 months 
who are stunted, by education of mother, for all countries in sample 

according to different reporting methods 
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Source: Table 56. 

the uneducated and instances where it is lower. Togo 
and Senegal illustrate that point. In Togo, the percent
age of boys classified as stunted declines from 34.4 in 
the uneducated group to 32.1 for the educated - a 
modest improvement. For girls, however, there is a 
more pronounced decline in the prevalence of stunting 
from 31.9 to 23.1 per cent. Among the educated group 
the sex differential is high (1.39) and statistically 
significant. In neighbouring Senegal, in contrast, boys 
appear to benefit more from the presence of an edu
cated mother. The sex ratio is .94 for the educated 
compared to 1.26 for the uneducated. Both because of 
the inconsistency in the differences between children 
of uneducated versus educated mothers and because 
very few of the stunting sex ratios shown in table 56 
are statistically significant, there are no convincing 
grounds for concluding that maternal education 
mediates the relationship between the nutritional status 
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of boys and girls. That status is certainly better when 
the mother has received some schooling, but boys and 
girls benefit equally from that advantage. 

2. Treatment of diarrhoea/ morbidity 

In 24 DHS- phase l surveys, mothers were asked 
about the incidence of diarrhoea in the past two weeks 
for each child under the age of five years. Slight 
deviations from that standard procedure are noted at 
the foot of table 57. The percentages of children for 
whom any episode of diarrhoea was reported (i.e., the 
two-week period prevalence) are shown in table 57. 
There is a wide range in reported morbidity, from 10 
per cent or less in Botswana, Sri Lanka, and Trinidad 
and Tobago to nearly 40 per cent in El Salvador and 
several of the Western African surveys. In all but one 
country (Colombia), mothers are more likely to report 



TABLE 57. REPORTED PREVALENCE OF DIARRHOEA IN 1HE TWO WEEKS PRIOR TO INTERVIEW 
AMONG CHILDREN UNDER 5 YEARS OF AGE, BY SEX OF 1HE CHILD 

Females 

Region and counlry 

Males 
~rcentage) ~rr:entage) M:Fwcratio 

Eastern and Southern Africa 
Botswana ........................ . 
Burundi ......................... . 
Kenya ........................... . 
Sudan ........................... . 
Uganda .......................... . 
Zimbabwe ........................ . 
Median .......................... . 
Mean ........................... . 

10.0 9.8 l.02 

17.S 17.0 l.03 

12.8 12.8 l.00 

30.6 29.2 LOS 

25.3 23.1 1.10 

20.S 19.l l.07 

19.0 36.l l.04 

19.S 18.S I.OS 

Northern Africa 
Egypt" ........................... . 
Morocco ......................... . 
Tunisia .......................... . 
Median .......................... . 
Mean ........................... . 

16.7* lS.l. u 1 • 

30.l 27.7 l.09 

22.0• 19.2* us• 
22.0 19.2 l.ll 

23.9 20.7 1.12 

Western Africa 
Ghana ........................... . 
Liberiab .......................... . 
Mali ............................ . 
Senegal .......................... . 
Togo ............................ . 
Median.: ........................ . 
Mean ........................... . 

27.1 25.9 I.OS 

39.l 38.3 1.11 

36.3 33.3 l.09 

39.2 36.8 l.07 

29.9 29.2 l.02 

36.3 33.3 l.07 

34.3 32.7 l.07 

Southern and South-eastern Asia 
Indonesia ........................ . 
Sri Lanka ........................ . 
Thailand ......................... . 
Median .......................... . 
Mean .................... ·'······ 

6.6 s.s l.20 

17.2* 14.l* l.22* 

11.9 9.8 l.21 

ll.9 9.8 l.21 

Latin America and the Caribbean 
Bolivia" ......................... . 
Brazil .......................... . 
Colombia ....................... . 
Dominican Republic .............. . 

28.6 27.S l.04d 

17.2 16.6 l.04 

18.4 19.0 0.97 

2S.7 24.7 l.04 

Ecuador" ........................ . 
El Salvador ...................... . 
Guatemala ...................... . 
Mexico ......................... . 
Perur ........................... . 
Trinidad and Tobago .............. . 
Median ......................... . 
Mean .......................... . 

37.9* 34.S* 1.10* 

17.9* lS.3* 1.17* 

23.9 21.S l.l l 

33.5 30.6 1.09 

6.S 5.7 l.14 

23.9 21.50 1.09 

23.3 21.71 1.08 

Overall median .................... . 23.9 21.S l.07 

23.6 22.l l.08 
Overall mean ..................... . 

Source: Demographic and Health Survey data tapes. 
Nern;: An asterisk (") indicates that the differential between male and female dianboea prevalence is significant at S per cent level using the chi-square 

test. 
'Reference period is 1 week. 
"Reference period is 4 weeks. 
'Survey asked "when was the last episode?" rather than the standard reference period. 
'Male and female prevalences are the reverse of figures in DHS country report. 
•survey asked mothers about their last births only, rather than all surviving children under the age of five years. 

'lleference period is IS days. 
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diarrhoea among sons than among daughters. The sex Table 58 shows the denominators for the analysis of 
differential, however, is only significant for three treatment of diarrhoea. When disaggregated by sex of 
surveys (El Salvador, Thailand and Tunisia). Further- child and educational status of the mother, the num-
more, it is difficult to attach a firm interpretation to hers of children for whom diarrhoea was reported 
those differences because they may arise not from any become too small to sustain the deployment of three 
bio-medical divergence between boys and girls but educational strata. Accordingly, the primary school 
from a greater sensitivity of mothers to minor illnesses group was combined with secondary and higher group 
of their sons than of their daughters. for the main analysis of that topic. 

TABLE 58. NUMBER OF CHILDREN UNDER 5 YEARS OF AGE, WHO ARE AT RISK OF 
DIARRHOEAL MORBIDITY, BY MATERNAL EDUCATION 

No education Primary education Secondary and higher 
education 

Region and country Males Females Males Females Males Females 

Eastern and Southern Africa 
Botswana ..................... 428 484 745 797 288 254 
Burundi ...................... 1 432 1394 318 264 35 38 
Kenya ........................ 791 936 1808 1 788 611 580 
Sudan ........................ 1702 l 729 893 827 441 385 
Uganda ....................... 857 947 l 103 l 093 176 184 
Zimbabwe ..................... 283 280 992 979 297 299 

Northern Africa 
Egypt ........................ 2133 2000 1278 l 221 507 498 
Morocco ...................... 2 339 2362 256 254 168 142 
Tunisia ....................... l 146 l 184 766 718 189 189 

Western Africa 
Ghana ........................ 839 780 904 951 79 82 
Liberia ....................... 1469 1424 426 399 298 304 
Mali ......................... 1227 l 191 194 202 15 12 
Senegal ....................... 1496 l 508 223 224 105 81 
Togo ......................... 931 916 349 350 122 109 

Southern and South-eastern Asia 
Sri Lanka ..................... 198 180 590 552 753 689 
Thailand ...................... 172 159 l 401 l 318 149 152 

Latin America and the Caribbean 
Bolivia ....................... 664 580 l 353 l 282 511 592 
Brazil ........................ 218 196 l 128 l 112 226 181 
Colombia ..................... 195 166 717 752 401 258 
Dominican Republic ............. 133 136 1366 1379 379 426 
El Salvador .................... 431 414 l 012 l 044 130 145 
Guatemala .................... l 057 l 067 888 914 134 132 
Mexico ....................... 376 405 1596 1566 628 574 
Peru ......................... 248 227 661 628 443 438 
Trinidad and Tobago ............ 7 5 452 493 437 428 

Source: Demographic and Health Survey data tapes. 
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The majority of sick children received some form 
of treatment. Figure 46 give the relevant results for 
both sexes combined within educational strata. In 
most surveys, the influence of maternal education is 
not pronounced. The obvious exceptions include 

Morocco and Tunisia, where sick children of unedu
cated mothers are much less likely to receive any 
treatment than other children, and Burundi, where it is 
the secondary school category that stands out from the 
primary and no schooling groups. Larger variations, 

Figure 46. Percentage of children under 5 years of age with diarrhoea in the last 
two weeks, who received any treatment, by education of mother 
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both between countries and between educational 
strata, are apparent when attention is restricted to 
treatment at a modem health facility (figure 47). 
Monotonic increases with education in the probability 
of taking a sick child to a health facility are observed 
in Bolivia, Colombia, El Salvador, Peru, Mali, Sudan, 

Tunisia and Uganda. In the remaining countries, 
differences are typically small and irregular. 

Sex ratios in the three treatment variables are dis
played in table 59. The overall impression is of little 
or no differentiation in the treatment of boys and girls. 

Figure 47. Percentage of children under 5 years of age with diarrhoea in the last 
two weeks, who were taken to a modern health facility for 

treatment, by education of mother 

Proportion using modern facilities (percentage) 
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Countries 

O No education II Primary • Secondary 

BO-Bolivia 
BR- Brazil 
CO - Colombia 
DR - Dominican Republic 
ES - El Salvador 
GU - Guatemala 

PE- Peru 
TT - Trinidad and Tobago 

BT - Botswana 
BU- Burundi 
GH-Ghana 
KE- Kenya 
ML-Mali 
SO-Sudan 
TG-Togo 
UG-Uganda 

Source: Demographic and Health Survey data tapes. 
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TABLE 59. SEX DIFFERENTIALS IN THE PROPORTION OF CHILDREN UNDER 5 YEARS OF AGE WI1H DIARRHOEA IN THE LAST TWO 
WEEKS, WHO WERE GIVEN ANY TREATMENT, TAKEN TO A MODERN HEAL 111 FACILITY, AND wERE GIVEN ORS 

Region and country 

Eastern and Southern Africa 
Botswana ....................... . 
Burundi ........................ . 
Kenya .......................... . 
Sudan .......................... . 
Uganda ......................... . 
Zimbabwe• ...................... . 
Median ........................ .. 
Mean ........................... . 

Northern Africa 
Egypt ......................... .. 
Morocco ........................ . 
Tunisia ........................ .. 
Median ........................ .. 
Mean ........................... . 

Western Africa 
·Ghana .......................... . 
Liberia ......................... . 
Mali .......................... .. 
Senegal ......................... . 
Togo ........................... . 
Median ........................ .. 
Mean ........................... · 

Southern and South-eastern Asia 
Indonesia ....................... . 
Sri Lanka ....................... . 
Thailand ........................ . 
Median ........................ .. 
Mean ........................ · .. . 

Latin America and the Caribbean 
Bolivia ......................... . 
Brazil .......................... . 
Colombia ....................... . 
Dominican Republic ............... . 
Ecuador ........................ . 
El Salvador ...................... . 
Guatemala ...................... . 
Mexico ......................... . 
Peru .......................... .. 
Trinidad and Tobago .............. . 
Median ........................ .. 
Mean ........................ · .. . 

Overall median .................... . 

Overall mean ..................... . 

Source: Demographic and Health Survey data tapes. 

Any treatment 
M:Fratio 

1.00 
0.93 
1.02 
1.00 
1.01 

1.00 
0.99 

1.07 
0.99 
1.03 
1.03 

0.99 
0.99 
1.80 
u 1 • 
1.03 
1.03 
1.18 

1.03 
1.02 
1.03 
1.03 

1.01 
0.97 
1.00 
0.94 

0.99 
0.96 
1.02 
1.01 
0.91 
0.97 
0.98 

1.00 

1.03 

Modem health facility use Given ORS 
M:Fratio M:Fratio 

0.94 1.02 
0.99 0.91 
1.03 0.66• 
1.00 0.99 
1.02 0.91 
1.01 0.91 
1.00 0.91 
1.00 0.90 

1.06 1.19• 
1.16 1.01 
1.24• 
1.16 1.10 
1.15 1.10 

0.90 1.06 
0.93 

1.39 1.53 
1.25 

0.90 0.97 
0.90 1.06 
1.06 1.15 

1.08 0.99 
1.07 0.89 
1.08 0.94 
1.08 0.94 

1.06 0.85 
1.76 0.91 
0.97 1.16 
0.81• 0.91 

1.03 0.97 
0.96 1.27 

1.05 
1.17 1.29 
0.74 1.13 
1.00 1.05 
1.06 1.06 

1.03 0.99 

1.06 1.00 

NOTE: An asterisk(*) indicates that the differential between male and female diarrhoea prevalence is significant at S per cent level using the chi
square test. 

'Survey questions did not include ORS use since national policy restricts ORS packet availability, but home sugar-salt solution use is presented here. 

197 



For all surveys, the mean sex ratios are 1.00, 1.03 and 
0.99 for any treatment, modern health facility use and 
ORS treatment, respectively. Thus, for that large 
number of developing countries, it is fair to conclude 
that daughters fare as well as sons in terms of the 
treatment of diarrhoeal episodes. That broad conclu
sion remains valid at the regional level, with the 
possible exception of the three Arab States, where 
there is a suggestion of a pro-male bias in the resort to 
modern health facilities. In Egypt, there is a statisti
cally significant difference in provision of ORS, and in 
Tunisia a significant difference in resort to a modern 
health facility. Only three other sex ratios attain 
statistical significance at the 5 per cent level; in the 
Dominican Republic and Kenya, a female advantage 
is apparent, while the reverse is true in Senegal. 

Male-female disparities in treatment between educa
tional strata are summarized in figure 48. In terms of 
treatment of any type, there is clearly no systematic 
difference between the children of mothers with no 
exposure to schooling and those with some exposure. 
In both groups, deviations from a sex ratio of unity 
tend to be small and symmetrical. For ORS use, 
dispersion is greater, but again the overall impression 
of symmetry is maintained for both educational 
categories. Thus, for two of the three dimensions of 
curative care there is no evidence of any general effect 
of maternal education on sex ratios in that group of 
countries. For the third treatment variable, however, 
the box plots suggests that education may mediate the 
reaction to diarrhoeal episodes among sons, compared 
to daughters. Among the uneducated category, there 
is a clear tilt towards male advantage in resort to a 
modern health facility; among the educated category, 
the impression of male advantage disappears to be 
replaced by a balance in the distribution of the treat
ment sex ratios. 

Table 60 provides the detailed results. The compari
son by mothers' eduction in use of a modern health 
facility can be made for 20 surveys. Of the 40 treat
ment sex ratios, only three are statistically significant 
at the five per cent level; in view of the large number 
of tests, little importance can be attached to those three 
cases. In terms of the general pattern, sex ratios are 
higher among the educated than the uneducated 
category in 10 countries, lower in nine and remain the 
same in one country. Clearly, there is no universal 
shift towards female advantage among educated 
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mothers. However, a different and intriguing picture 
emerges when attention is focused only on countries 
where sex ratios deviate from unity by more than 20 
per cent. Among the uneducated stratum, there are 
seven such instances, all in the direction of male 
advantage. There is no obvious regional patterning. 
Three countries are from the Americas (Bolivia, 
Colombia, and El Salvador), two from Asia (Sri Lanka 
and Thailand) and two from Africa (Botswana and 
Tunisia). In six of those seven countries, that apparent 
male advantage disappears for children of educated 
mothers. The exception is Tunisia, where the treat
ment sex ratio drops only fractionally from 1.27 to 
1.21. 

There is a danger here of drawing inferences from a 
pattern that may have arisen by chance. Very few of 
those large sex ratios are statistically significant, nor 
can it be claimed that preferential treatment of sons 
by uneducated mothers is common among those 20 
countries. Nevertheless, the results suggest that where 
such a pro-son bias does exist among the uneducated, 
it is likely to disappear among families where the 
mother has received some schooling. 

3. Probability of death between the ages 
of 6 and 60 months 

Thus far in the analysis, there has been only the 
faintest evidence that maternal education mediates sex 
differentials in health and health care. In the present 
subsection, the key outcome variable - the risk of death 
between 6 and 60 months - is examined. Unlike the 
analysis of stunting or response to diarrhoeal episodes, 
the relevant data are available for all 27 OHS-I enqui
ries, and because the reference period for the mortality 
analysis is a wide span of 10 years, the number of 
observations is greater than hitherto. 

Figure 49 confirms that maternal education is 
strongly associated with child survival in that group of 
countries, as elsewhere. Monotonic declines in 54q6 

across the three educational categories are evident with 
only two exceptions (Liberia and Uganda), where the 
children of mothers with primary schooling register the 
highest mortality. In an additional two instances 
(Bolivia and Sudan), the difference between no 
schooling and primary schooling categories is small, 
but in all other countries primary schooling is associ
ated with a marked improvement in survival chances 



Figure 48. Sex differentials in any treatment, modern health facility use 
and ORS use for diarrhoea in children under S years of age, by 

education of mother, for all countries in sample 
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TABLE 60. SEX DIFFERENTIALS IN nm PROPORTION OF CHILDREN UNDER 5 YEARS OF AGE wrm DIARRHOEA IN nm LAST TWO 
WEEKS, WHO WERE GIVEN ANY TREATMENT, WHO WERE TAKEN TO A MODERN HEAL TH FACILl1Y, 

AND WHO WERE GIVEN ORS, BY EDUCATION OF MOTIIER 
(M·Fratio) 

Any treatment Modem health facility 
Gwen ORS 11Se 

Region and country None" Some" None" Some" None" Some" 

Eastern and Southern Africa 
Botswana ........................... . 1.11 0.95 1.63* 0.71 1.45 0.87 
Burundi ............................ . 0.95 0.85 0.97 I.OS 0.90 0.92 
Kenya .............................. . uo• 0.99 1.02 1.03 O.S8 0.68* 
Sudan .............................. . 1.02 0.97 0.99 1.01 0.9S 1.03 
Uganda ............................. . 1.09 0.96 0.92 0.97 l.3S 0.69 
Zimbabwe ........................... . 1.00 1.00 1.02 0.89 
Median ............................. . 1.09 0.96 1.00 1.00 0.98 0.88 
Mean ............................. .. I.OS 0.9S 1.09 0.96 1.04 0.8S 

Northern Africa 
Egypt ............................. .. 1.00 1.08 1.04 1.40* 
Morocco ............................ . 1.07 1.08 us• 1.23 0.88 1.52 
Tunisia ............................. . 0.97 1.02 1.27 1.21 
Median ............................. . 1.02 I.OS 1.15 1.21. 0.96 1.46 
Mean ............................. .. 1.02 1.05 1.14 1.17 0.96 1.46 

Western Africa 
Ghana .............................. . 0.93 1.04 0.88 0.92 1.01 1.11 
Liberia ............................ .. 1.01 0.95 0.96 0.93 
Mali .................. · · · · · · · · · ·· · · · 0.99 1.07 l.lS 1.88 1.36 1.83 
Senegal ............................. . 1.09* 1.17 1.05 2.82 
Togo ............................... . 1.04 1.00 0.96 0.76 0.80 1.12 
Median ............................. . 1.01 1.04 0.96 0.92 1.01 1.12 
Mean ............................. .. 1.0l 1.05 1.00 1.19 1.03 1.56 

Southern and South-eastern Asia 
Indonesia .......................... .. 
Sri Lanka .......................... .. l.lS 1.01 1.61 0.99 1.43 0.87 
Thailand ............................ . 0.89 1.04 1.68 1.02 1.28 0.84 
Median ............................. . 1.02 1.02 1.65 1.00 1.36 0.86 
Mean .............................. . 1.02 1.02 1.65 1.00 1.36 0.86 

Latin America and the Caribbean 
Bolivia ............................. . 1.08 0.99 1.41 1.01 0.95 0.82* 
Brazil .............................. . 2.42 0.96 1.43 1.56 0.83 
Colombia ........................... . 1.14 0.97 1.74 0.88 1.88 1.08 
Dominican Republic .................. . 0.96 0.94 0.88 0.81* 1.33 0.91 
Ecuador ........................... .. 
El Salvador .......................... . 1.01 0.98 1.25 0.97 0.78 1.04 
Guatemala ........................... . 0.99 0.94 0.90 1.17 1.27 1.26 
Mexico ............................. . 0.96 1.02 0.38 1.38 
Peru ............................... . 0.95 1.02 1.07 1.17 1.30 1.27 
Trinidad and Tobago .................. .. 0.91 0.73 1.10 
Median ............................. . 1.00 0.97 1.16 0.99 1.28 1.08 
Mean .............................. . 1.19 0.97 1.21 1.02 1.18 1.08 

Overall median ........................ . 1.01 0.99 1.05 1.01 1.04 1.03 

Overall mean ......................... . 1.09 0.99 1.18 1.05 I.II 1.13 

Source: Demographic and Health Survey data tapes. 
NOTE: An asterisk(") indicates that the differential between male and female dianiloea prevalence is significant at S per cent level using the chi-square test. 
•Education of mother. 
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Figure 49. Probability of death between 6 and 60 months, by education of mother 

Levels of 54q6 (per 1,000) by education 
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SD-Sudan 

Source: Demographic and Health Survey data tapes. 

TG-Togo 
UG-Uganda 
Z.W - Zimbabwe 
EG-Egypt 
IN - Indonesia 
MO-Morocco 
SL-Sri Lanka 
TH-Thailand 
TN-Tunisia 

and there is a further drop in mortality among children 
of mothers with secondary or higher schooling. 

Though the beneficial effect of schooling is univer
sal, there still exist very large intercountry differences 
in child mortality within educational strata. For the no 

schooling stratum, the risks of death between 6 and 60 
months ranges from 25 per 1,000 births in Thailand to 
200 per 1,000 births in Mali. For children of mothers 
with primary schooling, the range is slightly narrower, 
from 17 per 1,000 births in Trinidad and Tobago to 
152 in Mali. Those findings emphasise the point that 
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maternal schooling does not determine absolute levels 
of mortality. They also imply that large improvements 
in child survival are possible, even in the absence of 
changes in the educational status of women. 

The preliminary assessment of mortality sex ratios is 
shown in table 61. For those 27 countries, the median 
sex ratio in the probability of dying between 6 and 
60 months is 0.99 and the mean 0.97. Ratios greater 
than 1.10, indicating higher risks of death among boys, 
are found in Bolivia, Botswana, Brazil and Liberia. 
Excess female mortality, as indicated by a sex ratio 
less than 0.9, is apparent in five countries (Egypt, Sri 
Lanka, Togo, Trinidad and Tobago, and Tunisia). 
However, only one of those sex differentials (Egypt) is 
statistically significant. 

When those results are disaggregated into the two 
main educational strata, the impression of near equal
ity in male and female mortality risks is maintained. 
The median sex ratio for the uneducated group is 0.98, 
compared to 0.97 for the educated group. The corre
sponding means are 1.03 and 0.99. In 12 countries, 
the mortality sex ratio increases with improved 
maternal education, but in 13 countries it is lower. 
Figure 50 confirms that for those countries, the mortal
ity of boys relative to girls is not affected by vvhether 
or not the mother has received schooling. 

Does that generalization hold at regional and na
tional levels? In Central and South America, sex ratios 
of mortality are appreciably higher among the unedu
cated than the educated; the median values are 1.15 
and 0.95, respectively (table 62). However, none of 
the 18 estimates that comprise those averages is 
statistically significant, and the direction of change in 
sex ratios is not consistent. The evidence does not 
justify any claim about mediating effects of maternal 
schooling in that region. 

Similarly, in sub-Saharan Africa there is no convinc
ing evidence of a shift in relative risks of male and 
female mortality. The measures of central tendency 
for six countries of Eastern or Southern Africa and for 
five countries of Western Africa are very similar for 
both educational strata; and no single country result 
attains statistical significance. 

The three countries of Northern Africa provide an 
interesting contrast. In Morocco, sex ratios are close 
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to unity (l.04 and 0.96) for the children of both 
uneducated and educated mothers. In Egypt and 
Tunisia, there is evidence of excess female mortality 
among the uneducated stratum; the sex ratios are 0.75 
and 0.86, and both are significant at the five per cent 
level. In Egypt, the low sex ratio remains more or less 
unchanged for the educated stratum, though it is not 
statistically significant. By contrast, in Tunisia the sex 
ratio rises to 1.17 among children of educated mothers, 
though again that result is not statistically significant. 
Thus, it appears possible that maternal education in 
Tunisia may foster a greater equality of care of sons 
and daughters, but not so in Egypt. 

The results for the Asian countries are also of 
interest. The results for Sri Lanka are of little impor
tance because of the small numbers in the uneducated 
stratum. In Thailand, there is a heavy excess female 
mortality among children of uneducated mothers, but 
that disappears in the presence of an educated mother; 
however, neither sex ratio is statistically significant, 
and that result is therefore at most only suggestive. In 
the third country, Indonesia, the overall national sex 
ratio of 0.94 masks a considerable divergence when 
the results are disaggregated by education. A high and 
statistically significant sex ratio of 1.29 is recorded 
among children of uneducated mothers, but a low and 
again statistically significant ratio of 0.83 is found for 
the educated group. Omission of daughters who have 
died by uneducated mothers provides one possible 
explanation for that pattern. It is equally possible that 
sons benefit disproportionately from the skills and 
other advantages that stem from maternal schooling. 

An alternative way of assessing the possible impact 
of maternal schooling on sex differentials in mortality 
is to calculate the per cent change in risk of death 
associated with the transition from no schooling to 
primary and from primary to secondary schooling for 
each sex. The data are shown in table 63. The overall 
impression is that boys and girls benefit equally from 
maternal schooling. The average per cent decline in 
risks of death between 6 and 60 months associated 
with the first transition - from no schooling to primary 
schooling - is 30.2 for males and 29.1 for females. 
The corresponding figures for the primary to second
ary transition is 51.6 and 54.4. There is thus no 
support here for the view that there might be an 
educational threshold beyond which daughters may 
benefit more than sons. Inspection of country -



TABLE 61. PROBABILITY OF DEATH BETWEEN 6 AND 60 
MONTHS PER 1,000 LIVE BIRTHS, BY SEX 

Region and collnlry 

Eastern and Southern Africa 
Botswana ............ . 
Burundi ............ .. 
Kenya .............. .. 
Sudan ............... . 
Uganda .............. . 
Zimbabwe ............ . 
Median ............. .. 
Mean .............. .. 

Northern Africa 
Egypt .............. .. 
Morocco ............ .. 
Tunisia .............. . 
Median .............. . 
Mean .............. .. 

Western Africa 
Ghana ............... . 
Liberia .............. . 
Mali ................ . 
Senegal .............. . 
Togo ................ . 
Median .............. . 
Mean .............. .. 

Southern and South-eastern 
Asia 
Indonesia ........... .. 
Sri Lanka ............ . 
Thailand ............. . 
Median .............. . 
Mean .............. .. 

Latin America and the 
Caribbean 
Bolivia .............. . 
Brazil .............. .. 
Colombia ............ . 
Dominican Republic ... . 
Ecuador ............ .. 
El Salvador ........... . 
Guatemala ........... . 
Mexico ............. .. 
Peru ................ . 
Trinidad and Tobago ... . 
Median .............. . 
Mean .............. .. 

Overall median ......... . 

Overall mean .......... . 

Sa 
Males Females ratio 

25.88 
119.57 
49.80 
78.83 
118.27 
43.65 
64.32 
72.67 

57.64• 
53.81 
26.66 
33.81 
46.04 

96.15 
133.39 
188.20 
150.17 
91.98 
133.39 
131.98 

52.77 
14.40 
13.77 
14.40 
26.98 

86.91 
34.08 
20.95 
35.83 
38.64 
35.90 
68.24 
24.71 
55.02 
5.13 

35.86 
40.54 

52.77 

63.75 

22.94 
122.39 
45.85 
79.46 
112.92 
40.63 
62.66 
70.70 

68.06• 
51.93 
31.62 
51.93 
50.54 

92.91 
120.20 
196.01 
150.78 
105.21 
120.20 
133.02 

56.16 
16.81 
14.09 
16.81 
29.02 

72.70 
29.57 
19.30 
37.70 
37.30 
37.99 
62.93 
25.57 
59.52 
9.66 

37.50 
39.22 

51.93 

63.71 

1.13 
0.98 
1.09 
0.99 
1.05 
1.07 
1.09 
1.11 

o.85• 
1.04 
0.84 
0.91 
0.94 

1.03 
1.11 
0.96 
1.00 
0.87 
1.00 
1.01 

0.94 
0.86 
0.98 
0.90 
0.90 

1.20 
1.15 
1.09 
0.95 
1.04 
0.95 
1.08 
0.97 
0.92 
0.53 
0.96 
1.01 

0.99 

0.97 

Source: Demographic and Health Survey data tapes. 
NO'I'E: An asterisk (•) indicates that the differential between male 

and female mortality (,.q6) ls significant at S per cent level using the 
Cox-Mantel test. 

specific results reveals a number of erratic results, but 
there emerges no clear or interpretable pattern. 

D. CONCLUSIONS 

The aim of the present analysis was to assess whe
ther maternal education brings about a relative shift in 
the health care, health status and survival of sons and 
daughters in developing countries. The raw material 
for the study came from recent nationally representa
tive cross-sectional surveys, drawn mainly from Africa 
and Central and South America and conducted under 
the auspices of the Demographic and Health Surveys 
project. 

In many policy discussions of gender, it is assumed 
that there exists a near-universal tendency for females 
to be disadvantaged compared to males. In the 
domains of education, employment and earnings, there 
is much evidence to support such assertions. 
Numerous studies in South-central Asia suggest that 
the female disadvantage also extends to health care 
and to survival in the childhood years. However, that 
analysis has provided little support for a thesis of 
widespread female disadvantage in health care or 
survival among those particular study populations. In 
general, girls were slightly less likely to be stunted 
than boys, were given similar treatment for recent 
diarrhoeal episodes, and were no more likely to die 
between the ages of 6 and 60 months than boys. The 
three countries of Northern Africa provide the only 
partial exception. In those three countries, the female 
advantage in terms of nutritional status disappears, 
girls are slightly less likely to receive effective 
treatment for diarrhoea, and in two of the three 
countries, their survival chances are lower. 
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That general equality makes it improbable that any 
strong mediating influences of mother's schooling on 
sex differentials in mortality or health would be found. 
Indeed, such was the case. In broad terms, equality 
between sons and daughters persisted both among 
children of uneducated and of educated mothers. 

A few qualifications to those sweeping conclusions 
should be registered. In aggregate terms, the slight 
female advantage in terms of nutritional status is 



further increased among the children from educated 
homes. For curative health care, the evidence sug
gested that in a minority of countries, uneducated 
mothers may provide preferential treatment to sons but 
that that disparity disappears among the educated 
group. However, there was no pronounced regional 
pattern to that finding, and few of the sex differentials 
were statistically significant. The results are of suffi
cient interest to warrant further analysis on other 
countries and fresh data sets but are of themselves by 
no means conclusive. 

As mentioned earlier, evidence of male advantage in 
matters of health, health care and survival was found 

with any level of consistency only for three countries 
of Northern Africa. Disaggregation of results for those 
three surveys by educational status leads to no firm 
conclusion regarding the mediating effects of educa
tion. Thus, the present analysis sheds no light on the 
contrary expectations outlined earlier, namely, that 
maternal education may reduce male advantage in 
health and survival or that it may exacerbate it. 

Those somewhat negative results should be put into 
context. Included in the present analysis were none of 
the countries in which evidence of son preference is 
most pronounced and persistent. Very different results 
might have been obtained in those countries. 

Figure SO. Sex differentials in child mortality risk ( 54q6), 

by education of mother, for all countries in sample 
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TABLE 62. PROBABll..ITY OF DEATII BETWEEN 6 AND 60 MONTIIS PER 1,000 LIVE BIRTIIS, BY SEX AND BY EDUCATION OF MOTIIER 

No education Prima~ and above 

Region and country Males Females Ratio Males Females Ratio 

Eastern and Southern Africa 
Botswana ........................... 35.23 23.02 1.58 20.67 22.81 0.91 

Burundi ............................ 124.52 130.36 0.96 95.69 82.36 1.16 

Kenya .............................. 59.65 51.16 1.17 44.10 42.74 1.03 

Sudan .............................. 90.18 94.55 0.95 56.81 46.64 1.22 

Uganda ............................. 110.35 120.03 0.92 123.26 106.65 1.16 

Zimbabwe ........................... 72.37 54.03 1.34 35.73 36.57 0.98 

Median ............................. 81.28 74.29 1.06 50.46 44.69 1.09 

Mean ............................... 76.18 78.86 1.14 62.71 56.30 1.08 

Northern Africa 
Egypt .............................. 72.32* 84.38* 0.86* 39.45 46.21 0.85 

Morocco ............................. 59.92 57.37 1.04 14.54 15.12 0.96 

Tunisia ............................. 29.89* 40.12* 0.75• 20.78 17.78 1.17 

Median ............................. 59.92 57.37 0.86 20.78 17.78 0.96 

Mean ............................... 54.04 60.62 0.88 24.92 26.37 1.00 

Western Africa 
Ghana .............................. 119.03 106.81 1.11 72.31 77.47 0.93 

Liberia ............................. 135.41 125.24 1.08 128.17 107.85 1.19 

Mali ............................... 195.43 201.67 0.97 132.90 151.07 0.88 

Senegal ............................. 163.54 163.76 1.00 75.96 76.03 1.00 

Togo .......................... ··.·· 97.57 117.4 0.83 77.63 70.39 1.10 

Median ............................. 135.41 125.24 1.00 77.63 77.47 1.00 

Mean ............................... 142.20 142.98 1.00 97.39 96.56 1.02 

Southern and South-eastern Asia 
Indonesia ........................... 78.71• 61.07• 1.29• 44.97• 54.25• 0.83• 

Sri Lanka ........................... 23.07 42.54 0.54 13.33 13.36 1.00 

Thailand ............................ 21.52 29.27 0.74 12.68 13.17 0.96 

Median .............................. 23.07 42.54 0.74 13.33 13.36 0.96 

Mean ............................... 41.10 44.29 0.86 23.66 26.93 0.93 

Central and South America 
Bolivia ............................. 99.11 78.69 1.26 65.47 69.89 0.94 

Brazil .............................. 47.18 58.60 0.81 31.71 24.43 1.30 

Colombia ........................... 36.99 40.61 0.91 16.45 16.95 0.97 

Dominican Republic ................... 72.02 51.25 1.41 32.84 36.81 0.89 

Ecuador ............................ 87.10 60.58 1.44 31.63 33.61 0.94 

El Salvador .......................... 49.82 58.49 0.85 29.72 29.88 0.99 

Guatemala .......................... 86.85 75.33 1.15 46.35 48.50 0.96 

Mexico ............................. 45.10 37.78 1.19 19.30 21.85 0.88 

Peru ............................... 72.02 89.72 0.80 50.45 51.56 0.98 

Trinidad and Tobago .................. 4.95 9.87 0.50 

Median ............................. 72.02 58.60 1.15 31.68 31.75 0.95 

Mean ............................... 66.24 41.47 1.09 32.89 34.34 0.94 

Overall median ........................ 72.35 60.83 0.98 39.45 42.74 0.97 

Overall mean ......................... 80.19 78.99 1.03 49.55 49.03 0.99 

Source: Demographic and Health Survey data tapes. 
NOTE: An asterisk(*) indicates that the differential between male and female mortality (s.qJ is significant at S per cent level,using the Cox-Mantel 

test. 
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TABLE 63. PERCENTAGE CHANGE IN PROBABU..ITY OF DEATII, BY SEX, FOR VARIOUS EDUCATIONAL TRANSmONS 
(Percentage) 

None to [!_rim~ Prilltanl to stcondmy None to some 

Region and counlry 
Males Females Total Males Females Total Males Females Total 

Eastern and Southern Africa 
Botswana ............. -40.02 +7.95 -20.54 - 8.14 -35.49 -22.60 -41.32 - 0.92 -25.26 

Burundi .............. -18.37 -33.99 -26.66 -60.87 -38.00 -50.54 -23.16 -36.82 -30.37 

Kenya ................ -20.96 -14.52 -17.91 -29.80 -10.59 -20.75 -26.07 -16.46 -21.89 

Sudan ................ -35.21 -44.99 - 2.26 -10.61 -36.51 -52.55 -37.00 -50.67 -44.09 

Uganda ............... +16.26 - 2.83 +6.69 -31.33 -67.10 -48.24 +11.7 -11.15 - 0.55 

Zbnbabwe ............. -43.31 -26.30 -36.03 -72.07 -43.74 -58.43 -50.63 -32.31 -42.68 

Median ............... -27.50 -20.66 -19.20 -10.61 -36.51 -49.39 -24.62 -21.73 -27.82 

Mean ········ ........ -23.60 -19.20 -16.12 -30.39 -38.69 -42.19 -27.75 -24.72 -27.47 

Northern Africa 
Egypt ................ -35.30 -29.14 -32.16 -61.89 -81.70 -72.68 -45.45 -45.23 -45.61 

Morocco .............. -70.83 -65.57 -68.57 -44.68 -62.73 -53.75 -75.73 -73.64 -74.87 

Tunisia ............... -20.94 -50.17 -37.92 -44.35 -45.57 -44.81 -30.49 -55.67 -45.17 

Median ............... -35.30 -50.17 -37.92 -44.68 -62.73 -53.75 -45.45 -55.67 -45.61 

Mean ..... ········ ... -42.36 -48.29 -46.22 -50.31 -63.33 -57.08 -50.56 -58.18 -55.22 

Western Africa 
Ghana ................ -37.24 -23.74 -31.38 -26.22 -55.64 -41.48 -39.25 27.47 -34.12 

Liberia ............... +20.76 +2.06 +11.9 - 5.34 -13.89 - 9.42 

Mali ................. -27.38 -19.80 -23.88 -61.99 -63.83 -62.50 -32.00 -25.09 -28.83 

Senegal ............... -41.16 -48.13 -44.79 -53.55 -53.57 -53.71 

Togo ................. -15.21 -27.25 -22.56 -20.43 -40.04 -30.35 

Median ............... -27.38 -23.74 -23.88 -44.11 -59.74 -51.99 -32.00 -27.47 -30.35 

Mean ················ -20.05 -23.37 -22.14 -44.11 -59.74 -51.99 -30.11 -32.01 -31.29 

Southern and South-eastern Asia 
Indonesia -35.07 +3.67 -18.06 -58.38 -74.66 -67.24 -42.87 -11.16 -29.45 

Sri Lanka ............. -25.53 -68.74 -53.00 -36.15 +0.68 -20.48 -42.23 -68.60 -59.10 

Thailand .............. -41.31 -55.01 -49.53 +3.33 -79.20 -44.81 -41.09 -55.01 -49.75 

Median ............... -35.07 -55.01 -49.53 -36.15 -74.66 -44.81 -42.43 -55.01 -49.75 

Mean ... ········ ..... -33.97 -40.03 -40.20 -30.4 -51.06 -44.18 -42.06 -44.92 -46.10 

Latin America and the Caribbean 
Bolivia ............... -18.21 +15.22 - 3.91 -56.93 -66.41 -61.90 -33.94 -11.18 -24.44 

Brazil ................ -22.42 -51.26 -38.33 -82.84 -82.89 -82.96 -32.78 -58.31 -46.29 

Colombia ............. -48.72 -46.76 -28.12 -43.38 -64.75 -58.40 -55.53 -58.26 -46.26 

Dominican Republic .... -50.46 -19.16 -37.16 -39.71 -59.33 -50.53 -54.40 -28.17 -43.48 

Ecuador .............. -54.24 -37.59 -47.53 -65.13 -38.48 -53.22 -63.68 -44.53 -56.01 

El Salvador ............ -32.62 -46.14 -39.44 -80.04 -39.43 -60.42 -40.34 -48.92 -44.68 

Guatemala ···········. -40.44 -27.23 -34.36 -77.31 -85.57 -81.56 -46.63 -35.62 -41.66 

Mexico ............... -45.19 -29.38 -61.35 -88.71 -95.05 -91.64 -57.20 -42.15 -67.15 

Peru ......... ········ - 3.14 -17.30 -10.79 -70.01 -75.61 -72.85 -29.95 -42.53 -36.85 

Trinidad and Tobago .... -81.83 +13.19 -31.52 
Median ............... -40.44 -29.38 -37.14 -73.5 -65.00 -61.30 -46.63 -43.53 -44.68 

Mean ······ .......... -35.05 -28.84 -33.44 -68.59 -59.43 -64.50 -46.05 -36.96 -40.68 

Overall median .......... -35.14 -28.20 -32.16 -56.93 -59.33 -53.22 -40.72 -41.10 -43.72 

Overall mean ··········· -30.24 -29.10 -29.53 -51.59 -51.91 -54.41 -38.82 -37.98 -37.78 

Source: Demographic and Health Survey data tapes. 
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IX. SON PREFERENCE, FAMILY BUILDING PROCESS 
AND cmLD MORTALITY 

Minja Kim Choe•, Ian Diamond**, Fiona Alison Steele••, and Seung Kwon Kim••• 

Parental preference for sons over daughters has been 
observed in countries with strong patrilineal family 
systems, such as those in Eastern Asia, South-Central 
Asia, and Northern Africa (Arnold, 1992; Arnold and 
Kuo, 1984; Arnold and Liu, 1986; Cleland, Verrall 
and Vaessen, 1983; Gadalla, McCarthy, and Campbell, 
1985; Freedman and Coombs, 1974; Nag, 1991; Park, 
1978, 1983; Williamson, 1976). In strong patrilineal 
systems, sons are thought to be valued for their poten
tial roles in the economic and social support of the 
parents and for their role in the succession of the 
family line. Some religious beliefs and some social 
customs, such as dowry systems, are also believed to 
result in son preference (Nag, 1991). Many research 
studies suggest that parents in some societies consider 
their daughters less valuable than sons, and provide 
inferior care in terms of food allocation, prevention 
of disease and accidents, and care of sick children 
(Pebley and Amin, 1991; Chen, Huq and D'Souza, 
1981; Das Gupta, 1987; Koenig and D'Souza, 1986; 
Muhuri and Preston, 1991; Phillips and others, 1987; 
Simmons and others, 1982). Chapter VII above also 
presents evidence of sex differences in preventive and 
curative care. 

There is also a strong likelihood that the fertility 
behaviour and aspirations of couples in countries with 
strong son preference will be influenced by the current 
composition of their family. In particular, it is likely 
that childbearing will continue until there is a certain 
number of sons, and it is also likely that the loss of a 
son will be followed quickly by a new child. Infant 
and child mortality is known to be affected by family 
formation patterns, through birth spacing, birth order 
and the total number of surviving children in the 
family (Das Gupta, 1987; Hobcraft, McDonald and 

•Program on Population, East-West Center, Honolulu. 
••Department of Social Statistics, University of Southampton. 

•••Korea Institute for Health and Social Affairs, Seoul. 
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Rutstein, 1985; Muhuri and Menken, 1993; Muhuri 
and Preston, 1991; Pebley and Stupp, 1986, Palloni 
and Milman, 1986; Retherford and others, 1989). Son 
preference is likely to result in family building behav
iour that is detrimental to the survival of female 
children. For example, girls may experience increased 
mortality because they are more likely than boys to be 
followed by a younger sibling after a short interval. If 
women who have no sons. continue to have children 
until a son is born, the average number of siblings will 
be larger for daughters than for sons (Park and Cho, 
1995) which will result in a more competitive environ
ment for daughters. That competitive environment can 
be especially disadvantageous to girls in families with 
limited resources, particularly in times of economic 
hardship (Choe and Razzaque, 1990; Razz.aque and 
others, 1990). 

The present chapter presents an assessment of 
whether son preference results in excess female child 
mortality indirectly through the family building pro
cess. A review of previous work will be followed by 
in-depth case studies, using recent data from Egypt, 
Bangladesh and the Republic of Korea, three countries 
that are characterized by a high level of son preference 
and excess female child mortality (Arnold, 1987; 
Arnold and Kuo, 1984; Choe, 1987; Park, 1955, 1978 
and 1983; Park and Park, 1981; Makinson, 1986; 
Mankekar, 1987; Williamson, 1976). In Egypt and 
Bangladesh, fertility and mortality are relatively high, 
and economic and health-care conditions are poor. By 
contrast, in the Republic of Korea, fertility and mortal
ity are low and economic and health care conditions 
are favourable. By studying the relationships between 
son preference, the family building process and child 
mortality in three countries in which son preference is 
common but the levels of fertility, mortality, and 
development are different, a better understanding may 
be gained of the mediating role of the family building 
process on differentials in child mortality in the 
context of demographic transition. 



A. THE CONSEQUENCES OF DIFFERENTIAL FERTILITY 
CAUSED BY SON PREFERENCE AND TIIEIR. 

IMPLICATIONS ON ClilLD SURVIVAL 

There is considerable literature on the impact of 
son preference on fertility (e.g., Arnold, 1985, 1987; 
Arnold and Lui, 1986; Cleland, Verrall and Vaessen, 
1983; Nag, 1991). In general, research has focused on 
the links between current family composition and 
desires for further children, the probability of having 
a further child and the use of birth control. 

With regard to the study of sex-specific mortality, 
the most relevant feature of family formation is the 
observed probability of having another child (the 
parity progression ratio). A number of authors have 
shown that the likelihood of having an additional 
child is increased if a woman does not have a son (or 
in some societies has only one son). For example, 
figure 51 shows that in China the presence of a surviv
ing son has a major impact on the probability of 
having an extra child. The key question to be ad
dressed in the present chapter is whether that tendency 
to continue to have children until the desired number 
of sons is achieved can lead to an increase in the risk 
of death among daughters. 

The most obvious consequence of a gender dimen
sion to family formation behaviour is that a daughter 
is much more likely than a son to be followed by a 
younger sibling after a short interval. Studies on the 
determinants of child survival have identified the birth 
of a younger sibling within a short interval as an 
important risk factor for childhood mortality (Curtis, 
Diamond and McDonald, 1993; Hobcraft, McDonald 
and Rutstein, 1985; Pebley and Stupp, 1986; Palloni 
and Milman, 1986; Retherford and others, 1989; 
United Nations, 1994). Therefore, in son preferring 
societies girls may suffer a higher level of childhood 
mortality than boys partly because they are more likely 
to have a younger sibling born within a short interval. 1 

Family formation patterns may also affect sex 
differentials in infant and child mortality through 
sibling size and family composition. The effect of son 
preference on parity progression ratios implies that the 
mean number of siblings will be larger for female than 
for male children (Park and Cho, 1995). That differ
ence means that on average daughters have to compete 
with more siblings for parental attention and resources 
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than sons, which may have an adverse effect on female 
survival. At the family level, any parental discrimina
tion against female children in the allocation of food 
and health care is more likely to be practised among 
those with a large number of children than among 
those with fewer children (Caldwell, Reddy and 
Caldwell, 1988; Chen, Huq and D'Souza, 1981; Das 
Gupta, 1987; Rahman and others, 1982). Discrimina
tion against daughters seems to depend on the sex 
composition of other children in the family. In China, 
India and Bangladesh, for instance, excess female 
mortality is found to be more pronounced for girls who 
have elder sisters, perhaps because second or higher 
order daughters are less valued than first born daugh
ters. (Choe, Hao and Wang, 1995; Das Gupta, 1987; 
Muhuri and Preston, 1991). Lastly, because girls are 
more likely to live in crowded households than boys 
they may be more exposed than boys to risks of death 
from infectious diseases. 

Recently, techniques for identifying the sex of a 
foetus have become widely available. Most countries 
have laws to prevent their use purely for the purpose 
of sex identification (Choe and Han, 1994; Park and 
Cho, 1995; Zeng and others, 1993). However, some 
couples who are desperate to have sons and not to 
have additional daughters may use those techniques to 
identizy and abort female foetuses. There is evidence 
that such practices have resulted in an abnormally high 
sex ratios at birth in China and the Republic of Korea 
(Park and Cho, 1995; Zeng and others, 1993). Be
cause sex-selective abortion is more likely to be used 
at later parities, the sex ratio increases with birth order 
in those countries. The differential sex ratio by birth 
order may inflate female mortality relative to male 
mortality because risks of death tend to be higher for 
first born children than for later born children. Con
versely, sex-selective abortion may act to reduce 
excess female mortality by lowering the numbers of 
unwelcome daughters that are born. 

Eliminating the birth of unwanted daughters, how
ever, is not likely to eradicate excess female mortality. 
Some of the excess female mortality may originate 
from gender-related differences in child rearing 
customs associated with deeply rooted cultural or 
religious beliefs, rather than from conscious discrimi
nation by parents. Sons and daughters who are equally 
desired nevertheless may be treated differently because 
parents have different expectations and concerns based 



Figure 51. The relationship between overall parity progression ratio and the effect of son 
preference measured by the relative risk: six provinces in China, 1977-1987 
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Source: M. K. Choe and others, "Progression to second and third births in China; patterns and covariates in six provinces", 
International Family Planning Perspectives (New York), vol. 18, No. 4 (December 1992), pp. 130-136, table 2 and 3. 

on gender. For example, daughters may be taken to 
doctors less frequently than sons because parents do 
not think it desirable to expose their daughters in that 
way. 

The present brief review reveals that family forma
tion patterns may influence male-female differences in 
childhood mortality in many different and subtle ways. 
The rest of the chapter focuses on two pathways of 
influences: short birth intervals and family composi-

tion. 
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B. CASE STUDIES 

The present section contains an examination of the 
interrelationships between son preference, the family 
building process and child mortality in detail, using 
recent large-scale demographic surveys in Egypt, 
Bangladesh and the Republic of Korea. Table 64 
shows the levels of fertility, child mortality and differ
entials by women's education in those three countries. 
Egypt and Bangladesh are in the early stages of demo
graphic transition, with moderately high levels of 



TABLE 64. LEVELS AND DIFFERENTIALS OF FERTILITY AND CHILD ~ORTALITY IN 
EGYPT, BANGLADESH, AND 11IE REPUBLIC OF KOREA 

Child mortality (.I/ J 
Total f!rtili~ rate (Per 1,0002 

Differential Differential Female 
Level by mother's Level by mother's to male 

Coun~ (Period2 education (Period2 education ratio 

Egypt ............................ 4.69 large 31 large l.2 
(1984-1988) (1984-1988) 

Bangladesh ........................ 4.83 moderate 47 large 1.3 
(1987) (1983 cohort) 

Republic of Korea .................. 1.56 very small 10 no information 1.1 
p987-1990l ~1981-19852 

Sources: Md. Najmul Huq and J. Cleland, Bangladesh Fertility Survey 1989, main report (Dhaka, National Institute of Population Research and 
Training, 1990), table 9 .8, 9.10 and 10.4; Seung-Hyun Han and 1.-S. Kim (1990), "Recent trends of infant death rates and their determinants in the 
Republic of Korea", Korean Journal of Epidemiology (Seoul), vol. 12, No. 1 (June 1990), pp. 57-81 (in Korean), tables Al.1 and Al.2; Sae-kwon Kong, 
A-J. Cho, S.-K. Kim and S-H. Son, Family Formation and Fertility Behaviour in the Republic of Korea: 1991 Fertility and Family Health Survey 
(Seoul, Korea Institute for Health and Social Affairs, 1992; in Korean), table 9-1 and 9-7; Hussein Abdel-Aziz Sayed, M. Osmar, F. El-Zaraty and A. 
A. Way, Egypt Demographic and Health Survey 1988 (Cairo, Egypt National Population Council, and Columbia, Maryland: Institute for Resource 
Development/Macro Systems, Inc., 1989), table 3.2, 8.3 and 8.8; S. N. Mitra, N. N. Ali, S. Islam and T. Saha, Bangladesh Demographic and Health 
Survey. 1993-1994 (Dhaka, Bangladesh and Calverton, Maryland, National Institute of Population Research and Training, Mitra and Associates, and 
Macro International, Inc., 1994), table 7.3. 

fertility and child mortality. In those countries, large 
educational differentials in fertility and mortality are 
also evident. The Republic of Korea is at an advanced 
stage of demographic transition. Levels of current 
fertility are low and vary little between educational 
strata; mortality is also low. It is interesting, however, 
to note that even in the late 1980s excess female 
child mortality was still apparent in the Republic of 
Korea. 

When parents have a strong preference for sons, they 
may modify their family building behaviour according 
to whether or not they already have a son: families 
with surviving sons may be more likely to stop child
bearing than those without sons. When the level of 
child mortality is relatively high, families may want to 
have more than one son. In addition, families may like 
to have at least one daughter although their preference 
is for more sons than daughters. Those hypotheses are 
tested by estimating the effects of the sex of the 
youngest--or index-child and the sex composition of 
older surviving children on the probability of having 
another child, controlling for the survival status of the 
index child. In the discrete-time hazards model used 
in the present chapter, the time since index birth is 
divided into a series of time periods. The variable 
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indicating whether that child has survived varies 
according to whether the child was alive at the begin
ning of any qf those time points. In addition, other 
demographic and socio-economic characteristics of the 
woman are controlled. The question is then asked: 
does the family building process explain some of the 
excess female child mortality? An answer to that 
question is sought by estimating the effects of family 
composition on sex-specific mortality, with and 
without controlling for the effect of the timing of the 
birth of the next child and other demographic and 
socio-economic variables. 

The effects of family composition on parity progres
sion and child mortality are estimated by haz.ard 
models. Gross effects of prior family composition on 
mortality of index children are estimated by a model 
that includes family composition, year of birth of child 
and age of child. Net effects of family composition 
are estimated by the model that includes birth of the 
next child within a short interval, and other demo
graphic and socioeconomic variables. Comparison of 
gross and net effects provides an indication of the 
contribution pf subsequent reproductive behaviour to 
the relative mortality of male and female index chil
dren. 



1. Egypt 

Egypt was identified as the country with strongest 
son preference among 25 countries covered by the first 
phase of the Demographic and Health Surveys, which 
included many countries in Africa and South America, 
but only two Asian countries: Sri Lanka and Thailand 
(Arnold, 1992). In recent years, fertility has declined 
moderately from a total fertility rate (TFR) of 5.3 in 
1979 to 1980 to 4.4 in 1986 to 1988 (Sayed and others, 
1989, table 3.4). The age pattern of fertility is broad, 
with a very high level offertility up to ages 35 to 39. 
Infant and child mortality declined substantially during 
the 1970s and 1980s. Mortality under age 5, which 
was 203 per 1,000 births in 1974-1978, declined to 
102 in 1984-1988 (Sayed and others, 1989, table 8.3). 
Both fertility and child mortality show wide geo
graphic and socio-economic variations. The major 
causes of death for children between ages one and five 
are diarrhoea, respiratory infections and measles 
(Sayed and others, 1989, table 8.9). 

The data come from the 1988 Egypt Demographic 
and Health Survey (Sayed and others, 1989) which 
obtained complete birth histories from a sample of 
8,911 ever-married women aged 15-49. The sample is 
representative of the population of Egypt except for 
the frontier governorates, which comprise only around 
2 per cent of the whole population. 

The analysis of parity progression is limited to 
women who had their third, fourth or fifth birth in the 
1979 to 1983 period, for the following reasons. The 
parity progression ratio to the third birth is nearly one 
in Egypt: more than 88 per cent of women who had 
their second child between 1979 and 1983 went on to 
have their third child within seven years. Thus, there 
is unlikely to be any effect of family composition on 
the probability of having a third birth. At parities six 
and higher, only a very small proportion have no son, 
and thus the scope of the analysis would be restricted. 
Although there is a high incidence of child-bearing 
until about age 40 in Egypt, the analysis would be 
seriously biased if it was extended further back than 
1979 since the data would then be concentrated among 
younger women. 

The results in table 65 show the estimated effects of 
family composition on the probability of having 
additional children in 2 years. The effects are esti
mated by discrete time hazard models, using succes-
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sive twelve month periods after the birth of the index 
child as the unit of analysis. The parity progression 
ratios are high but vary according to the sex of the 
index child, as well as the sex composition of older 
surviving children. 

Women whose index child is a son and who have 
older surviving children of both sexes record the 
lowest probability of having their next child within 
five years. Compared to that group, women whose last 
child is a daughter have a higher probability of another 
child and the probability is highest among women who 
have no surviving sons. Women whose index child is 
a son and whose older surviving children are also all 
sons also have a higher probability of having another 
child within 2 years. The differences in parity progres
sion among women whose it).dex child is a son are not 
statistically significant, however, except for the differ
ence between women with all male children and those 
who have older surviving children of both sexes at 
parity three. The parity progressions from third, fourth 
and fifth births in the early 1980s clearly demonstrate 
strong son preference. To a lesser extent, those results 
also suggest that Egyptian women desire to have at 
least one daughter. Finally, the parity progression ratio 
among women whose index child died is much higher. 
Ifthat child died during infancy, the ratio rises to over 
90 per cent on average (not shown). 

The next step is to estimate the effects of family 
composition on child mortality, with and without 
controlling for the effect of the birth of the next child. 
That estimation is achieved by fitting a discrete time 
hazards model for child mortality between ages two 
and five for children of birth orders three to nine who 
were born between 1979 and 1983. Successive twelve 
month periods from age two are used as the unit of 
analysis. Because the survey collected information on 
age at death of children in months before age two and 
in years after age two an analysis using smaller time 
periods is not possible. The effect of the birth of the 
next child is estimated by the inclusion of a time
dependent dummy variable, indicating whether or not 
the next child has been born before the beginning of 
the cµrrent analysis segment. That focus of attention 
on mortality from age two onwards reflects the fact 
that very few index children would experience the 
birth of another child before the age of 2 years. 

The effects of family composition on mortality are 
shown in table 66 in terms of estimated probabilities of 



TABLE65. PROBABILITIES OF HAVING NEXT BIRTH WITHIN 2 YEARS BY INTI1AL PAR! , SEX OF INDEX CHILD, AND SEX COMPOSITION 
OF OTHER SURVIVING CHILDREN IN EGYPT, FOR INDEX BIRTHS OCC G BETWEEN 1979 AND 1983 

Initial Sex of Sex compositon of other Percentage distribu- Probability of 
earl I]'_ index child surviving_ children tion with earifJ!_ another birth Relative risk' 

3 Male Male and female 18 0.327 1.000 
All female 18 0.338 1.034 
All male 17 0.418 1.278* 

Female At least one male 32 0.412 1.260* 
All female 15 0.480 1.468* 

4 Male Male and female 35 0.179 1.000 
All female 9 0.215 1.201 
All male 11 0.225 1.257 

Female At least one male 36 0.231 1.291"' 
All female 10 0.259 1.447* 

5 Male Male and Female 40 0.179 1.000 
All female 5 0.260 1.453 
All male 5 0.216 1.207 

Female At least one male 43 0.241 1.346* 
All female 6 0.284 1.587* 

Source: Individual records from 1988 Egypt Demographic and Health Survey. 
NOTES: Probabilities are estimated by discrete hazard models controlling for year of last birth, number of surviving children, survival status of last 

child, maternal age, mother's residence, mother's childhood residence, mother's education, mother's religion, father's education and father's occupation; 
see annex table A. l for details. 

An asterisk (*) indicates that the difference between the relative risks or estimated probability is significant at the 5 per cent level. 
'Relative to women whose index child is a son and who have at least one more surviving male child. 

dying between ages 2 and 5. Three sets of estimates 
are shown. The estimates from model 1 show "gross 
effects". In addition to sex of child and sex composi
tion of older siblings, this model includes year of birth 
to control for general trends in mortality, age of child 
to control for the age pattern of mortality and number 
of surviving children. Model 2 includes, in addition to 
the factors included in model 1, a time-dependent 
dummy variable, indicating whether the next child was 
born before the beginning of the current analysis 
segment. The estimates from model 2 show the effect 
of family composition, controlling for the effect of 
differential parity progression. In addition to all the 
factors included in model 2, model 3 includes other 
demographic and socioeconomic covariates of child 
mortality. Results from model 3 can be interpreted as 
the "net effects" of family composition on child 
mortality. 

The estimates from the "gross effects" model show 
that, in general female children experience higher 
mortality than male children: overall, female child 
mortality is 31 per cent higher than male mortality. 
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The magnitude of the sex difference depends on the 
sex composition of older siblings. Female children 
who have older sisters experience much higher mortal
ity than those who have no sisters. Although the 
differences in the estimated mortality are large, statisti
cal tests show that only the difference between male 
with no brothers (lowest mortality) and female with 
both brothers and sisters (highest mortality) is signifi
cant at the 5 per cent level. The lack of statistical 
significance partly reflects the small numbers of deaths 
included in the analysis. 

As shown in table 65, female children-especially 
those with no brothers-are more likely to be followed 
by a younger sibling within 24 months. Therefore, 
even if all children are treated equally girls may suffer 
higher mortality than boys just because they are more 
likely to be followed by a younger sibling after a short 
interval. Results from model 2 show the effect of the 
sex of the index child and the sex composition of older 
siblings on child mortality, controlling for the effect of 
the short following birth interval. The numbers in the 
column "no. next birth in 2 years" are the estimated 



TABLE 66. ESTIMATED RELATIVE RISKS OF PROBABILITIES OF DYING BETWEEN AGES 2 AND 5, BY SEX 
OF Tiffi INDEX CHILD AND SEX COMPOSITION OF OLDER SURVIVING SIBLINGS, 

BIRTHS OF ORDER 3-9 BORN IN BETWEEN 1979 AND 1983, EGYPT 

Model? Model 3b 
(Intermediate) (net effects) 

No next Next birth No next 
Sex of Sex of other Percentage Model 1° birth in in birth Next birth 

index child siblings distribution (gross effects) 2years 2years in2years in 2years 

Male All female 8.8 1.00 1.00 2.15* 1.00 1.82* 

Some male 42.1 2.93 2.93 6.31* 2.57 4.68* 

Female All male 9.6 1.94 1.86 3.99* 1.61 2.93* 

Male and female 30.9 3.89* 3.79* 8.15* 3.19 5.81 * 

All female 8.6 3.23 3.00 6.45* 2.81 5.12* 

Male All 50.9 1.00 1.00 2.15* 1.00 1.82 

Female All 49.1 1.31 1.26 2.71* 1.23 2.23 

Source: Individual records from 1988 Egypt Demographic and Health Survey. 
NOTES: Estimates are based on discrete hazard models. Model 1 includes sex, sex composition of older surviving siblings, year of birth and 

age. Model 2 includes the dummy variable, indicating whether next child was born within 24 months of interval in addition to the variables in 
model 1. Model 3 also includes the following demographic and socio-economic factors: number of surviving children, maternal age, mother's 
residence, mother's childhood residence, mother's education, mother's religion, father's education and father's occupation. 

An asterisk (*) indicates that the difference between the relative risks is significant at the 5 per cent level. 
•Relative to the group "Male with all female siblings". 
bRelative to the group "Male with all female siblings and no next birth in 2 years''. 

relative risks of mortality between ages two and five 
for those children who are not followed by a subse
quent birth in two years. Comparing those numbers 
with those in the model 1 column, it is clear that the 
effects of sex and sex composition are smaller when 
there is no subsequent birth within 2 years, confirming 
the hypothesis that part of the male-female difference 
in child mortality is due to differentials in parity 
progression. The statistical significance of the coeffi
cients, however, did not change. The overall female 
excess mortality is reduced by 5 per cent (from 31 to 
26). That result indicates that in Egypt, girls experi
ence higher mortality than boys partly because they are 
more likely than boys to be followed within 2 years by 
a younger sibling. However, most of the excess 
female mortality is due to other factors. The results 
also suggest that girls who have older sisters experi
ence particularly high risks of death between ages 2 
and 5, perhaps because they are less valued than first
born daughters. 

The "net effects" shown in the last two columns 
indicate that the effects of sex and family composition 
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on child mortality are reduced further when the effects 
of other demographic and socio-economic covariates 
of child mortality are controlled. Statistical tests show 
that even the difference between the lowest and the 
highest mortality group is not significant at the s·per 
cent level. The effect of parity progression is also 
reduced. Nevertheless, the effect of family composi
tion on child mortality is still large, although not 
statistically significant, after controlling for the effect 
of the birth of the next child and other demographic 
and socioeconomic conditions. Thus, the results 
suggest that the survival of girls in Egypt depends in 
part of the sex composition of older siblings; specifi
cally, girls who have older brothers but no sisters 
appear to fare better than girls with sisters. 

Do parents discriminate against daughters in feeding 
and caring in Egypt? The evidence from the Demo
graphic and Health Survey data is weak, at most. The 
nutritional status of children under age five does not 
show any sex differential (Sayed and others, 1989, 
tables 9-12, 9-13 and 9-14 ).' Incidences of diarrhoea 
and respiratory infections are about the same for male 



and female children (Sayed and others, 1989, tables 
9-7 and 9-10). However, there are some differences 
in the treatment of sick children. Among young 
children who suffered from recent diarrhoea or respira
tory infections, male children are slightly more likely 
to have received treatment and the treatment is more 
likely to be from private physicians rather than from 
government clinics (Sayed, 1989, tables 9-8 and 9-10). 
Other studies have found sex differentials in children's 
immunization, feeding status, and in the incidence and 
treatment of disease in Egypt (Makinson, 1987; 
Mankekar, 1987). It is possible that that small amount 
of extra care provided to more valued male children 
results in their lower mortality. In chapter VI above, 
that possibility is examined in greater detail. 

2. Bangladesh 

Bangladesh is one of the most frequently studied 
countries with regard to excess female child mortality, 
owing to its high level of son preference and its 
excellent availability of information, including pro
spective data, with much detailed information on 
fertility, child mortality and child care. Those studies 
have shown that fertility behaviour depends on the sex 
combination of surviving children (Chowdhury and 
Bairagi, 1990; Rahman, Akbar and Phillips, 1990); 
daughters receive less food and health care than sons 
(Basu, 1989; Chen, Huq and D'Souza, 1981); and 
female children experience excess mortality during 
childhood (Koenig and D'Souza, 1986; Muhuri and 
Preston, 1991; Phillips and others, 1987; Razzaque 
and others, 1990). The interplay between son prefer
ence, family building and excess female child mortal
ity, however, has not been examined in detail. In the 
present chapter, those relationships are assessed with 
data from the 1989 Bangladesh Fertility Survey (Huq 
and Cleland, 1990), which collected complete birth 
histories from a nationally representative sample of 
12,096 ever-married women under age SO. 

In recent years, fertility has declined substantially 
from a TFR of 6.8 in 1980 to 4.8 in 1987 (Huq and 
Cleland 1990, table 9.8), and has since continued to 
fall. Compared with Egypt, the fertility level was 
much higher in 1980 but it then declined more rapidly, 
resulting in a level only slightly higher than Egypt in 
1987. The age pattern of fertility is broad, and com
pared with Egypt childbearing starts at an earlier age. 
Fertility differentials by geographic area and mother's 
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education are large (Huq and Cleland, 1990, table 9.9 
and 9.10). Mortality under age 5 declined moderately 
from 202 deaths per 1,000 live births for the 1979 
birth cohort to 183 for the 1983 birth cohort (Huq and 
Cleland, 1990, table 10.4). Child immunization 
coverage has increased but was still low at the time of 
the 1989 survey: 19 per cent for measles and 19 per 
cent for the final dose of DPT. Immunization cover
age varies between region and between urban and 
rural strata (Steele and others, 1996). Data from a 
later survey indicate that the level of child mortality 
also varies greatly by residence and the socio-eco
nomic conditions of the mother (Mitra and others, 
1994, table 7.3). 

Fertility rates and parity progression ratios were 
slightly higher in Bangladesh than in Egypt in the early 
1980s. For example, among women who had their 
second births in the period 1979 to 1983 more than 
92 per cent went on to have a third birth. The effects 
of family composition on parity progression for 
women with initial parities three to five are estimated 
with models similar to those used for Egypt. Table 67 
shows estimated probabilities of having another child 
within 2 years, by the sex of the index child and the 
sex composition of the other surviving children. 
Women of initial parities three to five whose index 
child is a son and who have older surviving children of 
both sexes have the lowest probability of going on to 
have another child within 24 months. Compared with 
that group, women whose index child is a daughter are 
more likely to have another child within 2 years, and 
the probability is higher still for those who have no 
surviving sons. An interesting pattern, not observed in 
Egypt, is that women whose index child is a son and 
whose older surviving children are all daughters record 
a higher probability of having another child compared 
to women who have older surviving sons. One expla
nation is that women who produce a son after having 
a number of daughters tend to have additional children 
in the hope that the next child will also be a son. Any 
such tendency would not be surprising given the high 
level of both son preference and child mortality. 
Women with no surviving daughters have a higher 
probability of parity progression than women with 
surviving children of both sexes at parities three and 
four, a result that implies the desire for at least one 
daughter in Bangladesh. In summary, the family 
building process reflects a preference for two or more 
sons and at least one daughter. 



TABLE67. PROBABILITIES OF HAVING NEXT BIRTH WTI1IlN 2 YEARS BY INITIAL PARITY, SEX OF INDEX CHILD, AND SEX COMPOSITION 
OF OTHER SURVIVING CHILDREN IN BANGLADESH, FOR INDEX BIRTHS OCCURRING BETWEEN 1979 AND 1983 

Initial Sex of Sex compositon of other Percentage distribu- Probability of 

p_arifl index child surviving_ children tion with p_arifl another birth Relative ris/C' 

3 Male Male and female 17 0.101 1.000 
All female 18 0.136 1.347* 
All male 18 0.119 1.178* 

Female At least one male 30 0.140 1.139 
All female 15 0.171 1.693* 

4 Male Male and female 31 0.114 1.000 
All female 10 0.191 1.675* 
All male 10 0.150 1.316* 

Female At least one male 36 0.133 1.167* 
All female 10 0.156 1.368* 

5 Male Male and female 35 0.116 1.000 
All female 5 0.243 2.095* 
All male 8 0.116 1.000 

Female At least one male 44 0.150 1.293 
All female 7 0.198 1.707* 

Source: Individual records from 1989 Bangladesh Fertility Survey. 
NOTES: Probabilities are estimated by discrete hazard models controlling for year of last birth, number of surviving children, survival status of 

last child, maternal age, mother's residence, mother's childhood residence, mother's education, mother's religion, father's education, father's occupation, 
and mother's autonomy; see annex table A.3 for details. 

An asterisk (*) indicates that the difference between the relative risks is significant at the 5 per cent level. 
'Relative to women whose last child is a son and who have at least one more male surviving child. 

Next, the effects of family composition and parity 
progression on child mortality are examined. Employ
ing an analytic strategy similar to the one used for 
Egypt, estimations are made of the relative risks of 
dying between ages 2 and 5 for children of birth order 
three to nine who were born during the period 1979-
1983. The results are shown in table 68. Overall, 
female children experience mortality that is more than 
50 per cent higher than male counterparts, suggesting 
that there is greater excess female child mortality in 
Bangladesh than in Egypt. As in Egypt, male children 
who have no surviving older male siblings experience 
the lowest level of mortality. Compared with that 
group, female children-especially those who have 
older male siblings-experience higher mortality. The 
results from model 2 show that children who are 
followed within two years by the birth of next child 
experience higher childhood mortality, but the differ
entials in child mortality by sex and family composi
tion do not change much when the effects of a short 
following birth interval are controlled. The absence of 
a mediating role of differential parity progression 
probably reflects the fact that birth intervals of less 
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than 24 months are less common in Bangladesh than 
in Egypt (tables 65 and 67). 

It is interesting to note that unlike the mortality of 
female children with male siblings, the level of mortal
ity among female children who have no surviving male 
siblings is not significantly different from the lowest 
levels. In Bangladesh, the level of child mortality 
remains relatively high, and there are large differen
tials by geographic areas and by the socio-economic 
conditions of the families. It is likely that many 
families in Bangladesh have only limited resources, 
that can be used for child care, disease prevention and 
care of sick children. Families may have to make 
decisions about allocating scarce resources and it is 
possible that children who are more valued by parents 
receive better care and treatment than those who are 
valued less. Thus, it is likely that in families with 
children of both sexes male children would receive 
better care and experience lower mortality than daugh
ters, especially if there is only one son. Girls in 
families with some surviving sons may suffer some 
discrimination because most of the limited resources 



TABLE 68. RELATIVE RISKS OF CHil..D MORTALITY, BY SEX AND SEX COMPOSmON OF SURVIVING SIBLINGS AT THE TIME OF 
BIR.lH FOR CHILDREN OF BIR.lH ORDER 3-9 BORN BETWEEN 1979 AND 1983, BANGLADESH 

Model 2" Model 3b 
(Intermediate) (net effects) 

No next Next birth No next 
Sex of Sex of Percentage Model J• birth in in birth Next birth 

index child other siblings distribution (gross effects) 2years 2years in2years in2years 

Male All female ....... 9.1 1.00 1.00 1.66• 1.00 1.52• 

Some male ...... 40.9 1.36 1.37 2.26• 1.33 2.03• 

Female All male ........ 10.3 2.24• 2.24• 3.70• 2.19• 3.34• 

Male and female .. 30.1 2.11• 2.08• 3,45• 2.os• 3.12• 

All female ....... 9.6 1.47 1.44 2.38 1.42 2.16• 

Male All ............ 50.0 1.00 1.00 1.66• 1.00 1.52• 

Female All ............ 50.0 us• 1.53• 2.53• 1.53• 2.34• 

Source: Individual records from 1989 Bangladesh Fertility Survey. 
NOTES: Estimates are based on discrete hazard models. Model l includes sex, sex composition of older surviving siblings, year of birth 

and age. Model 2 includes the dummy variable, indicating whether next child was born within 24 months of interval in addition to the variables 
in model l. Model 3 also includes the following demographic and socio-economic factors: year of last birth, number of surviving children, 
maternal age, mother's residence, mother's childhood residence, mother's education, mother's religion, father's education and father's occupation. 

An asterisk (*) indicates that the difference between the relative risks is significant at the 5 per cent level. 
'Relative to the group "Male with all female siblings". 
hRelative to the group "Male with all female siblings and no next birth in 2 years". 

may be used for care of their brothers. On the other 
hand, if a daughter does not have a brother she does 
not have an advantaged competitor for limited re
sources and her mortality risk is not increased because 
of her sex. 

3. The Republic of Korea 

The third setting selected for analysis is the Republic 
of Korea. Since 1960, that country has experienced a 
rapid fertility decline. The estimated total fertility rate 
fell from 6.0 in 1960 (Coale, Cho and Goldman, 1980, 
table 1 ), to 2.1 in 1983 (Republic of Korea, National 
Bureau of Statistics, 1989), and has been below 
replacement level since 1984. The estimated rate for 
1990 is 1.6 (Kong and others, 1992). At the same 
time, strong son preference has persisted (Arnold, 
1985; Cho, Arnold and Kwon, 1982; Park and Cho, 
1995). Surveys during the 1980s and 1990s document 
that although the preferred ideal family size dropped to 
two children, son preference persisted in a large 
segment of the population. For example, in a national 
survey conducted in 1991 41 per cent of women of 
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childb.earing age gave a positive answer to the ques
tion, "Do you think it is necessary for a married couple 
to have a son (Kong and others, 1992, p. 128)?" 

Concurrent with the fertility decline and accompany
ing socio-economic development, infant and childhood 
mortality also declined rapidly in the Republic of 
Korea. The infant. mortality rate fell by more than 
50 per cent and the child mortality rate declined by 
more than 70 per cent between 1970 and 1995 (Han 
and Kim, 1990). Throughout that period, infant 
mortality was higher for males than for females but 
the mortality sex ratio was much lower than the pattern 
found in other populations or expected from model life 
tables (Choe, 1987; Park and Park, 1981), suggesting 
that girls in the Republic of Korea suffer unusually 
high mortality relative to boys during infancy. Child 
mortality was higher for females than males. Clearly, 
girls in that country experience excess mortality at 
ages 1-4. 

The data for the analysis come from the 1991 Family 
and Health Survey (Kong and others, 1992). The 



survey collected complete pregnancy histories from 
7 ,462 ever married women age 15-49 years, together 
with the survival status of each child and the dates of 
deaths for those who had died. A slightly different 
analytic approach is used for the Republic of Korea 
than for Egypt or Bangladesh. The sample size is 
smaller, and the levels of fertility and mortality are 
much lower in the Republic of Korea than in the other 
two countries, which results in a small number of 
births and deaths to analyse. On the other hand, the 
age of children at death is collected in much more 
detail (number of days), and in the Republic of Korea 
the reporting of dates of events is considered to be 
very accurate (Coale, Cho and Goldman, 1980). 
Fertility is largely concentrated in the age range 20-34; 
since 1985, fertility after age 35 has been negligible 
(Kong and others, 1992, table 9-1 ). For family compo
sition, a simple binary classification is used, indicating 
whether there are any surviving sons or not. With 
such a very low level of fertility, any further classifica
tion would be meaningless. The analysis of parity 
progression is extended to those women who had 

index births in the 10-year period 1975-1984, and to 
the progressions from first to third births. Analysis of 
child mortality is performed for those who were born 
in the 1971-1988 period. Month is used as the unit of 
analysis to take advantage of the accurate reporting of 
dates of events. 

To examine the effects of changes in son preference 
in the context of a society experiencing considerable 
fertility decline, the parity progression ratios are 
analysed for two parity cohorts: 1975-1979 and 1980-
1984. The parity cohorts are defined according to the 
year in which women gave birth to their first, second, 
third and fourth births. Table 69 shows the estimated 
probabilities of having a subsequent birth in the two 
years after the first, second, third, and fourth births by 
parity cohort for women classified by whether or not 
they have a surviving son. · 

Women whose one child was a daughter were more 
likely to have the second child than women whose 
child was a son. Although the differences are not large 

TABLE 69. PROB~ILITIES OF HA YING NEXT BIRIB WITIDN 5 YEARS, BY INITIAL PARITY, YEAR OF INDEX BIRIB AND 
WHETIIER TIIE FAMILY HAS A SURVIVING SON IN REPUBLIC OF KOREA, BIRIBS OF INITIAL PARITY IN 1975-1984 

Initial Year of birth of Presence of a Percentage Probability of Relative 
parity index child surviving son distribution another birth ris/(' 

1975-1979 Yes 54 0.88 1.00 
No 46 0.92 1.05• 

1980-1984 Yes 53 0.76 1.00 
No 47 0.82 1.08* 

2 1975-1979 Yes 75 0.41 1.00 
No 25 0.78 1.90* 

1980-1984 Yes 76 0.12 1.00 
No 24 0.54 4.5o• 

3 1975-1979 Yes 89 0.22 1.00 
No 11 0.73 3.32* 

1980-1984 Yes 84 0.06 1.00 
No 16 0.48 8.oo• 

Source: Individual records from 1991 National Survey of Fertility and Family Health. 
Noms: Probabilities are estimated by hazard models controlling for age at last birth, mother's education, residence, mother's childhood 

residence, and whether mother agrees with the idea that a couple "must have a son"; see annex table A.5 for details. 
An asterisk (•) indicates that the difference between the relative risks is significant at the 5 per cent level. 
'Relative to women who have a surviving son. 
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in magnitude, they are statistically significant. The 
parity progressions from second and third births de
clined much more drastically than the progression from 
the first birth. Clearly, those trends resulted in a rapidly 
declining level of fertility. The probability of having 
additional children among women with a surviving son 
differs from that among women with no surviving sons 
and the difference varies by parity cohort. In general, 
the difference is larger at higher parities than at lower 
parities, but for the more recent cohort the difference at 
lower parities increases as well. Thus, the situation in 
the Republic of Korea presents an interesting combina
tion of a very low level of fertility and a persisting high 
level of son preference. The effect of son preference on 
the family building process actually increased as the 
level of fertility declined. 

The next step is to estimate the effect of sex of the 
index child, short succeeding interval and other co
variates on childhood mortality. Because of the low 
level of mortality, the number of children who died 
before age five is very small and complex hazards 
models cannot be estimated. Instead, a binary logistic 
model is used, with a dependent variable indicating 
whether the child survived to age five or not. Attention 
is focused on children who were born in the period 
1971-1988 and whose birth orders are one through six. 
Table 70 shows that when other effects are not con
trolled, female mortality is 6 per cent less than male 
risks of death. When the effect of following birth 
interval is controlled the difference widens to 11 per 

cent, and when the effects of other demographic and 
socioeconomic factors are controlled female children 
record a mortality risk that is 12 per cent lower than the 
male risk. That last difference is closer to the expected 
difference between male and female child mortality in 
the absence of son preference. According to the United 
Nations estimates based on the death rates of more 
developed countries in the period 1950-1970, the 
median infant mortality was 18-21 per cent lower for 
females and the median death rate at ages 1-4 was 17-
22 per cent lower for females (United Nations, 1982, 
table 11.4). 

If the next sibling is born within two years, there is a 
large and statistically significant increase in a child's 
probability of dying before age 5, the odds ratio being 
2.46. Effects of all other factors are either statistically 
insignificant or small in magnitude. Thus, the data from 
the Republic of Korea demonstrate that girls experience 
higher than expected mortality, largely because they are 
more likely than boys to be followed by a younger 
sibling within 2 years. As overall levels of fertility and 
mortality have declined, socio-economic differentials 
in vital rates have attenuated. However, the relation
ship between family building behaviour and the sex of 
child plays an extremely important role in explaining 
the remaining differentials in child mortality. The 
elimination of son preference, as manifested by the link 
between the birth of a daughter and the rapid birth of 
another child, would therefore result in even further 
reduction in child mortality in the Republic of Korea. 

TABLE 70. ODDS RATIOS OF UNDER-FIVE MORTALITY (BIRTH TO AGE 5), BY SEX, FOR CHILDREN 
OF BIRTH ORDERS 1 TO 5 BORN BETWEEN 1971 AND 1988, REPUBLIC OF KOREA 

Model 3b 
Model J.b (Intermediate) (net effects) 

No next Next birth 
Sex of Percentage dis- Model 1° birth in in No next birth Next birth 

index child tribution (gross effects) 2years 2years in 2years in2years 

Male 51.4 1.00 1.00 2.46° 1.00 2.46° 

Female 48.6 0.94 0.89 2.18° 0.88 2.15° 

Source: Individual records from 1991 National Survey of Fertility and Family Health. 
NOTF.S: Estimates are based on logistic regression models. Model 1 includes sex and year of birth and age; model 

2 includes, in addition to the variables in model 1, the dummy variable indicating whether the next child was born within 
24 months; model 3 also includes the following demographic and socio-economic factors: maternal age, mother's 
residence, mother's education. 

An asterisk (•) indicates that the difference between the relative risks is significant at the 5 per cent level. 
"Relative to the group "Male". 
bRelative to the group "Male and no next birth in 2 years". 
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C. CONCLUSIONS 

The key issue addressed in the present chapter is the 
relationship between family building behaviour and sex 
differences in child mortality. In two of the three 
countries studied, girls experience higher child mortal
ity than boys; while in the Republic of Korea, female 
mortality under age five, although lower than male 
mortality, is higher than expected. In Egypt and Ban
gladesh, where average family size remains large, the 
degree of excess female mortality depends on the sex 
composition of older siblings. In Egypt, only girls who 
have older surviving sisters experience appreciably 
higher mortality; but in Bangladesh, it is girls with older 
brothers who experience particularly high mortality. 
The results also show that overall excess female mortal
ity is higher in Bangladesh than in Egypt. 

The analysis also shows that when son preference is 
present, girls are more likely than boys to experience 
a family building environment with a high mortality 
risk. Girls are more likely to be followed after a short 
interval by a younger sibling. In each of the three 
countries examined, children who have a younger 
sibling born within 24 months experience significantly 
higher risks of mortality. Those findings suggest that 
girls suffer excess child mortality partly because of their 
parent's family building tendencies originating from son 
preference. There is some suggestion that the relative 
contribution of the family building process in explain
ing excess female mortality during childhood depends 
on the level of fertility and mortality. In Egypt and 
Bangladesh, where mortality levels are high, the family 
building process explains only a small proportion of 
excess female child mortality. In Bangladesh, where 
very short birth intervals are relative rare, the mediating 
role of parity progression in explaining excess female 
mortality is even weaker than in Egypt. In the Repub
lic of Korea, however, the family building process 
explains much of the higher than expected level of 
female mortality. In the Republic of Korea, where 
mortality differentials are small and socio-economic 
conditions are good, parents are likely to be able to 
afford high quality child care, including the care of sick 
children, regardless of the sex of the child. But in 
Egypt and Bangladesh, parents have limited resources, 
insufficient to provide quality care to all children; 
accordingly, they may allocate resources favouring 
some children over others. In Bangladesh, girls with 
older brothers appear to be particularly vulnerable, 

while in Egypt the most vulnerable group is girls who 
have an older sister. 

NOTE 

'A short birth interval also increases the ~ortality risks of the child 
born after the interval. However, preceding birth interval length is 
unlikely to affect sex differentials in mortality because in general it cannot 
be influenced by the sex of the child following the interval. 
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X. INTRA-HOUSEHOLD ALLOCATION OF RESOURCES: 
IS THERE A GENDER BIAS? 

Jere R Behrman* 

The present chapter considers evidence from devel
oping countries on sex differentials in the intra-house
hold allocations of goods and services to infants and 
children. That theme is closely related to the consider
ation of socio-economic factors that may underlie the 
sex differentials in causes of death, nutritional status, 
nutrition-morbidity-mortality linkages and health-care 
utilization, which have been considered in earlier 
chapters. Moreover, because of the widely perceived 
importance of maternal education in the intra-house
hold allocation process, some of the concerns of the 
present chapter are relevant to those of chapter VIII 
above. The present chapter is distinguished from those 
chapters, however, by a focus on what happens within 
households. 

A framework for analysing sex differences in intra
household allocations of goods and services that affect 
infant and child mortality is first discussed. Some 
such framework is essential for understanding the 
nature of and the determinants of sex differentials. In 
the framework presented in the present chapter, 
households are assumed to make choices, within the 
constraints that they face, that they perceive to be in 
their own interests. It is accepted that household 
choices may be severely constrained by cultural 
norms, traditions, markets and assets, and that there 
may be considerable uncertainty regarding future 
developments. But the assumption is made that within 
those actual and perceived constraints, households do 
not consciously choose alternatives that they expect to 
make them worse off rather than better off. That 
framework is used to illustrate some of the difficulties 
in interpreting empirical evidence on the present topi.:. 
One important point stemming from the present 
framework is that differences by sex in allocations of 
resources within the household or in outcomes deter
mined within the household may exist for a number of 
reasons, not just because of gender discrimination in 

*William R. Kenan, Jr. Professor of Economics, University of 
Pennsylvania. 
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the sense that there are preferences that favour chil
dren of one sex over the other. Sex differences in 
health or survival do not necessarily mean that there is 
gender discrimination within households. Females 
born in sub-Saharan Africa have higher life expectan
cies at birth than males born in the same region. That 
difference does not necessarily mean that there is 
gender discrimination in favour of females in house
holds (or outside of households) in that region. 
Similarly, the fact that females born in much of 
Northern Africa and South-central Asia have lower 
life expectancies at birth than males born in those 
regions does not necessarily mean that there is gender 
discrimination against females in those regions. It is 
important for understanding behaviour and for policy 
purposes to attempt to understand the varied origins of 
the sex differences that are documented elsewhere in 
the present volume. It is not very useful for that 
understanding simply to equate all sex differences in 
health and survival with gender discrimination. 

The analytical framework is then applied to a review 
of evidence on sex differentials in intra-household 
allocations that are relevant to infant and child mortal
ity and related behaviours. A summary of what is 
known and what is not known regarding links between 
intra-household allocations and sex differentials in 
infant and child mortality is presented in the conclu
sion. Although there have been important gains in 
recent understanding, evidence about those links is 
still limited and possibilities of future advances in 
knowledge are considerable. 

A. FRAMEWORK FOR ANALYSIS OF 
INTRA-HOUSEHOLD ALLOCATIONS AND 

SEX DIFFERENTIALS IN INF ANT AND CHILD 
MORTALITY AND RELATED BEHAVIOURS 

In the absence of experimental evidence, deductions 
about the impact of sex differences in intra-household 



resource allocation on infant and child mortality rates 
have to be made from observing behaviour. Such 
behavioural data can lead to valid conclusions regard
ing associations between sex-specific mortality rates 
and observed variables, including those related to sex
specific intra-household allocations, but they generally 
cannot illuminate the underlying causes of sex differ
entials in infant and child mortality. The problem is 
that the data available for analysis are on outcomes 
(e.g., child mortality and intra-household allocations) 
that are the result of behavioural decisions taken in the 
light of a number of factors that are unobserved by 
researchers and ,Policy makers (hereafter simply 
referred to as "unobserved" factors). Important among 
the unobserved factors are preferences of the key 
decision makers, their innate endowments and bar
gaining power, the genetic endowments of the infants 
and children, and a number of actual and expected 
prices related to the costs and benefits of different 
patterns of intra-household allocations of resources. 
Because many of those factors are not directly ob
served, it is usually difficult to identify their relative 
importance in causing the observed sex differences in 
outcomes. Such an understanding remains an impor
tant goal, because it is essential in order to predict 
future behaviour, including the likely impact of 
changes in policies or in markets. 

To infer possible causal effects of intra-household 
resource allocation on sex differences in infant and 
child mortality rates, a framework must be used to 
analyse the existing behavioural data. That framework 
must include the critical unobserved factors in order to 
assess their effects. If critical unobserved factors are 
not accounted for in the analysis, the estimated impact 
of observed variables may be biased because the 
observed variables represent, in part, the unobserved 
variables. For example, assume that mothers are 
critical decision makers for intra-household resource 
allocations, that innately more capable mothers tend to 
make choices that increase the survival probabilities 
for daughters relative to those for sons, and that more 
capable mothers also are likely to be more schooled. 
Under those plausible assumptions, the estimated im
pact of mother's schooling includes in part the impact 
of her unobserved capabilities, and therefore is biased 
upwards unless maternal capabilities are controlled in 
the analysis. For another example, assume that ex
pected rates of return to investing in child health differ 
by sex of the children but are not controlled in the 
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analysis. In that case, sex differences in intra-house
hold resource allocations and in infant and child 
mortality rates may be attributed to gender discrimina
tion in household preferences, though in fact they are 
due at least in part to gender differences in expected 
rates of return to human resource investments. 

For such reasons, it is essential that the framework 
for analysing causality with behavioural data be laid 
out explicitly so as to clarify the assumptions on which 
the inferences of causality are based. It is not appro
priate here to expand on the technical details of the 
leading models, 1 but it is important to present a simple 
framework for conceptualizing such issues, and then 
to note some implications for interpreting behavioural 
data. 

1. A simple model of intra-household resource 
a/location related to sex differences in infant 

and child mortality rates 

In the simplest model that has the essential features 
to illustrate the problems of empirical inference from 
behavioural data about intra-household resource 
allocation, households have an objective function that 
they maximize subject to production function con
straints (in particular, for health/morbidity/mortality), 
a resource constraint, and market prices and available 
social services. Each of those components is dis
cussed in tum below. There follows a discussion on 
how constrained maximization can lead to sex differ
ences in intra-household resource allocations that may 
or may not be related to gender bias within the house
hold or outside it. In subsection A.2, the two types of 
relations related to that framework are discussed. 

Household objective function 

The household objective function indicates how 
different combinations of outcomes affect the welfare 
of the household decision makers. The household 
objective function may depend directly and indirectly 
on child health, morbidity and mortality, as well as on 
other outcomes that reflect household decisions, such 
as parental consumption and time use and number of 
surviving children. The household objective function 
may depend directly on child health, morbidity and 
mortality, simply because parents (and any other 
household decision makers) care about the welfare of 
their children. How much they care may differ by the 



sex (or birth order or other characteristics) of the chil
dren; a given health state may be valued differently for 
a daughter than for a son. There may be indirect 
dependence on child health, morbidity and mortality 
because household decision makers perceiye that 
better health improves, for example, economic produc
tivity, about which they have a concern either out of 
altruistic interest in their children's economic well
being or because they expect that they may benefit 
from transfers of monetary or time resources from 
their children. Again, they may weigh differentially 
the same expected economic productivity of sons 
versus daughters if their concern is altruistic. If their 
concern is to benefit, it would seem that money would 
be valued the same regardless of the sex of the child 
who provided it. However, other resources expected 
of children, such as help in old age, may be valued 
differentially depending on the sex of the child. Thus, 
all else being equal, sex differentials in child health, 
morbidity and mortality may have many different 
origins. 

To clarify some critical characteristics of the house
hold objective function it is useful to consider a simple 
household objective function defined over the ex
pected lifetime earnings of two children, which in turn 
may reflect the health of the two children and thereby 
intra-household resource allocations of health-related 
goods and services. Figure 52 gives an illustration in 
which the household objective function depends on 
the expected earnings of a son (E8

, measured on the 
vertical axis) and the expected earnings of a daughter 
(E0

, measured on the horizontal axis). Ofcourse, the 
welfare of the household decision makers also depends 
on many other outcomes, including the health of chil
dren and of the parents, but to keep the illustration 
simple, those other outcomes are considered to be 
fixed. Point A represents a combination of high ex
pected earnings for the daughter and of low expected 
earnings for the son, which yields a welfare level W 1 

for household decision makers. There are other com
binations of expected earnings for those two children 
that yield the same welfare level W1-such as at point 
B, where the expected earnings are the same for the 
two children, and at point C, where the expected 
earnings are higher for the son but lower for the 
daughter. All the points where the welfare level is the 
same can be connected by an "equal welfare" contour 
(similar to a contour line on a topographical map that 
gives locations with equal elevations). Along any 
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equal-welfare line the expected earnings of one child 
must increase when the expected earnings of the other 
child decrease in order to keep the welfare of the 
household decision makers constant. Of course, 
household decision makers would prefer combinations 
of expected earnings that are higher over those that are 
lower. D represents such a combination of expected 
earnings that is higher for both the son and the daugh
ter than at A, B, or C-which yields a higher level of 
welfare, say W2• Through D, there is also an equal
welfare line or contour that represents all combina
tions of expected earnings that yield a welfare level of 
W 2, some with higher expected earnings for the 
daughter and lower expected earnings for the son than 
at D (e.g., E) and vice versa (e.g., F). Note that at any 
point on W 2 the expected earnings for at least one 
child-but not necessarily for both children-is higher 
than at any specific point on W1 since more expected 
earnings for the children are valued positively. For 
example, at Eon W2 the expected earnings for the 
daughter are much higher than at C on W1, but the 
expected earnings for the son are lower. 

The equal-welfare lines illustrate the nature of the 
household objective function. Of particular interest 
are (a) the productivity-equity trade-off and (b) un
equal concern-the latter including preference biases 
favouring sons. 

The extent of curvature of the equal-welfare lines 
indicates preference trade-offs for changes in expected 
earnings of the daughter versus those of the son, and 
thus the productivity-equity tradeoff in preferences. If 
the equal-welfare line is linear, as illustrated by curve 
1 in figure 53, the trade-off is constant, independently 
of whether the daughter has relatively low or relatively 
high expected earnings in comparison with the son; 
thus, the only concern about productivity is the sum of 
expected earnings of all children, regardless of the 
distribution of such earnings between the children. If 
the equal-welfare line is sharply curved, as for curve 
2 in figure 53, the daughter would have to have 
considerable gains in expected earnings for a small 
reduction in expected earnings for the son (or vice 
versa) to keep welfare the same, because the distribu
tion between the children affects welfare. 

Whether or not the equal-welfare lines are symmetri
cal around the 45° line (i.e., the locus of equal earnings 
combinations for the two children) indicates whether 



Figure 52. Household objection function-illustrative equal-welfare curves 
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Figure 53. Curvature of equal-welfare curves: extremes for equity-productivity trade-off 
(curve I-only productivity; curve 2-only equity) 
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Figure 54. Symmetry of equal-welfare curves around 45° ray from origin: equal 
concern (curve 1) versus unequal concern favouring sons over daughters 
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or not there is equal concern. If they are symmetrical, 
as illustrated by curve 1 in figure 54, they imply that 
household decision makers have equal concern in the 
sense that they weigh equal outcomes for the two 
children equally. Equal-welfare lines that are not 
symmetrical as in curve 2 in figure 54 imply that 
households weigh in their preferences a given ex
pected earnings level more for one child than for the 
other. Curve 2 in figure 54 illustrates a case in which 
households weigh a given level of expected earnings 
for boys more that they value the identical level of 
expected earnings for girls. 

The discussion of the household objective function 
and preferences to this point has not considered what 
determines the household objective function. The 
proximate determinants are the preferences and 
(perhaps implicit) bargaining strengths of various 
household members.2 Casual observations suggest 
that implicit or explicit bargaining within the house
hold determines intra-household resource allocations. 
That factor may be relevant for the present discussion 
if different household members have different prefer
ences regarding outcomes for boys versus girls. For 
example, if mothers place greater weight than do 
fathers on the health and survival of daughters than of 
sons, the bargaining power of mothers versus fathers 
within the household may be important for analysing 
sex differences in intra-household resource allocations. 
It has been suggested that the bargaining power of 
women depends on their schooling; their monetary 
income; their formal or informal support networks; the 
attraction of alternative living arrangements outside of 
their marriages; social and legal provisions regarding 
child· support from fathers; and effective legislation 
that protects their rights and access to former spouses' 
resources if there is marital dissolution. However, the 
importance of intra-household bargaining is very 
difficult to establish with non-experimental data. 

Household production .functions 

Production functions specify technical (in part 
biological) relations that indicate how inputs (e.g., 
nutrients consumed, genetic endowments) produce 
outputs of interest (e.g., health, expected earnings). 
The most directly relevant production functions are 
those for child health. Health production functions 
show how health depends on a number of inputs, some 
of which reflect behavioural choices of the individual, 
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the household and the community, and some of which 
are given. Examples of individual inputs are the 
nutrients consumed by a child, curative health care 
directed towards that child-which Basu (1989) 
claims is particularly important for understanding sex 
differences in infant and child mortality rates-and the 
genetic endowments of that child. Examples of 
household inputs include the time and capabilities of 
child-care providers and the quality of household 
water supply. Examples of community inputs include 
health services and the general health environment. 
There are two critical points to note about those 
inputs. First, some reflect behavioural choices which, 
ifnot controlled in the analysis, may bias estimates of 
effects of inputs (see subsection A.2 below). Second, 
a number of the inputs into health production are not 
usually measured in social science or epidemiological 
studies-most notably, genetic endowments. Third, 
those health production functions may be related to 
sex differentials in intra-household allocations and in 
infant and child mortality rates. For example, there 
may be sex differences in endowments3 so that the 
impact of a specified input affects differentially the 
health of males and females. Household and commu
nity behavioural decisions also may result in differen
tial inputs by sex. 

Other production functions may also be important. 
For example, human capital investments, such as 
education, may depend directly and indirectly on child 
health and morbidity-directly if better health im
proves learning in school, and indirectly if better 
health improves complementary pre-school and out
of-school learning. The relevant question for the 
present concern is whether the impact of health and 
morbidity on education differs by sex. 

Also relevant are production functions that deter
mine the impact of health on outcomes of interest, 
such as economic productivity. If there are gender 
differences in productivity that are affected by health, 
then there may be incentives for differences in invest
ments in the health of males and females, and thus in 
intra-household resource allocation. For instance, 
males are sometimes characterized as having compara
tive advantages in agricultural and construction acti
vities that involve physical strength, while females are 
often characterized as having comparative advantage 
in activities that involve stamina and manual dexterity. 
Any gender differences in occupational and task distri-



butions may create incentives for sex differences in 
intra-household resource allocations by sex .. 

Household resource constraint 

The resource constraint denotes that the total use of 
resources by the household cannot exceed the total 
value of resources over which the household has 
command. Resources include physical, financial and 
human resources (including time) and entitlement over 
transfers from or to other households through public 
transfer/tax systems or through private transfers. The 
value of each resource depends on its productivity or 
market rate of return. How much a household can 
obtain with a given level of resources depends on the 
prices that the household must pay for various items. 
Such prices include monetary and time components. 
Resource constraints may embody incentives for sex 
differences in intra-household resource allocation 
through a number of mechanisms: 

(a) Prices for human resource investments may 
differ by gender, particularly if services related to such 
investments are segregated by gender. Even if prices 
for health-related services do not differ by gender, the 
existence of gender differences in the prices for other 
human resource related services, from which the 
expected gains depend on health, may induce sex 
differences in intra-household resource allocation. For 
example, gender differences in effective school prices 
(reflecting differential school availability or school 
quality) create incentives for sex differences in invest
ments in infant and child health if learning in school 
depends in part on child health; 

(b) Some resource uses may differ by gender, 
including dowries and bride prices in many societies. 
If such resource uses also depend directly or indirectly 
on long-term health, the existence of those differences 
in resource uses may induce sex differences in intra
household health resource allocation. For instance, if 
dowries are smaller for daughters with better health or 
with better education and long-run health affects 
education, there may be such incentives;4 

( c) Returns to human resources may differ by gen
der, as noted above, because of gender differences in 
relations between productivity and long-term health or 
because of gender specialization in tasks or occupa
tions;5 
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(d) Finally, the proportion of economic productivity 
generated by human resource investments over which 
the household decision makers have command may 
also differ by the sex of children. If, for example, adult 
sons stay in the family household and contribute to the 
common resources of that household but adult daugh
ters move into their husbands' households and do not 
provide transfers to their parents, there may be greater 
incentive to invest in the long-run health of sons than 
of daughters. 

Production possibility frontiers 

The production function and resource constraints of 
a household can be combined into a production 
possibility frontier, given household assets and the 
prices that the household faces. Such a frontier gives 
the maximum production possible for one outcome 
given all other household production levels. 

To illustrate, assume for simplicity that the produc
tion frontier is defined in terms of the expected earn
ings of two children, a daughter and a son, given the 
total resources that the household devotes to children, 
and the expected earnings of a child depend, inter alia, 
on that child's endowments and the health and other 
human resource investments in that child:6 Graphi
cally, the expected earnings of the daughter (E0 ) can 
be measured along the horizontal axis and the ex
pected earnings of the son (E5) can be measured along 
the vertical axis, as in figure 55. Then, for any level of 
expected earnings for the daughter, the earnings 
production possibility frontier gives the maximum 
expected earnings for the son. If more resources are 
devoted to the daughter so that her expected earnings 
increase, the expected earnings of the son decreases 
because less resources are devoted to the son. The 
earnings production possibility frontier generally is 
elongated in one direction because the children have 
different earning endowments and may face different 
prices or availabilities of inputs. 

Constrained maximization of the 
household objective function 

Household decision makers are posited to behave as 
if they are trying to obtain as high a level of welfare as 
possible. They would prefer higher to lower wel
fare--that is, to be on W2 rather than W 1 in figure 52. 
But the household production possibility frontier limits 



the choices available to the household, as in figure 55. 
The household decision makers can obtain the maxi
mum level of welfare possible given the production 
and resource constraints if they make choices so that 
an equal-welfare line of the household objective 
function is just touching (or tangent to) the household 
production possibility frontier.7 Figure 56 provides an 
illustration in which figure 52 is superimposed on 
figure 55. A level of welfare W1 could be obtained by 
picking point C on the production possibility frontier, 
but a higher welfare level of W 2 could be obtained by 
moving to point D, where the equal-welfare curve W2 

is tangent to the production possibility frontier. That 
constrained maximization may mean that investments 
in children or outcomes for children differ systemati
cally by sex for a number of reasons. 

For example, assume that household decision makers 
have equal concern as in curve 1 in figures 54 and 56, 
and thus have preferences that favour neither sons nor 
daughters but have some productivity-equity trade-off 
in their preferences.8 Consider a set of reasons why 
the earnings possibility frontier again is elongated in 
the direction of the son in most households, as illus
trated in figures 55 and 56. An elongation may reflect 
that: (a) endowments associated with males, such 
as innate strength, are rewarded more in the labour 
market9

; (b) investments in the health of sons have 
higher expected returns than investments in health 
of daughters because of a greater complementarity 
between male genetic endowments and such invest
ments in the health production function; (c) discrimi
nation against women in labour markets; (d) differ
ences in costs of human resource investments in boys 
versus girls because human resource-related facilities 
such as single-sex schools, are more available for boys 
than for girls. 

In all four of those cases, there is by assumption no 
gender bias in preference weights in the household 
objective function, but there are gender differences 
outside of the household that may or may not reflect a 
bias. Those extra-household factors result in sons 
having greater expected earnings than daughters. 
Under those circumstances, intra-household resource 
allocations of nutrients and other human resource 
investments will favour sons to the extent that house
holds are predominantly concerned about productivity. 
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Conversely, if there is strong enough concern about 
equity intra-household resource allocations of nutri
ents and other human resource investment compensate 
by being more concentrated in daughters. 

What happens if there is unequal concern favouring 
sons in the household objective function? That 
possibility is illustrated by curve 2 in figure 54 and by 
the equal-welfare curve in figure 57. More resources 
are shifted towards sons than they would have re
ceived had there been equal concern, which increases 
their expected earnings relative to those of females. In 
figure 57 the tangency is at G instead of at D, as in 
figure 56. However, unequal concern favouring sons 
does not guarantee that intra-household resource 
allocation leads to greater investments in sons than in 
daughters. If there is sufficient concern about equity 
rather than productivity (and the frontier is elongated 
in the direction of sons) or if marginal returns are 
sufficiently greater for human resource investments in 
daughters than in sons, greater resources are allocated 
to daughters than to sons. 

Some conclusions regarding the difficulties in 
identifying gender biases in intra-household resource 
allocations follow: (a) sex differences in outcomes, 
such as health or earnings, do not necessarily mean 
that there are gender biases either within the house
hold or outside of the household; (b)sex differences 
in outcomes do not necessarily mean that there are 
sex differences in intra-household resource alloca
tions that favour the same sex. If household concerns 
about equity are strong enough, in fact, intra-house
hold resource allocations compensate for the incen
tives created by factors outside of the household by 
allocating more to children of the sex with less favour
able conditions outside of the household; (c) sex 
differences in conditions outside of the household 
may reflect discrimination in either markets (e.g., in 
labour markets) or in policies (e.g., provision of 
single-sex schools), and may also reflect not discrimi
nation but simply sex differences in endowments or in 
health production functions that affect productivity; 
and (d) sex differences in intra-household resource 
allocations do not necessarily mean that there are 
gender biases within the household that favours the 
sex that receives the greater resources within the 
household. 



Figure 55. Production possibility frontier for expected earnings of sons versus daughters 
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Figure 56. Constrained maximization of household objective function with equal concern 
between son's expected earnings and daughter's expected earnings 

Figure 57. Constrained maximization of household objective function with unequal 
concern favouring son's expected earnings relative to daughter's expected earnings 
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2. Implications for interpretation of behavioural 
data relating to intra-household resource 

allocation and sex differences in infant 
and child mortality rates 

One basic implication of subsection A. l above is 
that empirical data related to sex differences in intra
household resource allocations and infant and child 
mortality rates must be examined carefully within the 
context of behavioural decisions whose determinants 
may be imperfectly observed or not observed at all. 
The framework in subsection A.1 further suggests that 
there are two main types of relations that might be 
estimated from non-experimental social science data 
that might be informative regarding sex differences in 
intra-household resource allocations. First, there are 
"structural relations," such as the household objective 
function and the production functions in which a set of 
inputs, such as nutrients, health care, parental time and 
genetic endowments, produce an output, such as child 
health or expected earnings. The output produced by 
the household objective function (i.e., "welfare," 
"satisfaction"), however, is not easy to measure in an 
useful way that permits comparisons across house
holds; such relations cannot therefore be estimated 
directly. In contrast, many data sets have information 
on indicators of outcomes of household production 
functions, such as child health, morbidity and mortal
ity, and on indicators of inputs into those production 
functions, such as water quality, availability of health 
care, food, immunizations and characteristics of 
health-care providers (e.g., schooling of mothers). 
Estimates are often made with such outcomes as child 
health as the dependent variable and a number of 
inputs into the production of the outcome as independ
ent variables. A major estimation problem is that 
some of those inputs reflect behavioural choices in the 
light of unobserved variables, such as child genetic 
endowments. 

For example, if health-related inputs are allocated 
partly in response to children's genetic endowments 
that also in themselves have effects on child health, the 
estimated impact of the health-care inputs on child 
health will be biased because it will include not only 
the effect of the health-care inputs but also the effect 
of the correlated unobserved genetic endowments. 
Parents may reinforce genetic endowment differentials 
by allocating more resources to the child with greater 
endowments; conversely, parents may compensate for 

differences in genetic endowment by allocating more 
resources to the disadvantaged child. As a conse
quence, not even the direction of such a bias is obvi
ous, and therefore the estimates cannot be interpreted 
as upper or lower bounds on the true values. To avoid 
such biases, the data on the inputs must be purged of 
their relation with unobserved genetic endowments 
(and any other unobserved child health production 
inputs with which they are correlated). Estimation 
techniques exist with which to obtain unbiased esti
mates. If, as in much of the literature, such techniques 
are not used (or not used well), the estimates obtained 
may be biased in an unknown direction. 

Second, there are "reduced-form demand" relations 
that specify all of the variables that are determined by 
household behaviours (including health and mortality) 
as dependent on all the variables that are given or 

. predetermined from the point of the view of the 
household-market prices, governmental policies, 
genetic endowments, environmental conditions and 
stock variables determined in the past. There is one 
set of such relations for each of the variables that are 
determined by household behaviours. 
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One important point about those relations is that all 
household behaviours depend in general on all of the 
same predetermined variables since the household 
makes all of its decisions based on all the constraints 
that it faces. That consideration means that child 
health depends not only on direct health production 
determinants, such as prices of health-related goods, 
but also on indirect determinants that affect any 
household behaviour. For example, the prices of adult 
clothing and of alcoholic beverages, entitlements for 
transfers, and, for farm households, the price of 
fertilizer, soil quality, water availability and the 
quantity of live stock, are among the predetermined 
variables that may affect child health, morbidity and 
mortality. Moreover, all of those effects may differ 
depending on children's sex for any of the reasons 
discussed in subsection A. l above. It is an empirical 
question whether any of those given variables have 
significant or substantial effects on child health, and if 
so whether such effects differ by sex. Reduced-form 
demand relation estimates generally cannot distinguish 
estimated sex differences in these relations that are due 
to underlying preference from those due to price 
differences, unless (as is never the case) all the rele
vant prices are observed. 



The estimation of reduced - form demand relations 
avoids the problems of unobserved influences on 
household choices that are encountered in the struc
tural relations approach since only predetermined 
variables that are given (at least for the relevant time 
period) from the perspective of the household are 
included. But there may nevertheless be problems of 
omitted variable biases because all of the relevant pre
determined variables, such as mothers' innate capabili
ties, are not observed. 

There are other problems that limit an understanding 
of empirical values for both structural and reduced
form relations. A major set of problems are related to 
measurement errors, some of which have been ad
dressed above for independent variables. In extreme 
cases, no direct indicators can be observed (e.g., 
genetic endowments). If such variables are fixed for 
outcomes for a given child, valid estimates of the other 
parameters can be obtained by purging the other 
variables of any correlation with the unobserv~d fixed 
variables. However, if the unobserved variables are 
household choice variables that enter in structural 
relations as independent factors, they complicate 
obtaining estimates Of the impact of other choice 
variables because procedures that otherwise would 
purge the observed choice variables of any correlation 
with the disturbance also pick up the influence of the 
unobserved independent choice variable. 

Another common problem is that critical variables 
are observed with measurement errors. If such mea
surement errors in independent variables are random, 
the well-known and intuitively plausible result is that 
they cause the estimated effects to be biased towards 
zero, the more so the greater the noise to signal ratio. 
Statistical procedures can be used (i.e. derivation of 
instrumental variables) to purge independent variables 
of such random measurement error. If measurement 
errors in dependent variables are random, they cause 
no bias in estimated coefficients (though they may 
cause misidentification of whether a particular child is 
above or below some interesting value, such as an 
adequate nutrition level). If measurement errors in 
either the dependent or independent variables are 
systematically related to other variables rather than 
random, purging their effects is much more problem
atic, but the failure to do so may jeopardize both 
description and analysis. 10 
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B. EMPIRICAL EXPLORATIONS OF SEX DIFFERENTIALS 
IN INTRA-HOUSEHOLD ALLOCATION OF 

RESOURCES AS RELATED TO INF ANT 

AND CHILD MORTALITY RATES 

1. Structural estimates of intra-household 
nutrient allocations and gender biases 

A small number of studies attempt to estimate 
structural parameters, that is, relations of the first type 
considered in subsection A.2 above, within the context 
of intra-household allocations of nutrients with explo
rations of possible gender biases within the household. 

Reinforcement or compensation of endowments 
and gender preferences in intra-household 
allocations of nutrients in rural south India 

As discussed in subsection A. I above, two important 
attributes of household objective functions are: (a) 
productivity-equity tradeoffs; and (b) unequal concern. 
As also noted, estimation of such attributes is difficult, 
in part because household satisfaction or welfare 
levels are not observed. In ~ehrman (l 988a and 
I 988b ), estimates of those two attributes are presented 
with anthropometric measures of child health as the 
outcome11 and nutrients as the inputs, for rural south 
India using the International Crops Research Institute 
for the Semi Arid Tropics panel data set on 240 
households in six villages. The raw data do not indi
cate systematic sex or birth-order differences in 
nutrient intakes or anthropometric indicators of health 
(Ryan and others, I 984). But, as emphasized in 
subsection A. I above, straightforward analysis does 
not always reveal whether there is gender bias in intra
household resource allocation. The general procedure 
adopted in those studies is to assume specific func
tional forms for the household objective function, in 
which the productivity-equity trade-off and unequal 
concern have specific parametric representations, and 
for the health production function, and then to derive 
expressions in terms of the objective function parame
ters and observed health and nutrient indicators from 
the conditions for constrained maximization. Those 
expressions are estimable with data on health (as 
represented by anthropometric measures) and nutrient 
allocations (as represented by 24-hour recall on 
individual consumption) within households. Since 
seasonal variations are strong in that region, separate 



estimates are made for the lean season, in which food 
is relatively scarce, and the surplus season, in which 
food is relatively abundant. The estimates suggest that 
there are significant differences between the seasons.12 

In the surplus season, there is significant compensa
tion, with much greater concern about equity than in 
previous estimates for the United States (based on 
expected earnings as the outcome with schooling 
allocated, see Behrman, Pollak and Taubman, 1982 
and 1986). In the lean season, there is substantial 
reinforcement (close to the pure productivity case and 
much higher than in the United States estimates). 
There is equal concern in the surplus season but 
unequal concern favouring sons and children of lower 
birth order in the lean season.13 Those results suggest 
that during the surplus season, strong equity prefer
ences and the equal concern result in fairly even 
distributions of nutrients across all children, despite 
higher labour market and agricultural productivity 
returns to males. But in the lean season, the strong 
productivity preference, reinforced by preference for 
males and for lower birth-order children, result in 
intra-household resource allocations that favour sons 
and leave daughters and higher birth-order children at 
considerable risk of mortality. 14 

The present study makes progress in estimating 
critical household objective function parameters by 
using particular functional forms for some of the 
central relations in the framework in subsection A. I 
above and direct observations on individual nutrient 
and health data for at least two children in each 
household. ·However, the results concerning large 
seasonal differences in those parameters with gender 
and birth-order bias in the lean season must still be 
qualified because some important implications of 
the framework are not addressed. In particular, more 
extensive data that permit control for individual 
endowment differences among children are required to 
deal with those problems.15 

Intra-household distributions of nutrients, 
health, work effort and endowments in 
rural Bangladesh 

Pitt, Rosenzweig and Hassan (1990) develop and 
estimate a model that is consistent with the framework 
in section A above and that incorporates linkages 
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among nutrition, labour-market productivity, health 
heterogeneity, and the intra-household distribution of 
food and work activities in a subsistence economy. 
Their approach explicitly integrates concerns about the 
productivity impact of health and nutrition in such 
societies and about sex variations in intra-household 
allocations. Their study is presented in some detail 
because it deals better than other studies with the 
problems discussed in section A, and thereby illus
trates the difficulties in obtaining confident knowledge 
about gender bias in intra-household nutrient alloca
tions. 

A household is assumed to have individuals in a 
number of age and sex classes with the same health 
and wage production functions for all members of the 
household within the same class. The household 
objective function is defined over the health, food 
consumption and work effort of each individual (with 
positive effects of health and food consumption, and 
negative effects of work effort). Constraints on that 
maximization include (a) a budget constraint that 
posits that income from labour and other sources must 
be greater than or equal to expenditures on food and 
other consumption, and (b) production functions for 
health (positively dependent on nutrient intakes and 
endowments, and negatively dependent on energy 
expended) and wages (positively dependent on health 
and on energy expended16

) for each class of individu
als. The health endowments (i.e., that component of 
health influenced neither by nutrient intakes nor by 
work effort) are known to the household members but 
not observed by scientists. 

The conditions for a constrained maximization 
indicate that the marginal cost of allocating nutrients 
to an individual is related negatively to the extent to 
which that person's health improves with more nutri
tion and the extent to which that person's wage in
creases with better health. Because different classes 
of individuals participate in different work and the 
wage effects of health vary across types of work, the 
marginal costs of food allocated to different classes 
of individuals may vary substantially. Within a class, 
the distribution of food and work effort across individ
uals depends on the distribution of endowments 
among those individuals. Compensation or reinforce
ment can be examined by investigating the impact of 



endowments on health, which includes the partial 
effects on health through both work effort and nutrient 
intakes. 

To explore empirically whether there is compensa
tion or reinforcement, estimates of the endowments 
first must be obtained. To do so, the health production 
function is estimated directly, and based on the param
eter estimates and the actual nutrients consumed and 
work effort expended by each individual, endowments 
of individuals are calculated. There are two prob
lems-related to general problems discussed in 
subsection A.2 above--that must be addressed in this 
"residual" endowment method. First, because endow
ments are not observed and because they influence 
household allocations, ordinary least squares estimates 
of the health production technology are not consistent. 
Accordingly, the authors use an instrumental variable 
technique to obtain consistent estimates of the health 
production function. 17 Second, the residually derived 
endowments are likely to be measured with systematic 
error because of random measurement error in the 
observed inputs into the health production function, 
such as individual nutrients, which carry over to cause 
errors in the estimated'endowments that in tum causes 
biases in the estimated impact of the endowments on 
allocated variables. Those biases tend to make house
holds appear more compensatory than they really are.18 

Therefore, they use statistical techniques to obtain 
consistent estimates. 19 

The data requirements for their study are consider
able: observations on nutrient intakes, health out
comes, and work effort at the individual level; suffi
cient cross-sectional variation in exogenous instru
ments needed for consistent estimation of the health 
production function; and repeated observations on 
individuals to purge estimated endowments of mea
surement errors (Pitt, Rosenzweig and Hassan, 1990). 
The data source is the 1981-1982 Bangladesh Rural 
Nutrition Survey of 385 households in 15 villages, 
complemented by intra-household nutrient data 
available for about half of those households and longi
tudinal data on intra-household allocations available 
for a further subset. The authors use F AO/WHO 
classifications of the 14 occupations provided in the 
data as "very active" and "exceptionally active" to 
characterize higher than normal work effort. They 
also control for whether women were lactating or 
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pregnant in the sample period to control for nutrient 
use that is unrelated to work. 

Estimates of the health production function for 
weight-for-height suggest that the impact of calories is 
understated, and the signs of the coefficients of the 
work effort variables are wrong ifthere is no control 
for the choice aspect of inputs. The residual endow
ments obtained from the consistently estimated health 
production technology are used for the households 
with longitudinal data to obtain consistent estimates of 
the impact of individual endowments on individual 
nutrients intake. Those estimates suggest reinforce
ment in the sense that individuals with better endow
ments receive more nutrients; those effects are about 
10 times larger for males than for females, which is 
consistent with their model, given that their data 
indicate that women do not participate in energy
intensive activities. Reinforcement is significant for 
males aged 12 years or older, and for both males and 
females in the 6-12 year age range; however, compen
sation may occur for those under six years of age of 
both sexes (though the standard errors are large); for 
females 12 years of age or older, the sign of the 
coefficient is positive but the magnitude is very small 
and the standard error very large. 

Pitt, Rosenzweig and Hassan (1990) explore the 
impact of endowments on household income and on 
participating in an exceptionally active occupation (in 
the absence of data on individual wage rates or earn
ings). Their estimates suggest that there is a pecuniary 
return to health and effort, that adult males with better 
endowments are more likely to undertake exception
ally energy-intensive work, and that adult female 
health endowments are relatively unimportant (in 
comparison with those for adult males) in determining 
activity choices or household income. Finally, the net 
effect of a change in individuals' endowments on their 
own health is calculated from the estimated health 
production functions· and the estimated endowment 
effects on the nutrient and work effort variables in 
those production functions. The elasticities of health 
with respect to endowments are 0.88 for adult males 
and 0.97 for adult females. Elasticities of less than 
one imply that Bangladesh households on balance 
exhibit compensatory rather than reinforcing behav
iour with respect to adult health endowments; adult 
males are ''taxed" to the benefit of other household 



members more than females. Therefore, what appears 
to be gender bias against adult females in the intra
household allocation of nutrients relative to ''require
ments" as conventionally measured, turns out to be 
bias against adult males when both the allocation of 
nutrients and the allocation of energy-intensive work 
effort are' incorporated into the analysis. 

Despite some limitations, that is the most thorough 
study available of intra-household allocations and 
gender, and is a model for emulation in a number of 
respects, including its wide perspective about what 
allocations are inter-linked, its care with regard to 
estimation issues, and its use of especially rich cross
sectional and panel data in a systematic and integrated 
manner. It also points to the considerable difficulties 
in identifying gender biases in intra-household alloca
tions, and illustrates how incorrect inferences may be 
made in several respects if partial or less careful 
approaches are used. 

2. Reduced-form demand relations, 
health and gender 

As noted in subsection A.2 above, estimates of 
reduced-form demand relations may also give insights 
into determinants of sex differences in intra-household 
resource allocation related to health. But as also 
noted above, such estimates cannot usually identify 
whether the underlying causes of sex differences stem 
from the household objective function or from house
hold production functions. Nevertheless, such 
reduced-form demand studies may reveal how house
holds respond to factors that are given, such as labour 
market conditions, prices, the schooling of adult 
household members and social services. Even though 
the primary focus of the present chapter is on infants 
and children, sex differences in reduced-form demand 
relations for other age ranges are included below. 

Male-female infant and child mortality 
differentials and labour markets in India 

Using aggregate data, Basu and Basu (I99I) report 
that among poor households in rural India in I 98 I, the 
probability of infant and child mortality increases with 
women's employment, but less so for daughters than 
for sons. They suggest that those associations reflect 
the fact that working mothers spend less time with 
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their children (which raises infant and child mortality) 
but have more influence on intra-household resource 
allocation in ways that favour daughters relative to 
sons.20 That interpretation is consistent with a simpli
fied version of the framework in subsection A. I, but 
the authors do not control for behavioural choices nor 
for unobserved heterogeneities. Therefore, as they 
realize, their interpretations of associations are conjec
tural, with too many untested assumptions to make a 
confident leap from associations to causality. 

Rosenzweig and Schultz (1982) analyse the determi
nants of male-female differentials in child survival 
rates in rural India, using both 197 I rural household 
and I 96 I district level data. They have no observa
tions on intra-household allocations, but they argue 
that the male-female survival differential depends 
upon the expected relative returns to male and female 
labour because those expectations influence parental 
investments in sons and daughters. That argument is 
consistent with the framework of subsection A. I 
above, in which longer-term expected returns affect 
sex differences in intra-household resource allocation 
in infants and children, and thus sex differences in 
the health of children. The authors use predicted 
employment rates of current men and women as 
proxies for the economic returns to investing in boys 
and girfs. In both the household and the district level 
samples, they find predicted female (but not male) 
employment rates to be a significant negative determi
nant of the male-female child survival differential. 
They interpret those results to imply that children who 
are expected to become more economically productive 
adults receive a greater share of family resources, and 
therefore have a greater propensity to survive than 
other children. 

In a comment on the above-mentioned article, Folbre 
(I984) suggests that those results are consistent with 
the possibility that women with larger incomes have 
greater influence in intra-household allocations and 
tend to favour daughters relative to sons, an explana
tion similar to that of Basu and Basu. Such a possibil
ity is also consistent with the framework in subsection 
A.I. But Rosenzweig and Schultz (1984) correctly 
respond by observing that the available data do not 
permit one to identify whether the underlying alloca
tions reflect such a bargaining model versus responses 
to differential expected returns. 



Morbidity demand relations 
by gender in Indonesia 

Pitt and Rosenzweig (1985) use data on 2,347 
Indonesian farm households (from the 1978 Indone
sian Socio-economic Survey) to estimate separate 
"illness demand" (ordered probii) functions for hus
bands and wives, and a fixed effect logit for the 
difference between the husband's illness and the wife's 
illness. The independent variables are the prices of 13 
consumption goods (foods and non-foods); source of 
drinking water; availability of hospitals, family
planning clinics, public lavatories and clinics; land 
ownership; farm profits; and the age and education of 
the husband and wife. They find relatively few 
significant determinants .of health,21 but the fixed 
effects logit estimates suggest that there are some 
differences in the effects on men versus women. The 
presence of clinics and the price of vegetables, for 
example, significantly increase the health of women 
relative to that for men, while the opposite is the case 
for the price of fish. In that case, there is thus some 
evidence that the presence of health services in com
munities favours females more than males, as well as 
further evidence that households respond differentially 
for males than for females to some market prices. 

Differential treatments of boys versus girls 
in household expenditures in Cote d'Ivoire 
and Thailand 

Deaton (1989) uses household expenditure and 
demographic data to assess differential treatment of 
·boys versus girls. The basic point of his approach is 
that for a given level of income, families with children 
spend less on adult goods (e.g., tobacco, alcohol, adult 
clothing and shoes, meals out, entertainment) in order 
to purchase children's goods. If household expendi
tures favour boys over girls, smaller expenditures on 
adult goods are made by families with boys than by 
families with girls. His examination of cross-sectional 
expenditure data reveals no evidence of statistically 
significant differentials favouring boys or girls in 
either COte d'Ivoire or Thailand. However, his ap
proach utilizes only surviving household members, 
and thus misses the effects of sex differences in 
previous infant and child mortality. 
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3. Tests of income pooling by gender 
in demand relations 

In subsection A. I above it was noted that bargaining 
within households may influence allocation of re
sources. Furthermore, improvements in the bargaining 
position of women may favour daughters relative to 
sons. With non-experimental data, the relevance of 
bargaining is difficult to assess because the types of 
variables that usually are used to measure bargaining 
power also may be representing unobserved tastes and 
productivity.22 There have been several recent studies, 
nevertheless, that purport to test whether male and 
female non-earned income can be pooled. Some 
observers have interpreted those estimates to be strong 
evidence in favour of household bargaining models 
over models with unified preferences (in the sense that 
all relevant household members have the same prefer
ences or the preferences of one household member 
determine household decisions). Two of those studies 
on developing societies are summarized below. 

Individual unearned income and Brazilian 
child survival rates, anthropometric 
measures and nutrient intakes 

Thomas (1990) explores whether there are different 
effects of men's and women's unearned income on 
child survival rates, anthropometric measures and 
nutrient intakes for children using 1974/1975 Estudo 
Naciona/ da Despesa Familiar data for over 25,000 
urban households in Brazil. Unearned income (not 
wages) is used, and parents' education is controlled in 
order to focus on the income effects alone, without the 
price and time-use preference effects that wages would 
entail. The estimates indicate a much larger effect on 
child survival and child anthropometric measures of 
women's unearned incomes than of men's. Moreover, 
unearned income of the mother has a greater impact on 
daughters than on sons, while the unearned income of 
the father has greater impact on sons. He also reports 
that the estimated effects of both women's and men's 
unearned incomes are positive but decline as incomes 
increase. The estimated impact of women's unearned 
incomes on nutrient intakes is about seven times of 
that for men's, for both calories and proteins. Thomas 
concludes that those results reject the unified prefer-



ence model of households often used for economic 
analysis,23 and suggest that mothers' incomes are much 
more important in determining children's health than 
are fathers' incomes, but with the intergenerational 
gender links noted above. 24 

Cash income shares, consumption 
composition and child anthropometric 
indicators in Cote d'Ivoire 

Haddad and Hoddinott (1994) use a sub-sample from 
a national household survey (the World Bank Living 
Standards Measurement Study) for the C6te D'Ivoire 
to estimate the relevance of income pooling. Since 
that survey does not identify non-labour earnings by 
individuals, they limit their analysis to a comparison 
of households with only adult males and households 
with only adult females. They then compare con
sumption shares and cash income effects on child 
anthropometric outcomes for those two types of house
holds. They interpret their estimates to mean that 
increases in the share of cash income accruing to 
women significantly raise the budget shares of food 
and lower those of alcohol and cigarettes, and improve 
anthropometric outcomes for children (somewhat 
more for boys than for girls). They suggest that to the 
extent that such changes are regarded as desirable, the 
results provide additional reasons for policy measures 
to improve women's access to income-generating 
resources (pp. 23 and 24 ). 

What do those studies mean with regard to the 
importance of bargaining versus price/tastes effects? 
There are a range of answers to that question. 
McElroy (1992, p. 12) interprets those and related 
studies to be part of the strong results favouring 
bargaining models. Thomas (1990) and Schultz 
(1990) claim that that evidence rejects one of the 
restrictions implied if households had unified prefer
ences as defined above, but recognize explicitly that 
the evidence does not actually confirm the bargaining 
model. Udry (1995) provides related evidence of 
inefficient allocation of productive resources across 
land plots operated by different household members 
(men versus women) in Burkina Faso, which he 
interprets to reflect bargaining considerations. 

The interpretation that those results reject the pool
ing assumption of the unified model is problematic. 
The ideal assessment would be to conduct an experi-

237 

ment in which extra income were distributed randomly 
to males and females, and then to observe whether the 
marginal propensities to use such income differed 
depending upon the sex of the recipient-in particular, 
for the present concern, whether daughters benefited 
differently than sons. Not surprisingly, none of those 
studies employ such an experimental method. Instead, 
Thomas uses individual "unearned" rather than earned 
income in order to abstract from price (i.e., opportu
nity cost of time) and taste effects that wages would 
represent. But is there any reason to think that un
earned income is unrelated to wages, productivity and 
tastes? The answer depends in part on the sources of 
unearned income. In the data for Thomas' study, the 
sources of unearned incomes are largely pensions and 
social security, both of which are related to past 
wages, productivity and preferences regarding time 
use. Even earnings from assets may reflect past 
productivity and preferences if such assets were 
acquired out of past labour wages. Therefore, un
earned income may in part represent productivity in 
labour market activities associated with household 
activities pertaining to health, nutrition, fertility and 
time allocations and/or preferences for time use. If so, 
those results do not necessarily mean that shifting 
income to women would have more positive effects on 
child health in general or on health of daughters than 
shifting equal income to men but simply that more 
productive women have more positive effects on their 
children's health. In fact, those results are consistent 
with the true effects involving income pooling, except 
that unearned income coefficient estimates are biased 
differentially by proxying for unobserved produc!ivity 
endowments given gender specialization in household 
tasks. The Haddad and Hoddinott (1994) estimates 
have at least as great a problem in that respect since 
they use casb income that includes current labour 
income;25 in addition, it is difficult to interpret what 
their results mean given their sample selection crite
rion for including only households with all adults of 
one sex. 

4. Reduced-form demand relations 
for other related outcomes 

Schooling and inter-generational 
transfers in the Philippines 

Quisumbing (1993) examines schooling, land and 
non-land asset transfers from parents to children in 



344 households in five rice villages in Central Luzon 
and Panay Island in the Philippines, using retrospec
tive survey data. Unobserved family endowments are 
important, as suggested by the framework in subsec
tion A. l above. Families with different land con
straints have significantly different patterns of school
ing investments. For land-constrained households (but 
not those that bestow land), the estimates show that 
the eldest and the youngest daughters receive signifi
cantly less schooling, which may reflect unequal 
concern favouring sons and middle order daughters in 
the terminology of subsection A. l above. Analysis of 
a sub-sample by combined land status with completed 
inheritance decisions, however, indicates that daughters 
are not disadvantaged in schooling, at least at the five 
per cent significance level, but receive significantly 
less land and total inheritance, with partial compensa
tion through receiving greater non-land assets. Thus, 
those results for the sub-sample, with completed 
inheritance, suggest equal concern by gender with 
regard to human resources though unequal concern 
favouring males for land transfers and overall inheri
tances. All in all, if better health is sought in part 
because of its impac;:t on learning in school, those 
estimates suggest little if any incentive to favour sons 
in the intra-household resource allocation of health
related resources because they will have greater 
subsequent returns from those health investments in 
schooling. 

Infant and child morbidity and gender inequality 
in intra-household resource allocation of 
schooling in Indonesia 

In most societies, there is gender specialization in the 
provision of home health care, with fem~es providing 
most such care. Pitt and Rosenzweig (1990) develop 
and implement a method with data from Indonesia for 
estimating the effects of infant morbidity on the 
differential allocation of time of family members. 
They use a framework similar to that in subsection 
A. l above, but with the health of various household 
members determined simultaneously. The contagious 
nature of some diseases is explicitly recognized, which 
complicates the estimation considerably, and indeed 
makes consistent estimation possible only with some 
strong assumptions. The data requirements for esti
mating such relations are substantial: information on 
child health, the activities of all household members 
and the prices of health-related goods, as well as a 
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large sample size. The 1980 Indonesian Socio-eco
nomic Survey linked with other information on prices 
and health programmes has such data for 5,831 
households. The estimates obtained indicate that in 
comparison with teenage sons, teenage daughters were 
significantly more likely to increase their participation 
in household care activities and to reduce their partici
pation in market activities and at school in response to 
illness of infant siblings. Moreover, such estimates 
differ markedly from the estimates obtained if there 
was no control for the simultaneity of child health 
determination and time uses of household members. 
Thus, gender specialization in care for sick infants 
reduces the expected schooling of daughters, which 
reduces the incentives for investing in the health of 
female infants and children if one of the returns to 
such investments is subsequent schooling success. 

C. CONCLUSIONS 

Gender biases in intra-household resource allocation 
are thought by many to be very important in under
standing sex differences in infant and child mortality 
rates. Intra-household allocations certainly appear to 
be important in determining child development as well 
as in the determination of time use, other human 
resource investments, and intra-generational and 
intergenerational transfers in developing countries. 
The nature of such allocations have important implica
tions for equity, efficiency and the efficacy of policies. 

Assessment of the influence of sex differences in 
intra-household resource allocation in infant and child 
mortality rates is severely limited by lack of relevant 
data. Many critical variables, often including the intra
household allocations themselves, are not observed in 
most data sets. Almost all of the data that are avail
able, moreover, are observations on behaviours, which 
in part stem from unobserved variables, such as 
genetic endowments, unequal concern favouring sons 
(or daughters) and bargaining power. A simple 
framework for analysing intra-household resource 
allocation, such as that presented in section A above, 
points to the considerable difficulties in making simple 
inferences about sex differences in intra-household 
resource allocation related to infant and child mortality 
rates. That framework indicates, for example, that 
(a) sex differences in outcomes, such as health or 
mortality, may occur for a number of reasons other 



than gender biases in preferences of household mem
bers; (b) sex difference in such outcomes may occur 
even if there are neither gender biases in preferences 
underlying intra-household resource allocation nor in 
markets nor in policies; and (c) sex differences in 
intra-household resource allocation may favour girls 
even if there is gender bias in preferences of house
hold decision makers that favour boys. Thus, simple 
observations about sex differences in intra-household 
resource allocation are not likely to be conclusive 
regarding either the importance of gender bias in 
households or what changes would alter sex differ
ences in either intra-household resource allocation or 
in outcomes affected by households. Therefore, for 
better understanding, predictions and policy design, it 
is important to attempt to understand the sources of the 
sex differences that are documented elsewhere in the 
present volume. It is not likely to be productive, as is 
all too common, to define every difference by sex as 
discrimination. Although some studies in the large 
literature that describe sex differences in intra-house
hold resource allocation are sensitive to the great 
difficulties in establishing causality (e.g., Koenig and 
D'Souza, 1986; Muhuri and Preston, 1991), many 
others are cavalier about those difficulties and unjusti
fied in making the tremendous leap from observing 
associations to attributing causality. 

Despite the huge difficulties in empirical measure
ment and conceptualization, there has been substantial 
progress in modelling intra-household allocations in 
ways that lead to testable propositions. That progress 
has been made by using better data, increasing the 
rigour of the relation between the modelling and the 
empirical estimation, and making assumptions that 
permit the circumvention of major data problems. 

Most of the analytical modelling and most of the 
empirical work has been within a fairly simple frame
work, as outlined in subsection A.1 above. The best 
of those studies have elaborated on and tested hypoth
eses about the role of unobserved heterogenous 
endowments in intra-household allocations within the 
context of labour, product and marriage markets. 
Their results suggest that controlling for unobserved 
heterogeneity is indeed critical for understanding the 
nature of and the impact of intra-household allocations 
and how they relate to gender biases. Those studies 
have tended to deal with an ever-widening range of 
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issues in more integrated ways, with increasing 
sensitivity to estimation issues. 

The substantive results from those studies include 
the following: 

(a) When food is scarce in rural south India, intra
household resource allocation reflects a strong empha
sis on productivity rather than equity; those are biases 
favouring male and lower-birth-order children, with a 
consequence that some of the most vulnerable children 
may be subject to large morbidity and mortality risks. 
When food is more available, there is much more 
concern about equity and there are no significant 
gender or birth-order preferences; 

(b) In rural Bangladesh, nutrient allocations that 
appear to favour adult males in fact appear to be part 
of a ''tax" on adult males in favour of other household 
members if energy-intensive uses are incorporated into 
the analysis; 

(c) Sex differences in intra-household resource 
allocation related to childhood mortality rates respond 
significantly to sex differences in labour market 
opportunities in rural India. There remains some 
ambiguity whether the effect of labour market condi
tions Operates through expected returns to human 
resource investments or through time use and resource 
command of mothers; 

(d) Whether mothers or fathers receive income is 
associated with sex differences in intra-household 
resource allocation in Brazil, as well as adult-children 
differences in intra-household resource allocation. 
However, interpretation of that association in terms of 
prices, preferences and bargaining power is not easy; 

(e) Gender specialization in household tasks, such 
as care for sick infants, reduces daughters' expected 
schooling in Indonesia, which may induce less invest
ment in their health. 

The number of systematic studies within the frame
work outlined in section A above is very small. 
Moreover, on some topics their results differ---e.g., 
whether more mother's income or schooling is associ
ated with more resources going to daughters (Thomas, 
1990, on Brazil) or to sons (Haddad and Hoddinott, 



1994, on C6te d'Ivoire) or whether care of sick infants 
reduces daughters' schooling (Quisumbing, 1994, on 
the Philippines versus Pitt and Rosenzweig, 1985, on 
Indonesia). There is no clear indication whether those 
differences reflect differences in reality or differences 
in approaches. Furthennore, even the best studies are 
characterized by untested assumptions, unobserved 
variables and other problems, such as uncertainty and 
imperfect infonnation. 

So, although progress has been considerable in the 
systematic socio-economic analysis of sex differences 
in intra-household resource allocation that relate to 
childhood mortality rates in developing countries, 
there remains considerable potential for making 
advances in that area. The most useful advances will 
probably be those in which theoretical modelling, 
special data and appropriate statistical analyses are 
carefully integrated. 

NOTES 

'For such elaboration see Behrman (1994 and 1996). For related 
considerations, see Deaton (1995) and Strauss and Thomas (1995). 

2Underlying the preferences of individual household members are 
likely be cultural norms and traditions that may change over time, but 
are assumed to be given for the present illustration of how households 
allocate resources at a point of time. Usually cultural norms and 
traditions are thought to change relatively slowly, so the working 
assumption here that the resulting individual preferences and the 
household objective function based on such preferences are fixed to 
illustrate inttahouse-hold allocations is not likely to be too misleading. 
But it should be noted that there is considerable debate among social 
scientists about what determines cultural norms and individual 
preferences (and their interactions). 

3It often is claimed, for example, that there is excess male mortality 
during the first year of life because of the genetically lower resistance 
of boys during the neonatal or longer periods (see for example, chaps. 
II and III above; Gbenyon and Locoh, 1992; and Pebley and Amin, 
1991). 

4Rao (1993), for example, reports that dowries in rural south India 
are less for more educated and healthier (as indicated by anthropomet
ric measures) women, though the estimated effects are imprecise. 

5Boserup (1970) and Svedberg (1990), for example, conjecture that 
indicators of health, morbidity and mortality favouring females in sub
Saharan Africa in comparison with those favouring males in South 
Asia reflect in part the gender division of labour. Women produce 
food crops in sub-Saharan Africa, where there is relative labour 
scarcity and land abundance. Together with polygamy, such factors 
lead to women being desired in those marriage marlcets so that positive 
bride prices are the norm. In contrast, daughters are a financial burden 
to their parents in South Asia, because of the predominance of 
monogamy and the dowry system, in conjunction with land scarcity 
and labour abundance. 

6To make that illustration as simple as possible, it is assumed here 
that the household decides first how much resources to devote to their 
two children, and then decides how to allocate those resource between 
the two children. The example thus ignores important questions, such 
as how the household decides how many children to have or how to 
divide overall household resources between the adults and children. 
But the basic points made below would hold with a more complicated 
set of assumptions that incorporated those decisions. 

'There is an assumption here that household decision makers cannot 
simply maximize- the total expected earnings of all the children and 
then enforce redistribution among the children to obtain the desired 
equity. 

'In one limiting case in which there is only concern about equity (in 
which case the preference contours are L-shaped) so that no value is 
placed on expected earnings of any child that exceed the expected 
earnings for the child in the family with the lowest expected earnings, 
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constrained maximization leads to equal expected earnings for all 
children. 

9However, it is far from clear whether endowments are systemati
cally better for males than for females. With regard to health, in fact, 
the dominant conjecture is the opposite (e.g., Kane, 1991): if males 
tend to be less well endowed, then sons rather than daughters tend to 
benefit from greater emphasis on equity. 

'&fo illustrate regarding pure description, Courtwright (1990) argues 
that patterns in estimated female to male child mortality rates that have 
been interpreted to reflect considerable female neglect in parts of the 
nineteenth century United States in fact reflect failure to correct census 
and other data for differential sex patterns in migration. 

"Health is the outcome in that it fulfills the role of expected earnings 
in the discussion of subsection A. I; health may still be of interest in 
itself or because it has an impact on expected productivity. 

'2The seasonal differences in the estimates do not necessarily mean 
that preferences change across seasons. Instead, the relevant region 
over which preferences determine behavior may change because the 
resource constraint may change across seasons (e.g., be much more 
limiting in the lean season). 

13Those results are robust, moreover, when the specification is 
augmented by including in the household objective function the 
estimated impact of nutrients on labour market productivity, as 
estimated from the experience of current adults (under the assumptions 
that labour marlcets are quite stable in that part of India, and that there 
are high correlations between child age-standardized anthropometric 
indicators and those that the children will have when they are adults). 

14Studies on other parts of South Asia (e.g., Das Gupta, 1987, on the 
Punjab; Muhuri and Preston, 1991, on Bangladesh) document an 
interaction between high birth order or having older sisters on female 
infant and child mortality. 

15Behrman, Rosenzweig and Taubman ( 1994 and 1996) show how 
data on identical and fraternal twins can be used to control for 
unobserved endowments and to estimate the impact of individual 
endowments on intra-household resource allocations with minimal 
assumptions. They present estimates for the United States that show 
that households allocate investments in years and resource-intensity of 
schooling so as to reinforce endowments (i.e., with emphasis on 
productivity relative to equity) for both males and females. 

16Work time is assumed to be the same for all individuals because 
there are no data on time allocations, and because casual observations 
suggest that there is very little leisure in the sample area. 

17They use instrumental variable procedures with food prices, 
labour-market variables reflecting labour demand, and exogenous 
components of income as instruments, under the assumption that such 
variables determine resource allocations but do not directly affect 
health status, given food and activity levels (Pitt, Rosenzweig and 
Hassan, p. 1145). 



18Pitt, Rosenzweig and Hassan (1990) show that ifthe true impact of 
such endowments on nutrients is positive, the estimated impact will be 
downward biased. But if the true impact is negative, the classical 
measurement error bias is towards zero (and therefore positive), while 
the bias due to the correlation of the estimated endowment with the 
measurement error in nutrients is negative, so the overall effect is 
indeterminate. 

19More specifically, to obtain consistent estimates they use instru-
mental variables in the form of estimated health endowments for 
weight-for-height, mid-arm circumference, and skinfold thickness from 
other survey rounds than the one for which the allocation estimate is 
being made under the assumption that the period-specific measurement 
errors are not correlated across time periods. 

20Blau, Guilkey and Popkin ( 1996) explore the first part of that 
conjecture. They estimate health production functions using data from 
a longitudinal household survey in 1983-86 for a sample of over 3,000 
children in Cebu, the Philippines, in 1983-1986. They note that simple 
associations of women's work with child anthropometrics are in some 
cases negative, which would seem to be consistent with that conjec
ture. But when they adopt specifications that are consistent with the 
framework in subsection A.1 above with women's work reflecting 
behaviourial choices in the presence of and in part in response to 
unobserved endowments, they find that there is no significant effect of 
mothers' work on child health directly through the production 
function, and that mothers with higher wages tend to have healthier 
children despite the fact that they are less likely to breastfeed as long 
as do non-workers. That is an interesting illustration of the possibility 
that incorporating behavior into the analysis, as in the framework in 
subsection A. l above, can change substantially our understanding of 
causal effects from those that might be deduced from simple associa
tions in the data. 

21Pitt and Rosenzweig (1990) attribute the lack of precise estimates 
to measurement problems: illness was reported by the sick themselves 
(or by the household head or spouse) and hence subject to differences 
in sensitivity to symptoms and in propensities to report them, and was 
recorded over a period of only one week. 

22Some studies (e.g., Basu, 1989; Das Gupta, 1990) interpret 
variables, such as reported decision-making power regarding cooking, 
where births took place (i.e., maternal family home, paternal family 
home, hospital, clinic) and time use (i.e., time in paid employment) as 
measures of women's autonomy in mortality and related relations. 
That interpretation of such behaviourial variables seems problematic 
within the framework of subsection A.1 above, since those variables 
also respond to all of the observed and unobserved prices, policies and 
assets that the household faces. 

23Though he notes that ratios of income effects are not significantly 
different from each other, which is consistent with the common 
preference model if income is measured with error, as well as consis
tent with differential intra-household preferences that are homogenous 
in the relative preference weights that mothers and fathers have for 
health outcomes. 

24In a more recent paper, Thomas (1993) further explores the income 
pooling possibility with the same data, by investigating whether non
labour income or total income can be pooled across men and women 
in estimates of the determinants of income shares. He finds that 
income under the control of women is associated with a larger increase 
in the share of the household budget devoted to human capital 
investments (i.e., health, education and household services) but less 
devoted to food consumption. 

25'fhey recognize that there may b~ a simultaneity problem and use 
a set of instruments for income (e.g., demographic variables, location 
variables, indicators ofthe nature of consumer durables and housing, 
schooling variables, land variables). However they do not present 
persuasive evidence that these instruments are independent of the 
disturbance terms (which may include unobserved productivity and 
taste factors). 
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ANNEX TABLES 





y 

Period 

1901-1910 
1911 
1921 

TABLE A. l. TIME SERJES OF THE PROBABILITY OF DYING FOR AGE GROUPS, 0-1, 1-4 AND 5-14, AND 
MALE TO FEMALE RATIOS OF SUCH PROBABILITIES FOR 24 COUNTRIES OR AREAS 

Australia 

Probability of dying (per 1,000) 

Less than l 1-4 years 5-14 years Male/female ratio (percentage) 

Male Female Male Female Male Female 0-1 year l-4year 5-14 

95.1 79.5 32.1 30.0 20.5 18.7 119.6 107.0 109.9 
73.8 59.3 25.6 23.8 18.8 17.2 124.5 107.5 109.8 
70.4 55.8 27.9 24.0 18.4 15.8 126.3 116.1 116.4 

Sources: For 1901-1910, based on communications with J. Pollard; for 1911 and 1921, S. Preston, N. Keyfitz and R. Schoen, Causes of Death: 
Life-Tables for National Populations (New York, Seminar Press, 1972). 

Austria 

Probability of dying (per 1,000) 

Less than l l-4years 5-14years Male/female ratio (percentage) 

Period Male Female Male Female Male Female 0-1 year l-4year 5-14 

1868-1871 297.7 250.1 136.8 131.8 62.3 62.1 119.1 103.9 100.3 
1879-1882 274.1 229.0 149.6 143.1 72.8 77.2 119.7 104.5 94.2 
1889-1892 266.8 227.3 126.2 119.2 51.7 59.0 117.4 105.9 87.6 
1899-1902 230.4 193.1 90.6 90.4 39.3 44.1 119.3 100.2 88.9 
1909-1912 205.9 171.6 70.0 69.4 33.1 36.6 120.0 100.8 90.S 

•1926-1930 136.2 108.1 34.1 31.4 20.3 19.8 126.0 108.6 102.5 

Source. Osterreichisten Statistichen Zentralamt, Entwicklung der Sterblichait in der Republik Osterreich and Geschichte und Ergebntsse der 
Zentralen amtlichen Statistik in Osterreich, 1829-1879 (Vienna, 1960 and 1979). 

Belgium 

Probability of dying (per l,000) 

Less than l 1-4 years 5-14years Male/female ratio (percentage) 

Period Male Female Male Female Male Female 0-1 year 1-4 year 5-14 

1881-1890 167.0 141.0 96.6 94.7 38.7 42.6 118.4 102.0 90.8 
1891-1900 169.0 142.0 82.2 78.4 33.7 35.7 119.0 104.9 94.5 
1893-1997 182.5 149.0 83.8 80.0 34.1 36.0 122.5 104.8 94.9 
1898-1902 178.9 150.9 75.0 69.6 30.0 32.8 118.6 107.8 91.4 
1908-1912 162.2 132.6 62.3 60.4 27.3 26.7 122.3 103.2 102.5 
1920-1924 121.2 96.2 42.8 37.0 20.0 20.5 125.9 115.7 97.5 
1928-1932 109.1 84.9 32.3 28.1 19.6 18.4 128.5 114.7 106.7 

Sources: Life-tables for 1881-1890 and 1891-1900 by J.M.J. Leclerc, cited in Robert J. Andr6 and J. Pereira-Roque, La demographie de la 
Belgique au XJXe siecle (Brussels, Editions de l 'Universite de Bruxelles, 1974); for other periods, based on life-tables by D. Veys, Cohort Survival 
in Belgium in the Past 150 Years (Leuven, Belgium, Sociological Research Institute, 1983). 
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TABLEA.l (continued) 

Canada 

Probability of dying (per 1,000) 

Less than 1 l-4years 5-14years Male/female ratio (percentage) 

Period Male Female Male Female Male Female 0-1 year l-4year 5-14 

1831 185.7 162.4 135.0 135.8 59.0 65.7 114.4 99.4 89.8 
1841 187.0 164.0 129.7 129.9 54.8 58.9 114.l 99.8 93.0 
1851 186.6 163.6 126.l 126.0 52.7 55.9 114.0 100.l 94.2 
1861 189.2 166.4 125.4 125.1 51.l 53.5 113.7 100.3 95.4 
1871 175.9 153.5 114.6 113.8 49.5 52.l 114.6 100.6 95.1 
1881 164.6 143.0 101.l 99.6 45.0 46.3 115.1 101.5 97.1 
1891 165.1 143.6 99.4 97.8 43.6 46.4 115.0 101.6 94.0 
1901 144.2 124.0 78.8 76.4 37.2 36.8 116.3 103.0 101.0 
1911 121.9 103.3 58.8 56.1 30.4 29.0 117.9 104.9 104.8 
1921 93.0 76.7 38.7 36.1 23.9 22.l 121.2 107.3 108.1 
1931 79.6 65.1 28.9 26.5 19.1 16.9 122.3 109.3 113.5 

Source: R. Bourbeau and J. Ugare, Evolution de la morta/ite au Canada et au Quebec, 1831-1931 (Montreal, Presses de l'Universite de Montreal, 
1982). 

Czech Rel?ublic 

Probability of dying (per 1,000) 

Less than l l-4years 5-14years Male/female ratio (percentage) 

Period Male Female Male Female Male Female 0-1 year l-4year 5-14 

1869-1870 265.0 265.0 143.1 135.7 50.2 51.6 105.4 97.2 
1880-1881 264.0 264.0 155.7 150.4 61.5 63.9 103.5 96.3 
1890-1891 265.0 265.0 152.1 145.1 56.8 63.4 104.8 89.6 
1900-1901 225.0 225.0 98.1 98.1 36.8 44.0 100.0 83.6 
1910-1911 191.0 191.0 70.4 69.3 30.5 35.4 101.6 86.3 
1920-1922 186.0 152.0 42.6 39.9 25.3 25.5 122.4 106.8 99.3 
1929-1932 129.9 107.2 29.7 26.2 22.3 21.9 121.2 113.4 101.9 

Sources: Statistika a demogrqfie (Prague, Czechoslovak Academy of Sciences Press, 1959; DemogrqfickQ prirucka (Prague, Federal Statistical 
Office, 1982). 
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TABLEA.1 (continued) 

Denmark 

Probability of dying (per 1,000) 

Less than l l-4years $-14years Male/female ratio (percentage) 

Period Male Female Male Female Male Female 0-1 year l-4year $-14 

1840-1849 155.3 132.4 95.7 93.l 63.4 70.4 117.3 102.7 90.0 
1850-1859 147.8 124.l 99.4 98.l 72.3 76.8 119.l 101.3 94.l 
186o-1869 145.4 123.7 102.2 101.1 77.9 83.8 117.5 101.0 93.0 
1870-1879 148.3 127.5 81.0 80.0 60.9 67.5 116.3 101.3 90.3 
1880-1889 149.0 124.9 75.0 73.6 56.4 64.3 119.3 101.9 87.8 
189o-1900 148.6 122.3 62.7 61.S 45.0 Sl.6 121.S 101.9 87.2 
1901-1905 130.7 104.1 37.2 35.8 26.8 28.9 125.5 104.0 92.8 
1906-1910 120.7 97.7 30.8 29.6 20.5 22.l 123.5 103.9 92.8 
1911-1915 111.2 88.8 27.9 25.3 18.5 19.2 125.3 110.3 96.2 
1916-1920 102.5 80.9 30.2 28.6 21.1 22.5 126.7 105.9 93.7 
1921-1925 93.6 72.4 21.7 18.9 14.5 13.6 129.4 114.6 106.0 
1926-1930 91.3 71.1 19.0 16.5 12.6 10.7 128.4 114.8 117.2 

Source: Life-tables for Denmark (undated). 

Finland 

Probabill2'._ of dyin( (per 1,000) 

Less than l l-4years $-14years Male/female ratio (percentage) 

Period Male Female Male Female Male Female 0-1 year 1-4 year $-14 

1871-1875 172.2 150.7 129.9 125.7 67.5 65.l 114.3 103.4 103.6 
1876-1880 158.3 136.0 137.2 132.0 73.9 75.8 116.4 104.0 97.5 
1881-1885 153.0 132.2 140.2 132.l 80.9 79.1 115.8 106.1 102.3 
1886-1890 139.9 118.1 112.1 106.6 61.2 61.8 118.4 105.2 99.0 
1891-1895 139.9 119.2 122.8 116.1 72.0 72.2 117.3 105.8 99.7 
1896-1900 134.0 114.8 103.3 94.8 60.8 64.8 116.7 109.0 93.8 
1901-1905 127.5 108.2 100.3 94.6 64.l 70.5 117.8 106.0 90.8 
1906-1910 114.9 97.6 87.9 84.0 56.7 63.8 117.8 104.7 88.9 
1911-1915 108.1 90.6 70.8 68.7 45.7 51.5 119.4 103.0 88.8 
1916-1920 111.3 95.2 90.4 87.7 61.l 64.4 116.9 103.1 95.0 
1921-1925 94.4 79.4 52.0 48.5 34.l 36.5 118.9 107.2 93.5 
1926-1930 88.l 72.93 41.66 38.71 31.8 31.8 120.8 107.6 100.0 

Source: A. Strommer, The Demographic Transition in Finland (Tomio, Finland, 1969). 
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TABLEA.l (continued) 

France 

Probability of dying (per 1,000) 

Less than 1 J-4years 5-14 years Male/female ratio (percentage) 

Period Male Female Male Female Male Female 0-1 year l-4year 5-14 

1740-1749 317.0 275.0 253.0 253.0 155.5 147.0 ll5.3 100.0 105.7 
1750-1759 291.0 263.0 236.0 242.0 123.4 119.0 ll0.6 97.5 103.7 
1760-1769 307.0 256.0 255.0 235.0 ll8.6 124.5 119.9 108.5 95.3 
1770-1779 292.0 254.0 239.0 233.0 125.l 122.5 ll5.0 102.6 102.1 
1780-1789 291.0 265.0 234.0 243.0 124.6 123.6 109.8 96.3 100.8 
1806-1810 203.4 176.9 148.1 149.4 85.6 84.5 115.0 99.l 101.3 
1810-1814 202.0 174.4 142.l 141.5 86.8 86.3 115.8 100.5 100.6 
1815-1819 196.6 168.8 140.5 139.9 82.2 84.8 116.5 100.4 96.9 
1820-1824 201.4 172.8 140.7 139.5 81.l 83.9 116.5 100.8 96.6 
1825-1829 200.6 172.9 145.8 145.3 83.6 87.4 116.0 100.3 95.6 
1830-1834 199.2 169.3 147.8 146.8 85.4 90.4 117.7 100.7 94.5 
1835-1839 180.0 155.7 132.8 131.4 71.6 77.4 115.6 101.1 92.6 
1840-1844 170.3 147.8 131.1 128.7 71.9 78.9 ll5.2 101.9 91.2 
1845-1849 172.5 149.6 132.0 130.7 72.2 78.4 115.3 101.0 92.0 
1850-1854 172.0 146.7 128.5 126.4 69.1 74.7 117.3 101.6 92.5 
1855-1859 198.5 169.5 140.5 140.6 77.1 83.1 117. l 99.9 92.7 
1860-1864 1.85.0 157.1 121.2 123.6 58.5 64.6 117.8 98.1 90.5 
1865-1869 191.4 164.7 122.9 122.4 57.6 62.4 116.2 100.4 92.3 
1870-1874 199.8 171.3 130.9 125.9 67.4 72.4 116.6 103.9 93.1 
1875-1879 177.6 149.7 103.4 103.5 49.1 53.2 ll8.6 99.9 92.2 
1880-1884 184.8 155.6 106.3 103.3 51.5 57.4 118.8 102.9 89.8 
1885-1889 176.5 148.2 104.1 99.0 45.8 51.7 ll9.0 105.1 88.6 
1890-1894 184.8 153.4 95.9 92.4 41.8 47.1 120.5 103.8 88.8 
1895-1899 177.6 147.9 76.3 73.5 35.7 39.8 120.1 103.7 89.8 
1900-1904 161.0 135.3 66.7 64.0 35.6 39.2 ll9.0 104.2 90.7 
1905-1909 146.9 121.8 58.3 55.8 30.2 33.9 120.6 104.4 89.1 
1910-1914 135.2 ll2.1 53.8 52.4 26.7 30.l 120.7 102.7 88.7 
1915-1919 145.5 120.7 62.8 60.5 34.4 38.9 120.6 103.9 88.4 
1920-1924 113.6 91.7 39.8 37.8 22.7 24.5 123.9 105.4 92.6 
1925-1929 105.4 84.1 37.9 35.4 21.0 22.2 125.3 106.9 94.5 

Sources: Y. Blayo, "La mortalite en France de 1740 a 1829", Population (Paris), vol. 30 (1975), pp. 123-142, for estimates referring to 1740-1789; 
other estimates by the authors based on life-tables in France Mesic and Jacques Vallin, "Reconstitution des tables annuelles de mortalite pour la 
France au XIXe siecle", Population (Paris), vol. 44, No. 6 (1989), pp. 1122-1158. 

Greece 

Probability of dying (per 1,000) 

Less than 1 l-4years 5-14 years Male/female ratio (percentage) 

Period Male Female Male Female Male Female 0-1 year l-4year 5-14 

1928 98.2 96.9 113.8 ll4.8 44.6 45.9 101.4 99.1 97.l 

Source: S. Preston, N. Keyfitz and R. Schoen, Causes of Death, Life-Tables for National Populations (New York, Seminar Press, 1972). 
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Period Male 

1900-1901 249.l 
1910-1911 215.4 
1920-1921 207.2 
1930-1931 179.l 

TABLE A. I (continued) 

Hungary 

Probability of dyin1, (per 1,000) 

Less than 1 l-4years 5-14years 

Female Male Female Male Female 

196.6 132.4 131.3 73.4 81.0 
184.5 121.l 120.8 6S.4 72.0 
177.4 105.3 102.0 57.5 60.3 
141.S 50.3 49.1 28.6 30.6 

Male/female ratio (percentage) 

0-1 year 1-4 year 5-14 

126.7 
116.7 
116.8 
126.5 

100.8 
100.3 
103.2 
102.6 

90.7 
90.9 
95.3 
93.5 

Source: Hungary, Central Statistical Office, Magyararszag Halandasagi Tablai, 1900-1968 (Budapest, 1971and1972). 

Ireland 

Probabili~ oL dyin1, (per 1,000) 

Less than 1 l-4years 5-14years Male/female ratio (percentage) 

Period Male Female Male Female Male Female 0-1 year l-4year 5-14 

1864-1870 168.7 153.8 41.8 44.1 109.7 94.7 
1871-1880 180.9 165.6 40.7 45.l 109.2 90.2 
1881-1890 166.5 lSl.O 36.6 42.6 110.3 86.0 
1891-1900 171.7 154.1 32.8 39.5 111.4 83.1 
1901-1910 159.6 142.2 29.3 36.3 112.2 80.8 
1911-1920 143.0 126.4 28.6 34.3 113.1 83.5 
1920-1929 113.5 98.7 21.9 24.6 llS.O 88.9 

1930 105.4 86.l 21.2 21.8 122.5 97.5 

Source: Ireland, Central Statistics Office, Annual Report (Corlt, 1930); probabilities for age group 0-1 by sex are not available. 

Ital 

Probablli~ oL dyin( (per 1,000) 

Less than 1 l-4years 5-14years Male/female ratio (percentage) 

Period Male Female Male Female Male Female 0-1 ~ar l-4year 5-14 

1887 214.7 193.0 209.7 209.l 80.1 89.4 111.2 100.3 89.6 
1895 200.9 176.6 171.8 172.6 60.2 66.3 113.8 99.5 90.8 
1900 174.7 154.6 154.2 151.6 54.l 55.3 113.0 101.7 97.8 
1910 162.0 145.2 129.2 126.4 53.9 54.8 111.6 102.2 98.4 
1920 157.0 143.8 133.9 134.7 59.0 59.4 109.2 99.4 99.3 
1930 128.4 113.2 73.7 72.2 26.1 25.2 113.4 102.1 103.6 

Source: G. Caselli and V. Egidi, "A new insight into morbidity and mortality transition in Italy, Genus (Rome), Nos. 3 and 4 (1991), pp. 1-29. 
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TABLE A. I. (continued) 

Japan 

Probability ol dyln( (per l,000) 

uuthanl 1-4 years 5-Uyears Male/female ratio (percentage) 

Period Male Female Male Female Male Female 0-1 year J-4year 5-U 

1883-1888 2!53.2 209.S 13!5.9 132.8 !56.0 67.9 120.9 102.3 82.4 
1891-1898 149.0 133.8 104.2 99.2 !54.7 ss.o 111.3 10!5.0 99.6 
1899-1903 1!56.9 140.9 88.1 88.1 42.7 48.1 111.3 100.0 88.8 
1909-1913 160.S 14!5.0 89.8 89.8 40.8 !50.4 110.7 100.0 81.0 
1921-192!5 162.0 144.0 98.2 99.2 41.0 50.0 112.5 99.0 82.0 
1926-1930 140.1 124.1 87.6 88.1 3!5.1 41.9 112.9 99.4 83.9 

Sources:Japan, Ministry of Health and Welfare, Statistics and Information Department, The Life-Tables (Tokyo, 1987); and S. Takahashi," An 
IUcmpt to estimate vital statistics in Meiji period based on Honseki population date", Kokumin kizai Zasshi (Kobe, Japan), vol. 163, No. S (1993), 
pp. 39-58, for 1883-1888. 

New Zealand (non-Maori only) 

Probability ol dying (per 1,000) 

Leu than J l-4years 5-Uyears Male/female ratio (percentage) 

Period Male Female Male Female Male Female 0-1 year l-4year 5-U 

1876 109.0 96.0 49.0 49.0 32.7 32.7 113.S 100.0 100.0 
1881 99.0 83.0 43.0 41.0 31.8 29.8 119.3 104.9 106.7 
1886 98.0 81.0 39.0 37.0 28.8 26.8 12J.O 10!5.4 107.4 
1891 97.0 77.0 3!5.0 33.0 24.8 22.9 126.0 106.1 108.6 
1896 88.0 72.0 27.0 19.9 17.9 122.2 112.S 111.1 
1901 83.0 69.0 26.0 24.0 19.9 17.9 120.3 108.3 111.1 
1906 78.0 62.0 23.0 22.0 17.9 16.9 12!5.8 104.S 10!5.9 

Source: Ian Pool, "Changing patterns of sex differentials in survival: an examination of data for Maoris and non-Maoris in New Zealand", in 
S.% Differentials In Mortality, Trends, Determinants and Consequences, Alan D. Lopez and Lado Ruzicka, eds. (Canberra, Australian National 
University, 1983). 

Norway 

Probability of dyin8_ (per 1,000) 

ussthanl 1-4 years 5-Uyears Male/female ratio (percentage) 

Period Male Female Male Female Male Female 0-1 year l-4year 5-U 

1910 74.8 61.3 30.9 28.7 30.S 33.1 121.9 107.9 92.0 
1920 64.7 50.3 26.5 24.0 29.8 28.4 128.7 110.5 104.9 
1930 !50.3 40.6 16.6 13.6 17.S 12.3 124.0 122.7 141.8 

Source: S. Preston, N. Kcyfitz and R. Schoen, Causes of Death, Life-Tables/or National Populations (New York, Seminar Press, 1972). 
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TABLEA.I (continued) 

The Netherlands 

Probability of. dying (per I, 000) 

Less than I l-4years J-14years Male/female ratio (percentage) 

Period Male Female Male Female Male Female 0-1 year 1-4 year J-14 

1850-1854 223.7 192.1 129.2 127.0 61.2 66.6 116.4 101.8 91.9 
1855-1859 249.2 214.0 158.6 157.1 81.2 84.0 116.4 101.0 96.6 
1860-1864 232.6 198.6 144.0 144.3 75.9 79.5 117.2 99.8 95.4 
1865-1869 245.l 209.0 137.0 134.5 74.8 75.9 117.3 101.9 98.5 
1870-1874 255.4 215.5 137.0 134.8 71.5 72.2 118.5 101.6 99.1 
1875-1879 241.8 201.8 112.3 109.1 50.6 51.9 119.8 102.9 97.4 
1880-1884 232.5 192.7 111.0 108.l 47.5 48.8 120.6 102.7 97.4 
1885-1889 213.5 177.6 105.8 102.5 46.2 47.8 120.2 103.2 96.8 
1890-1894 203.4 168.6 92.6 89.4 39.0 41.5 120.7 103.5 94.0 
1895-1899 188.1 156.6 72.2 69.8 31.0 32.2 120.I 103.5 96.3 
1900-1904 173.9 144.7 70.9 65.7 30.3 31.3 120.2 107.8 97.0 
1905-1909 146.2 121.7 57.6 52.8 25.2 25.4 120.2 109.1 99.3 
1910-1914 126.6 105.9 47.0 44.6 21.6 21.2 119.5 105.3 101.9 
1920-1924 87.5 69.1 32.2 28.9 16.6 15.9 126.5 111.S 104.7 
1925-1929 65.9 50.3 28.0 24.0 16.3 14.1 131.l 116.5 115.2 

Source: Diskette issued by the Netherlands Interdisciplinary Demographic Institute, 1994. 

Portu al 

Probabili~ of dying (per 1,000) 

Less than I l-4years J-14years Male/female ratio (percentage) 

Male Female Male Female Male Female 0-1 year l-4year J-14 

1920 ...... 259.3 219.3 170.0 166.l 62.9 60.5 118.3 102.3 104.0 
1930 ...... 195.6 165.5 90.2 87.4 25.6 25.4 118.2 103.2 100.8 

Source: S. Preston, N. Keytitz and R. Schoen, Causes of Death, Life-Tables/or National Populations (New York, Seminar Press, 1972). 

Quebec 

Probabili~ of. dying (per 1,000) 

Less than I l-4years J-14years Male/female ratio (percentage) 

Period Male Female Male Female Male Female 0-1 year l-4year J-14 

1831 192.5 169.5 137.0 137.0 57.5 62.1 113.6 100.0 92.5 
1841 191.8 169.0 133.0 134.0 54.9 58.9 113.5 99.3 93.1 
1851 191.0 168.0 129.0 129.0 52.7 57.4 113.7 100.0 91.8 
1861 189.5 168.0 125.0 125.l 50.3 53.2 112.8 99.9 94.6 
1871 189.0 167.0 123.0 123.5 49.4 51.5 113.2 99.6 96.0 
1881 173.8 151.5 111.0 120.0 48.5 50.6 114.7 92.5 96.0 
1891 164.8 142.8 103.0 102.0 46.4 48.6 115.4 101.0 95.5 
1901 155.0 134.0 91.S 89.0 41.9 42.8 115.7 102.8 97.7 
1911 130.0 110.5 70.4 68.0 36.7 37.0 117.6 103.5 99.2 
1921 109.0 91.6 51.8 49.7 29.6 28.7 119.0 104.2 102.8 
1931 84.8 69.9 35.4 36.0 23.7 22.4 121.3 98.5 105.7 

Source: R. Bourbeau and J. Legare, Evolution de la mortalite au Canada et au Quebec, I 831-1931 (Montteal, Presses de l 'Universite de Montreal, 
1982). 
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Period 

1874-1883 
1896-1897 
1907-1910 
1926-1927 

Male 

327.2 
302.9 
275.6 
221.3 

TABLE A. I. (continued) 

R1111la 

Probability of dying (per 1,000) 

Leu than l l-4years 5-Uyears 

Female Male Female Male Female 

283.3 245.9 228.l 108.7 98.8 
265.l 202.4 196.8 83.7 84.3 
243.l 186.7 179.2 77.6 77.l 
191.2 133.0 125.0 47.7 44.8 

Male/female ratio (percentage) 

0-1 year J-4year 5-14 

115.5 107.8 110.0 
114.2 102.9 99.3 
113.4 104.2 100.5 
115.8 106.3 106.4 

Source: Former USSR, 06partement de l'l!conomie et des statistiques du Gosplan, Mortalite et dwie de la vie de la population de l'URSS. tables 
de mortaltte (Moscow, 1930); there are certain differences in the territory covered over the four dates. 

Spain 

Probability of dying (per 1,000) 

Leu than l 1-4 years 5-14years Male/female ratio (percentage) 

Period Male Female Male Female Male Female 0-1 year 1-4 year 5-14 

1930 149.7 129.7 93.4 90.0 31.1 30.5 115.5 103.8 102.0 

Source: S. Preston, N. Keyfitz and R. Schoen, Causes of Death, Life-Tables for National Populations (New York, Seminar Press, 1972). 

Sweden 

Probability of. dying (per l, 000) 

Leu than l l-4years 5-14years Male/female ratio (percentage) 

Period Male Female Male Female Male Female 0-1 year l-4year 5-14 

1751-1760 214.0 194.0 146.l 140.0 93.2 87.8 110.3 104.4 106.2 
1761-1770 226.0 206.0 149.6 144.8 97.0 91.1 109.7 103.3 106.4 
1771-1780 211.0 192.0 173.7 167.l 121.5 108.3 109.9 104.0 112.2 
1781-1790 209.0 190.0 160.3 154.2 107.0 98.5 110.0 104.0 108.6 
1791-1800 207.0 184.0 133.7 127.l 76.7 72.4 112.5 105.2 106.0 
1801-1810 211.0 185.0 141.6 133.0 96.0 88.l 114.1 106.4 109.0 
1811-1820 196.0 170.0 133.8 125.0 75.8 71.2 115.3 107.0 106.4 
1821-1830 179.0 155.0 104.2 97.3 60.2 57.0 115.5 107.2 105.7 
1831-1840 179.0 154.0 98.l 91.4 61.1 56.9 116.2 107.3 107.4 
1841-1850 165.0 141.0 94.7 87.0 61.8 56.7 117.0 108.8 109.0 
1851-1860 157.0 134.0 116.4 107.5 82.3 75.6 117.2 108.3 108.8 
1861-1870 149.0 128.0 117.l 110.9 67.0 63.3 116.4 105.6 105.8 
1871-1880 140.0 119.0 98.2 93.9 61.5 61.3 117.6 104.6 100.3 
1881-1890 120.0 101.0 86.0 82.5 57.0 57.4 118.8 104.2 99.3 
1891-1900 111.0 92.0 67.l 64.5 45.7 47.7 120.7 104.1 95.9 
1901-1910 93.0 76.0 47.0 44.7 34.3 36.7 122.4 105.3 93.4 
1911-1920 77.0 62.0 36.4 34.7 31.1 32.2 124.2 105.0 96.4 
1921-1930 66.0 51.0 22.3 19.7 18.8 18.8 129.4 113.2 99.7 

Source: Sweden, National Central Bureau of Statistics, Historical Statistics of Sweden, part I, Population! 1720-1967 (Stockholm, 1969). 
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TABLEA.l (continued) 

Switzerland 

Probability o[. dyln1Jper 1,000) 

Less than 1 l-4years J-Uyears Male/female ratio (percentage) 

Period Male Female Male Female Male Female 0-1 year l-4l!_ar 5-U 

1876-1880 204.2 171.9 81.6 82.0 49.8 51.8 118.8 99.5 96.2 
1881-1888 182.0 151.6 70.3 69.9 40.2 42.7 120.0 100.6 94.3 
1889-1900 165.0 135.8 58.3 56.0 35.1 36.7 121.S 104.1 95.5 
1901-1910 138.4 112.6 42.8 41.6 25.9 27.8 122.9 103.1 92.9 
1910-1911 128.3 104.3 38.5 37.5 25.2 26.6 123.1 102.6 95.0 
1920-1921 90.S 70.2 31.6 30.4 25.2 24.8 129.0 103.9 101.7 
1921-1930 66.7 52.5 21.2 19.4 17.5 16.0 127.1 109.2 109.5 
1929-1932 56.2 44.1 17.7 16.5 16.5 14.8 127.4 106.8 111.9 

Source: Switzerland, Bureau federal de statistlque, Tables de mortalite de la population sulsse, 1876-1932, Contributions a la statistlque suisse, 
4e fascicule (Berne, 1935). 

En1land and Wales 

Probabilirl. o[. dyinr. (per l,000) 

Less than l 1-4 years 5-Uyears Male/female ratio (percentage) 

Period Male Female Male Female Male Female 0-1 ):!QI' 1-4 l!_a1' J-U 

1841-1845 162 133 33.1 33.6 121.8 98.6. 
1846-1850 172 142 36.2 36.2 121.1 100.0 
1850-1855 172 141 34.1 33.6 122.0 101.4 
1856-1860 166 137 31.5 32.2 121.2 97.8 
1861-1865 166 136 136.8 133.0 32.2 31.9 122.1 102.8 100.7 
i866-1870 170 142 133.7 130.7 29.8 28.6 119.7 102.3 104.2 
1871-1875 167 138 115.3 111.5 27.2 26.0 121.0 103.4 104.6 
1876-1880 159 130 121.5 115.3 23.8 23.1 122.3 105.4 103.1 
1881-1885 152 125 104.5 99.2 22.4 22.1 121.6 105.3 101.1 
1886-1890 159 131 102.4 96.7 19.0 19.2 121.4 105.8 98.7 
1891-1895 165 135 96.0 92.1 17.5 18.0. 122.2 104.2 97.3 
1896-1900 170 141 91.4 87.1 15.8 16.3 120.6 104.9 97.0 
1901-1905 151 124 76.6 73.4 14.3 14.8 121.8 104.5 96.7 
1906-1910 129 105 67.9 64.2 13.1 13.6 122.9 105.7 96.4 
1911-1915 121 97 64.2 60.5 13.4 13.6 124.7 106.1 98.2 
1916-1920 101 79 57.5 55.3 15.3 15.8 127.8 104.0 96.9 
1921-1925 86 66 41.3 37.9 10.7 10.2 130.3 109.0 104.8 
1926-1930 77 59 35.2 31.8 10.2 9.4 130.5 110.9 107.8 

Source: United Kingdom of Great Britain and Northern Ireland, Office of Population Censuses and Surveys, Mortality Statistics, 1841-1990, 
Series DHI (London, 1992). 

United States 

Probabillrl. o[. dyin( (per 1,000) 

Less than 1 1-4 years 5-Uyears Male/female ratio (percentage) 

Period Male Female Male Female Male Female 0-1 l!_ar 1-4 l!_ar J-U 

1900 146.0 119.7 79.8 75.3 37.3 37.6 121.9 106.1 99.2 
1910 120.1 98.3 57.8 53.7 29.7 28.1 122.2 107.6 105.6 
1920 85.9 67.7 40.4 37.6 27.5 24.3 126.9 107.3 113.1 
1930 65.0 51.8 23.8 20.9 18.8 15.2 125.4 113.8 123.7 

Source: J. Faber and A.H. Wade, Life-Tables for the United States: 1900-1050, Actuarial Study, No. 89 (Washington, D. C., United States 
Department of Health and Human Services, 1983). 
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TABLE A.2. DEFINITION OF "MODERN HEALTH FACILITY USE" VARIABLE BY OHS 

Definition of modern health facility 

Rsgion and country H PUH PRH HC PUHC CL PRCL PHD D PRD 0 

Eastern and Southern Africa 

Botswana x x x x x 
Burundi x x x 
Kenya x x x 
Sudan x x x x 
Uganda x x x x x u 

Zimbabwe x z 

Northern Africa 

Egypt x x e 

Morocco x x x x m 

Tunisia x x x x 
Western Africa 

Ghana x x x 
Togo 

Southern and South-eastern 
Asia 

Sri Lanka x x x 
Thailand x x x 

Central and South America 

Bolivia x x x x x 
Brazil x x x 
Colombia x x x 
Dominican Republic x x x 
El Salvador x x s 

Guatemala x x x x x 
Peru x x x 
Trinidad and Tobyo x x x 

Key: H hospital PRCL private clinic u fieldworker 
PUH public hospital PHO pharmacy/dispensary z health facility 
PRH private hospital D doctor t health facility 
HC health centre PRD private doctor e government health service 
PUHC public health centre 0 other modem facility/provider m first aid post 
CL clinic s nurse/midwife/first aid post 
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TABLE A.3. EsTIMATED EFFECTS OF SEX COMPOSmON OF SURVIVING CHILDREN AND OTIIBR COVARIATES ON 
PARITY PROGRESSION: EGYPT, WOMEN WHO GA VE BIR'IHS OF INITIAL PARITY IN 1979~ 1983 

Covariates 3rd to 4th 4th to 5th 5th to 6th 

Sex composition of surviving children 
(reference: last is M, have other M and F) 
Last is M, all others are F ......................... . 0.04763 0.22200 0.45907 
Last is M, all others are M ........................ . 0.36176• 0.27943 0.22633 
Last is F, have other M ........................... . 0.34054• 0.30864• 0.36062• 
Last is F, all others are F .......................... . 0.58806• 0.45912• 0.57259* 

Death of index child (reference: no death) 
1st year after death of index child ................... . 0.30018 l.37809* 0.75516 
2nd year after death of index child .................. . 1.71199• 1.42276• 0.81036• 
3rd year after death of index child .................. . 1.07874"' 0.91927"' 0.51038 
4th year after death of index child .................. . 0.43047 0.95171 0.43535 
5th year after death of index child .................. . 0.53348 0.88628 1.12891"' 

Last is M, all others are F, last child died ............... . 0.25973 -0.69150 -0.62874 
Last is M, all others are M, last child died .............. . -0.94110* -0.43421 0.34713 
Last is F, have other M, last child died ................ . -0.31957 -0.89647 -0.38256 
Last is F, all others are F, last child died ............... . -l.19909"' -0.44879 -0.15072 
Maternal age at last birth ........................... . -0.06037• -0.06292"' -0.08261• 
Mother's childhood residence 
(reference: urban governorate) 
Village ........................................ . -0.32743• -0.67146"' -0.34303 
Town ......................................... . -0.38976• -0.65246* -0.25574 

Mother's residence (reference: urban governorate) 
Lower Egypt, urban ............................. . -0.13149 -0.01436 -0.01454 
Lower Egypt, rural .............................. . -0.00332 0.09528 0.54725• 
Upper Egypt, urban .............................. . 0.19077 0.49704• 0.79254* 
Upper Egypt, rural .............................. . 0.14864 0.30224 0.65254• 

Religion is Christianity ............................ . 0.00171 -0.16260 -0.05725 
Mother had more than primary education .............. . -0.45881* -0.53959 0.11763 
Father had more than primary education ............... . -0.12917 -0.15873 -0.09482 
Father's occupation (reference: self employed agriculture) 

Agriculture, employed ........................... . -0.04048 -0.10076 0.15660 
White collar or skilled ............................ . -0.18471 0.09534 0.01028 
Unskilled ...................................... . -0.13536 -0.06897 0.14084 

Time since birth of index child (reference: 1st year) 
2nd year ...................................... . 1.26036* l.99822"' 1.62023* 
3rd year ....................................... . 1.24722* 2.62664• 2.17174• 
4th year ....................................... . 1.12312"' 2.44327"' 2.19259* 
5th year ....................................... . 
6th year ....................................... . 
7th year ....................................... . 

0.36815 2.09180• 1.96461 * 
0.17750 1.91470* 1.25593• 
0.00000 1.56367• 0.70705 

Constant ....................................... . -0.38506 -1.81101"' -1.29551"' 

Source: Individual records from 1988 Egypt Demographic and Health Survey. 
NOTES: Effects are estimated by discrete hazard models; women with multiple births excluded from analysis. 
An asterisk(*) indicates p < O.OS. 
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TABLE A.4. ESTIMATED EFFECTS OF SEX COMPOSffiON OF SURVIVING CHILDREN AND OTHER COVARIATES ON 
CHILD MORTALITY (AGES 2·5): EGYPT, CHILDREN OF BIRTII ORDER 3-9 BORN IN 1979-1983 

Covariates 

Sex composition of surviving children 
(reference: last is M, all others are F) 
Last is M, some other M ............................. . 
Last is F, all others are M ............................ . 
Last is F, some other F .............................. . 
Last is F, all others are F ............................. . 

Next child is born with interval < 24 months ............... . 
Family experienced previous child death (reference: none) 

One ............................................. . 
More than one ..................................... . 

Total number of surviving children ...................... . 
Maternal age ........................................ . 
Mother's childhood residence (reference: urban governorate) 

Rural ............................................ . 
Town ............................................ . 

Mother's residence (reference: urban governorate) 
Lower Egypt, urban ................................. . 
Lower Egypt, rural ................................. . 
Upper Egypt, urban ................................. . 
Upper Egypt, rural ................................. . 

Mother's religion is Christianity ........................ . 
Mother had more than primary education ................. . 
Father had more than primary education .................. . 
Father's occupation (reference: self employed agriculture) 

Agriculture, employed .............................. . 
White collar or skilled ............................... . 
Unskilled ......................................... . 

Year of birth ........................................ . 
Age (four is used as reference) 

Two ............................................. . 
Three ............................................ . 

Constant ........................................... . 

Gross effects 
model 

1.08088 
0.66857 
1.37431 • 
1.18557 

-0.03618 

2.09349• 
0.91436 

-4.51801 

Source: Individual records from 1988 Egypt Demographic and Health Survey. 

Intermediate 
model 

1.08499 
0.62271 
1.34546• 
1.10711 
0.77996• 

-0.02908 

2.09284• 
0.91352 

-5.32627 

NoTES: Effects estimated by discrete hazard models; multiple births excluded from analysis. 
An asterisk(*) indicates that p < 0.05. 
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Net effects 
model 

0.94979 
0.47677 
1.16986 
1.04146 
0.60681* 

0.48818 
0.13605 
0.02014 

-0.00264 

-0.51190 
0.15038 

0.55469 
1.37000 
0.89467 
1.58160* 
0.24007 
0.36844 

-1.25019 

-0.04931 
-0.09875 
0.22334 

-0.02107 

2.09064* 
0.91325 

-7.09934 



TABLE A.5. ESTIMATED EFFECTS OF SEX COMPOSmON OF SURVIVING CHILDREN AND OTIIBR COVARIATES ON 
PARITY PROGRESSION: BANGLADESH, WOMEN WHO GA VE BIRTHS OF INITIAL PARITY IN 1979-1983 

Covariates 3rd to 4th 4th to 5th 

Sex composition of surviving children 
(reference: last is M, have other M and F) 
Last is M, all others are F ......................... . 0.34044• 0.60356* 
Last is M, all others are M ....................... .. 0.18306 0.31613* 
Last is F, have other M ........................... . 0.37095• 0.17655 
Last is F, all others are F .......................... . 0.61162* 0.35580• 

Death of index child (reference: no death) 
1st year after death of index child ................... . 1.55343• 1.50001 • 
2nd year after death of index child .................. . 1.48810• 1.68599• 
3rd year after death of index child .................. . 0.88687• 0.86384• 
4th year after death of index child .................. . 0.07142 0.47276 
5th year after death of index child .................. . -0.50285 0.91131 

Last is M, all others are F, last child died ............... . 0.11594 -0.46636 
Last is M, all others are M, last child died .............. . -0.70459• -0.30717 
Last is F, have other M, last child died ................ . -0.40736 -0.46368 
Last is F, all others are F, last child died ............... . -0.32379 -0.27285 
Maternal age at last birth ........................... . -0.09142• -0.11394* 
Mother's childhood residence (reference: city) 

Village ........................................ . 0.37874 0.07326 
Town ......................................... . 0.15752 -0.18756 

Mother's residence (reference: city) 
Rural ......................................... . -0.09072 0.29512 
Urban ........................................ . 0.03232 0.02287 

Division (reference: Chittagong) 
Dhaka ........................................ . -0.41558• -0.45608• 
Khulna ........................................ . -0.48057• -0.57707• 
Rajshahi ...................................... . -0.46283• -0.45917• 

Religion is Muslim ................................ . :0.11983 -0.33421 • 
Mother's education (reference: none) 

Lower primary education ......................... . -0.08521 0.03327 
Upper primary or more education ................... . -0.28629* -0.24074 

Father's education (reference: none) 
Primary education ............................... . 0.12376 -0.08728 
Secondary education ............................. . 0.82141 -0.47603 
More than secondary education .................... . -0.94222 0.07877 

Father's occupation (reference: business/service/sales) 
Agriculture/fishing/domestic ...................... . 0.01598 -0.05428 
Others ........................................ . -0.14960 0.11637 

Mother has low level of independence ................. . 0.34499* 0.06759 
Time since birth of index child (reference: 1st year) 

2nd year ...................................... . 3.53556• 3.32996* 
3rd year ....................................... . 5.09329* 4.72851• 
4th year ....................................... . 5.21266* 4.63709• 
5th year ....................................... . 4.32201* 3.68651* 
6th year ....................................... . 3.79394* 2.91557• 
7th year ....................................... . 3.49779• 2.23674* 

Constant ....................................... . -3.72552* -2.26067* 

Source: Individual records from 1988 Egypt Demographic and Health Survey. 
NOTES: Effects estimated by discrete hazard models; women with multiple births excluded from analysis. 
An asterisk(*) indicates that p < 0.05. 
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5th to 6th 

0.88896• 
-0.00317 
0.29054• 
0.62811 * 

1.00859* 
1.30295• 
0.58006* 
0.45793 
0.08279 

-0.78459 
-0.27199 
-0.32545 
-0.71524 
-0.09855* 

0.52719 
0.32987 

0.26998 
0.12438 

-0.15680 
-0.52301 * 
-0.28453* 
-0.22124 

-0.25287 
-0.40512 

-0.02815 
-0.40538 
0.18015 

-0.07198 
-0.14441 
0.51708• 

3.09327• 
4.45862• 
4.40179• 
3.31180• 
2.59187• 
2.40234* 

-3.12776• 



TABLE A.6. ESTIMATED EFFECTS OF SEX COMPOSmON OF SURVIVING CHILDREN AND OTHER COVARIATES ON 
CHILD MORTALITY (AGES 2-5): BANGLADESH, CHILDREN OF BIR111ORDER3-9 BORN IN 1979-1983 

Covariates 

Sex composition of surviving children 
(reference: last is M, all others are F) 
Last is M, some other M ............................. . 
Last is F, all others are M ............................ . 
Last is F, some other F .............................. . 
Last is F, all others are F ............................. . 

Next child is born with interval < 24 months ............... . 
Family experienced previous child death (reference: none) 

One ............................................. . 
More than one ..................................... . 

Total number of surviving children ...................... . 
Maternal age ........................................ . 
Mother's residence (reference: city) 

Rural ............................................ . 
Town ............................................ . 

Division (reference: Chittagong) 
Dhaka ........................................... . 
Khulna ........................................... . 
Rajshahi ......................................... . 

Mother's religion is Muslim ............................ . 
Mother's education (reference: none) 

Lower primary education ............................ . 
Upper primary or more education ...................... . 

Father's education (reference: none or primary) 
Secondary education ................................ . 
More than secondary education ....................... . 

Father's occupation (business/service/sages is used as reference) 
Agriculture/fishing/domestic ......................... . 
Others ........................................... . 

Year of birth ........................................ . 
Age (4 is used as reference) 

Two ............................................. . 
Three ............................................ . 

Constant ........................................... . 

Source: Individual records from 1989 Banglodesh Fertility Survey. 

Gross effects 
model 

0.31407 
0.82780• 
0.76444• 
0.39319 

-0.0671 

1.56691 • 
1.33993• 

-0.63318 

Intermediate 
model 

0.31793 
0.82414• 
0.75018• 
0.39319 
0.51992• 

-0.06955 

1.56528• 
1.33968• 

-0.51938 

NOTES: Effects estimated by discrete hazard models; multiple births excluded from analysis. 
An asterisk (*) indicates that p < 0.05. 
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Net effects 
model 

0.29250 
0.80281• 
0.73156* 
0.35549 
0.43172• 

-0.20576 
-0.14704 
0.04960 

-0.03149 

-0.08690 
-0.00031 

-0.28836 
-0.24277 
-0.34681 
0.44078 

-0.18409 
-0.66054• 

-0.19695 
-0.87197 

0.25459 
0.19619 

-0.06910 

1.56160• 
1.33928• 
0.12964 



TABLE A. 7. ESTIMATED EFFECTS OF SEX COMPOSmON OF SURVIVING CHILDREN AND 01HER COVARIA1ES ON 
PARl1Y PROGRESSION: REPUBLIC OF KOREA, WOMEN WHO GA VE BIR1HS OF INmAL PAR11Y IN 1975-1984 

Year of 
last birth 

1975-1979 

1975-1979 

Covariates 

Have a surviving son ............... 
Maternal age at last birth 0 0 I 0 0 o 0 o 0 0 0 o 

Years of education ................. 
Mother's residence (reference: rural) 

Metropolitan .................... 
Other urban ..................... 

Mother's childhood residence 
(reference: rural) 
Metro .......................... 
Other urban ..................... 

Does not agree with "must have a son" . 

Have a surviving son ............... 
Maternal age at last birth ............ 
Years of education ................. 
Mother's residence (reference: rural) 

Metropolitan .................... 
Other urban ..................... 

Mother's childhood residence 
(reference: rural) 
Metropolitan .................... 
Other urban ..................... 

Does not agree with "must have a son" . 

lstto2nd 

-0.1665* 
-0.0329• 
0.0154 

-0.0185 
-0.0272 

-0.1214 
-0.0272 
-0.2336* 

-0.2063* 
-0.0458* 
0.0138 

-0.1817* 
-0.0931 

-0.1765* 
-0.0723 
-0.3446* 

Source: Individual records from 1991 National Survey of Fertility and Family Health. 

2nd to 3rd 3rd to 4th 

-1.0737* -1.6351* 
-o.os44• -0.0432 
-0.0411* -0.0190 

-0.3417* -0.5590* 
-0.1275 -0.3041 

-0.3212* -0.1208 
-0.1777 -0.0742 
-0.4198* -0.5238* 

-1.7871 * -2.2863* 
0.0027 -0.0710 

-0.0747* -0.1194* 

-0.4589* -0.3352 
-0.3126* -0.2354 

-0.3810* -0.6777 
0.0361 -0.1552 

-0.7004* -0.6023* 

NOTES: Effects estimated by hazard models; women with multiple births and women whose index child died excluded 
from analysis. 

An asterisk(•) indicates that p < O.OS. 
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TABLEA.8. ESTIMATED EFFECTS OF SEX ANDOTIIERCOVARIATES ON CHILD MORTALl1Y (BIRlllTO 
AGE 5): REPUBLIC OF KOREA, CHILDREN OF BIRlll ORDER 1-6 BORN IN 1971-1988 

Cuvariates 

Sex is male . ' ........................................ . 
Next child is born with interval < 24 months ............... . 
Number of surviving children .......................... . 
Maternal age ........................................ . 
Mother's residence (reference: rural) 
Metropolitan ...... '. ................................ . 
Other urban .......•.....••.••....................... 

Mother's years of education ............................ . 
Year of birth ....................................... . 
Constant ........................................... . 

Gross effects 
model 

0.06495 

-0.08253• 
2.33304 

Source: Individual records from 199 I National Survey of Fertility and Family Health. 
NOrBS: Multiple births excluded from 1111alysis. 
An asterisk(*) indicates that p < 0.05. 
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Intermediate 
'model 

0.12269 
0.91625• 

-0.07690• 
1.59742 

Net effects 
model 

0.13428 
0.91325• 
0.17533 

-0.09278• 

-0.52857• 
-0.31371 
-0.07688• 
-0.04797• 
2.29417 
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