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PREFACE

The Population Division of the Department of Ecmimand Social Affairs of the United Nations
Secretariat organized an Expert Group Meeting aiofifies for Improved Survival: ICPD beyond 2014
at the United Nations Headquarters in New York @rad 22 October 2013. The meeting was convened
to inform substantive preparations for the fortyesgh session of the Commission on Population and
Development in April 2014. In light of the twentieanniversary of the 1994 International Conferemte
Population and Development (ICPD), the Commissitdiésne for 2014 is an “Assessment of the status
of implementation of the Programme of Action of theernational Conference on Population and
Development”.

The meeting brought together experts from diffesmmentific disciplines and regions of the world
to address key questions about the progress inowing survival at different stages of life since th
ICPD, as well as the challenges and opportunite$uture mortality reduction. A selection of thapers
prepared by experts participating in the meetinigeisig issued under the Expert Paper Series peblish
on the website of the Population Divisiamv{w.unpopulation.orjy

This paper focuses on the role that three set®ditions may play in the course of future adult
life expectancy in the Latin American and Caribbeagion. First, it examines the implications of
changing early life conditions that have shifted tomposition of cohorts with respect to theirlfyai
thereby changing their susceptibility to mortalitye to certain non-communicable diseases that emerg
later in life. Next, it presents an analysis ofduwtries in the region showing that in countriethwthe
highest smoking prevalence, increases in mortaditiyibutable to cigarette smoking counteracted
reductions in mortality from other causes, limitittie gains achieved in life expectancy at age 50.
Finally, the paper assesses the possible impgusiftrends in obesity prevalence and associatedich
conditions on life expectancy at age 50 using exsddrom Mexico.

The Expert Paper series aims at providing acaegsvernment officials, the research community,
non-governmental organizations, international omgtions and the general public to overviews by
experts on key demographic issues. The papersdiedlin the series will mainly be those presented at
Expert Group Meetings organized by the Populatiovisidpn on the different areas of its competence,
including fertility, mortality, migration, urbanigan and population distribution, population estiesa
and projections, population and development, amqaifadion policy.

For further information concerning this serieggde contact the office of the Director, Population

Division, Department of Economic and Social Affaildnited Nations, New York, 10017, USA,
telephone (212) 963-3179, fax (212) 963-2147, ep@iulation@un.org.
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A. INTRODUCTION

The past history of demographic regimes holdsastlsome clues about their future. Past trendsaittn
and mortality and their determinants may offer, wipeoperly used, an opportunity to produce informed
health and mortality forecasts in the short to medrun. Inevitably, the unfolding of unforeseen rage
and shocks will leave imprints on health and mdaytadt various ages expressed as period effects. Bu
equally deserving of attention are events and gigtances that shape the survival of entire birtiods
whose fate may be tightly determined by conditidghat mark their early upbringing, adolescent
exposures to ecological and disease environmentsheaalth behaviours. Different cohorts may have
sharply different experiences with exposure taebises and with adoption of and adherence to balravio
whose effects may become visible only after comaiole time lags. Patterns of smoking, diet, and
physical activity, and the resulting trajectory aafnditions such as obesity and chronic illnessesaar
obvious illustration.

This paper focuses on the role that three setsmdittons may play in the course of future adult
life expectancy in the Latin American and Caribb@ahC) region. We argue that knowledge about these
conditions will increase our ability to project fué mortality levels and patterns, improve undeiditag
of the mix of health risks that may become relevamd, finally, strengthen the stock of knowledge to
inform general policies or particular interventionghese conditions are: (a) changing compositibn o
cohorts by early conditions; (b) evolution of thmaking epidemic among adults; and (c) past trerids o
obesity prevalence and associated chronic conditibhese three phenomena share a useful feature: by
definition, one knows or can measure with someipi@t the composition of cohorts by exposure to a
risk and compute the magnitude of such risk. Famg)de, we know that individuals belonging to birth
cohorts born around 1950 who began smoking in gfmith and who survived to be age 60 in 2010 are at
high risk of contracting lung cancer, chronic obstive pulmonary disease (COPD) or cardiovascular
diseases (CVDs). Armed with knowledge about th@ioleng history and about the precise link between
the behaviour and excess mortality, we can estirsateking- attributable risk and associated excess
mortality for those cohorts. Barring sudden advarineanedical technology to screen, detect and theat
diseases, the estimated mortality excess should bafairly narrow range of uncertainty. A similar
argument, albeit one not blessed with the sameifipadions about precision, applies to the otheo tw
phenomena, exposure to early childhood conditioiisadesity.

The three conditions referred to above offer tleeaecher or policy maker advanced knowledge
of the population compaosition by risk factor ofdrest (e.g., smoking, diet and obesity, early hgpd
infection, rheumatic fever, etc.) and about th&dmes between risk factors and mortality. It thenef
becomes feasible to compute the drag exerted bgharts past exposures on its future mortality.
Improved knowledge of these phenomena should ngtinorease accuracy of mortality projections but
also strengthen the formulation of more responanetbetter informed health policies.

The paper is organized as follows. Section B regidve influence of changes in the composition
of adult cohorts by early conditions. Section C raxees the implications for mortality of cohorts
implicated by the diffusion of smoking behaviouec8on D describes the potential impact on adult
mortality of continued increases of the prevalemdeobesity and associated chronic conditions,
particularly cancers, type 2 diabetes and CVD.ti&e& concludes.

B. EXPOSURE TO EARLY CONDITIONS AND MORTALITY RISK&T OLDER AGES
A large fraction of individuals born after 1930 WAC (and in a majority of low- and middle-income

countries elsewhere), survived beyond early chiddhas a result of the spread of knowledge about
infectious diseases, vector eradication campaigis most importantly, the diffusion of chemotherapy
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and medical technologies that reduce the lethalitynfectious diseases. Unlike their counterpants i
Western Europe and Northern Europe at the turtefcentury, the survival gains of members of these
cohorts were not triggered by improvements in stathsl of living and nutritional status. While expsu

to diseases was also reduced through intelligemtofiggerm theory, large public health programs, and
expansions of basic infrastructure, the main emgighind regional increases in life expectancy betw
1930 and 1970 was increased resistance and recoerged by the introduction of novel chemotherapy,
including antibiotics and sulphonamides (Arriagal dbavis 1969; Stolnitz 1965; Palloni and Wyrick
1981; Palloni and Pinto 2011; Preston 1976, 1980)s members of cohorts born after 1930-1940, who
will attain their sixtieth birthday after the yed000, are more likely than members of previoushbirt
cohorts to have experienced early conditions kntavhe associated with higher risks of adult chronic
conditions, such as COPD, heart diseases, typalietdis, and other chronic conditions that domitiege
landscape of adult mortality (Barker 1998; Glucknzard Hanson 2006; Langley-Evans 2004; Elo and
Preston, 1992). Two factors determine whether drthese early experiences express themselves as
higher incidence of chronic diseases: (a) the gtreof the linkage between poor early conditiond an
adult chronic illnesses and mortality; and (b) lagure of the exposure to poor early conditionfebgnt
mixtures of these factors generate variation inithpact that cohort compositional changes by early
exposure can have on health status and mortaliydef adults.

The downward shift in mortality experienced in LA@ers the composition of successive birth
cohorts in a peculiar way: cohorts who benefit mooen the mortality decline triggered by advanaes i
medical technology will contain a larger fractidnmdividuals at higher risk of expressing the def®us
effects of poor early conditions. Thus, older agetality among cohorts born more recently will eefi
not just period effects but also the influence @hpositional changes by early childhood exposuiidse
extent to which early conditions influence the afge mortality risks of a cohort can be understoad v
the concept of frailty, which describes susceptibito mortality risk whereby frailer individuals
experience a higher probability of dying at anyegivage compared to less frail individuals.

The compositional changes associated with earlyditons are similar to but distinct from
changes in composition by frailipvoked by aconventional frailtymodel (Vaupel et al. 1979; Vaupel
and Yashin 1987). The conventional frailty modeb&sed on the assumption that individuals are born
with a randomly drawn frailty valuey, ()»>=1), such that higher values increase individual ilfiet
mortality relative to a standard in the same prtiporat all ages. The distribution gfis defined at birth
and changes over the life of a cohort as membeateveed with higher values gf die out first. The
results from this model are two. First, when thertaldy regime and frailty distribution at birth ear
invariant the average mortality rates at older agéancrease more slowly than the individual nadity
rates. Second, if the population experiences nigridéclines and the frailty distribution at bintbmains
invariant, any improvement in mortality will increa the average level of frailty at older ages, thee
cohort will be, on average, more frail at all aglean it would have been in the absence of mortality
changes or more frail than its predecessors. Teffsets will underplay the observed rates of maytal
decline at all ages, but especially late in life.

The phenomenon of interest here is a result offardnt type of frailty, terme®arker-frailty,
which refers to changes in the composition of ctshby exposure to early conditions that producessc
mortality riskonly at older ages and only through a handful of chrdimesses. For simplicity, assume
that individuals are characterized at birth by mdam Barker-frailty values >=1, so that higher values
signify increased susceptibility to express thelydate health connection. Elsewhere it is formally

The term “Barker-frailty” (and “Barker-effect”) issed as a shorthand and refers to all mechanisssicBarker
mechanism) producing early-late health connections.



demonstrated that a mortality regime driven bothcbgventional and Barker-frailty is characterizegd b
two properties. First, when there are neither chanm the mortality regimes nor changes in the
conventional and Barker-frailty distributions, oldege mortality rates will operate subject to lasis
conventional frailty but mortality at older agedlveie higher than expected under the conventiamélty
model. This is because individuals who are scabgee@arly conditionsg>1, and survive to older ages
experience higher excess mortality at those agas tiey did at younger ages. Unlike the conventiona
frailty factor, y; Barker-frailty, & increases mortality rates relative to a standatdof rates and does so
disproportionally at older ages. The net resuth& the upward concavity of the mortality curvdl Wwe
sharper than expected under a conventional frabdel but still duller than the concavity of the
individual mortality rates.

Second, if mortality declines at all ages and tiyadlistributions are invariant, mortality rates at
older ages could decline more slowly, not at allewen increase as a result of changing composition
cohorts byg, with, for example, a progressively larger infloiindividuals with higher values &f that
boost mortality risks at older ages. If there weoelinks between early conditions and adult heaftt
mortality, changes in cohort composition bwill have no effects at all on older age mortahiyd only
the impact of changes in conventional frailty cosipon, y; will be observed with a slower average
mortality decline than the one actually affectinglividual mortality. The tighter the link between
exposure to early conditions and increased oldermagrtality is, the stronger the departure of olkaige
mortality rates from the regime predicted by a @ortional frailty model.

The operation of Barker-frailty requires two coralis. To simplify description assume that
cohorts can be divided in two groups: one compadeddividuals who would have died under the pre-
transition mortality regime, A, and one with indluials who would have survived under that regime, B.
The first condition is that mortality levels expced before some target age, say 60 years, drerhig
group A than in group B during the initial phasdsnmrtality decline. The second condition is that
differences in mortality at older ages (over 60een A and B are at least in part the result giosure
to early conditions whose effects manifest modtlyot solely, late in life. We refer to this malitg
excess at older ages between groups A and B aBattker-effect In most empirical cases changes in
survivorship experienced during the early stagab®Becular mortality decline are proportionatatger
in subpopulations more likely to experience poorlye@onditions or higher valuesf ¢ As a
consequence, the average value at any age before older ages will increase ovee % a result of
survival gains.

1. A simple numerical example

A highly stylized numerical example provides a gp$ magnitude and some insight on the relations
described above. The main features of the exeatesas follows:

(@) Individuals in the population are characterized a latent variables with a Gamma
distribution f(¢) with parameters 2 and 1 (mean and variance equa).tWhenevek exceeds
some threshold value (to be determined) the indali@xperiences poor early conditions and can
potentially express excess mortality risks.

(b) The mortality decline is defined so that thertality rate at age y and t years after the onket o
mortality decline isg(y,t) =g(t)* u(y,t), where uy,t) is a standard mortality rate amgt) a
(positive valued) function declining dnindividuals who belong to group A experience raliiyt
rates equal tpn(y,t) =g(t)* uy,t)*A; at all ages below 60 and equaludy,t) =g(t)* w(y,t)*A, at

60 and above, with,> A;, Members of group B experiengéy,t) =g(t)* 1(y,t)



(c) Values oA, and A, are set as small as 1.5 and as large as 5;

(d) 100 cohort mortality “regimes” are computedymaking the mortality decline in the LAC
region from 1941 to 2000, and then from 2000 to@@dllowing United Nations mortality
projections.

Figures 1a through 1d illustrate selected resultshe calculations for a scenario where the
fraction of individuals experiencing early condit®is about 0.2Q¢ >=3), A, =2 andA,=4%. Figure la
shows the initial distribution at age 60 of thelgaonditions factor,e, among members of group A
corresponding to three mortality regimes seleatenhfthe 100 regimes computed. The first represamts
“old” regime before mortality decline with life egptancy at birth around 45 years; the second is an
“intermediate” regime during the decline; and thiedt is a “new” regime well into the decline andtwi
life expectancy at birth around 80 years. As miytaleclines from the old to the new regime, the
distribution of £ shifts towards higher values indicating greatezrage values of Barker-frailty among
group members.

Figure 1b displays survival probabilities to aged@Qunder the three mortality regimes. In the
lower mortality regime, small increases énare associated with steep declines in the prabaluf
surviving age 60, but that association becomes desep as mortality declines to the intermediat an
new mortality regimes.

Figure 1c displays the average values of the mtyrtedte A, at age 60 through the regimes
representing mortality decline to illustrate thdeefs of mortality decline on compositional changes
across cohorts over the period of the decline. Astality declines, the mean values &f increase
substantially reflecting extra survival among iridisals born with poor prospects.

Figure 1d displays the average mortality ratesgimup A and the standard mortality rates for
group B at ages 65 years, 75 years and 85 yearstlowel00 mortality regimes observed. This figure
shows the ultimate outcome of changes in compasitiduced by mortality decline in that the average
mortality among group A at the three ages doesdrotine at the same rates as the baseline mortality
rates among group B. Instead, the declines inaggemortality among group A tend to be slower, with
no decline or even increases observed during semeds.

The above exercise is limited to only one of maonggible scenarios but the results are more
general. Indeed, one can show that if early comlitiare captured by a binary variable, a mortality
decline resembling the one experienced in LAC awemiwill produce results consistent with the main
conjecture as long as the fraction in group A edsdék15 and the values &fandA, are larger than 1.5

2. Application to extreme cases in LAC

Using rather simple models and available empirdsth one can generate estimates of bounds of the
ultimate impact of Barker-effects on adult mortalit the short run. Figures 2a and 2b display tlees

of life expectancies at age 60 under three difteseanarios for the two countries that produceeesér
results, Argentina and GuatenialAt the beginning of the period under examinatioere can be only

2 Other scenarios lead to similar conclusions. Biitourse, more benign scenarios dilute the effecter scrutiny.
For example, when the proportion of individuals vette exposed to early conditions is less than 58tk effects
are hardly visible and distinguishable, irrespextif values oh; andA,, from those that would be expected if only
conventional frailty operates.

% A more thorough presentation of results appeaeswisre (Palloni and Souza, 2013)
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small differences between alternative scenariasedine fraction of the total projected populatisaved’

by the mortality decline is still very small. Whéme influx of cohorts born after 1950 into age grsu
over 60 begins to grow, the different scenariod sli@erging and yield different life expectanciésmild
scenario (with weak early-adult health linkagedjedathe “low-relative risks” scenario in figure 2)
applied to Argentina produces differences of trieoof 0.1 to 0.4 years of life expectancy at a@e’o
harsher mortality regime among those exposed ttat@us conditions (strong early-late linkage|exhl
the “high-relative risks” scenario in figure 2) tlsato larger differences, about 0.66 years of life
expectancy. These values are small since Argestimartality decline began very early in the twethtie
century, twenty to thirty years before significamedical innovations were introduced. As a consecgien
the population saved after 1950 and exposed todBaekects is small and exposure to excess adult
mortality is minimized.

In contrast to Argentina, Guatemala is a countryartgpical of those that started the mortality
decline after 1950 and the potential losses indipectancy at age 60 are larger. A low relatigksriset
of parameters produces differences of about 0.&0syeBut when those exposed to adverse early
conditions are subjected to a high relative riskstality regime, the differences are as large &sygars
or close to 8 per cent of the total life expectaacgge 60.

Overall, these are not massive differences buheeiare they trivial. Consider the following:
during the period 2010-2050 Guatemala is projetbeaidd 2.3 years of life expectancy at age 60;,thus
the potential losses calculated above are abofibh#ie total projected gains. In Argentina thegmtial
losses are, on average, one sixth of the expeetied.dBy the same token during the period 1980-2000
life expectancy at age 60 increased by about Ssy&agures 2a and 2b reveal that as little as &eet
and as much as 20 per cent of this gain can beitedfin a span of 50 years solely as a function of
changes in cohort composition by exposure to eahditions. And yet, figures 2a and 2b correspand t
an optimistic scenario, one where an entire seafdhe population that includes individuals whouleb
have survived in the absence of a mortality dedirgespared exposure to early conditions and acgssx
mortality associated with them. This is a rathdreme assumption and surely leads to under-estinadite
the effects we seek to identify. Thus the theoattimsses’ displayed in figures 2a and 2b must be
considered as conservative, at least within theadraork proposed here.

C. SMOKING ‘EPIDEMICS’ AND EXPECTED EXCESS FUTUREQRTALITY

According to a standard typology (Lopez et al.,4;99zzati and Lopez, 2004puntries in LAC span a
broad range of experiences in the smoking epideimio) those in the mature stages (Argentina, Chile,
Cuba, and Uruguay), to those with more recent ofidekico and Brazil). Argentina, Cuba, Chile and
Uruguay have higher rates of smoking than maldkenUnited States, whereas Brazil and Mexico have
lower rates. Cuba stands out as an outlier witthtgkeest prevalence of smoking, which is refledtethe
country’s highest excess adult mortality associati# smoking.

As expected given patterns observed in other cmsnénd regions, female smoking prevalence
in LAC lags behind male smoking prevalence, butpdeshis lag female smoking has already grown
close to 20 per cent in some populations (Argerainé Chile) and will become increasingly influehtia
on female mortality risks in the near future. Tige-apecific smoking prevalence rates in LAC ardalyig
heterogeneous and reflect characteristics thatypieal of different stages of the epidemic. Thésoa
reveal surprising anomalies that are relevant fer tuture adult mortality: an exceptionally high
prevalence among the population younger than age €hile, signifying a recrudescence of the smgkin
epidemic; and unexpectedly low levels of youth simgkin Brazil, an indication of successful anti-
smoking campaign$.

4 See Palloni et al., 2013



What are the mortality implications of past tremasmoking behaviours? We can estimate with
high precision the connection between aggregatekisigmgrevalence and smoking-related attributable
mortality and the estimates can be converted intoler of years of life lost due to smoking over plast
20 to 30 years. Using a number of techniques destrelsewhere (Palloni et al., 2013a) researchers
estimate counterfactual mortality trends that wdwdde been observed if smoking-attributable maytali
were set to zero. The main results are in figurevtich displays trends in observed and counterédctu
life expectancy at age 50 for the period 1950-2id1€ix LAC countries. In all countries includedtime
figure, differences between counterfactual and Mesemortality are larger for males than they ame f
females, consistent with the fact that in most toes female smoking has not yet left a powerfybrimit
on mortality. Note, however, that the disparitiesween the two female regimes are increasing over
time.

Among males the differences between observed amdt@dactual trends in the life expectancy
at age 50 are large: between four and six yeafsdgentina, Cuba and Uruguay (about 20 per cent of
their current life expectancy at age 50), somevést than four years in Chile (about 15 per centsof
current life expectancy at age 50), and less thanyears in Brazil and Mexico (about 8 per centhefr
life expectancy at age 50). During the most repantod (2000-2005), absolute and relative diffeesnc
between observed and counterfactual life expeatanbiave been steady or increasing slightly in
Argentina and Uruguay but have systematically iaseel in Cuba, Brazil and Mexico. The case of Cuba
is a glaring example of the damaging power of smgkiehaviour: the foregone gains in adult male life
expectancy due to smoking (about 20 per cent tpe2Eent of the current value of life expectancagd
50) are equivalent to thebserved total gains in survival the country expecied in the last 20 yeardn
other words, it took twenty years of unprecedenpedgress against infectious (and some chronic
conditions) to offset losses that smoking was #ifanflicting during the same period of time. Thalk
of the differences between counterfactual and eksklife expectancies everywhere is associated with
diseases of the heart and circulatory system akasetancers other than lung. The remainder of the
difference is associated with lung cancer.

The smoking epidemic in LAC is well established} loountries are navigating through its
various stages with different timings and at ddfer pace. As a consequence, the health and myrtalit
effects are highly diverse. But the threat of laiggwact on mortality trends is there all the same,
particularly in countries where rapid and pervasiveoking uptake began more recently. Estimates
suggest that during the decades 1980-2000 the tngfasmoking is equivalent to losses in male life
expectancy at age 50 of 2 to 6 years. To datetlmsses are only virtual, not observed. They sapTe
how much higher life expectancy at age 50 couldehaeen in the absence of smoking. And although
making forecasts is always risky, there are twaulagies about which one should be certain. First,
current male and female smoking prevalence betwgea 20 and 50 in countries with high prevalence of
smoking will inevitably translate into virtual lass of the same or higher magnitude than those lasdcu
above. No sophisticated forecasting machinery eded to predict this since smoking behaviour has a
substantial momentum that takes years to disapggesond, given patterns of smoking uptake in
countries cruising through the early stages ofgimeking epidemic, one should expect the geographic
spread and replication of foregone gains in longeaiready experienced by countries that startedhmu
earlier.

Will smoking behaviour eventually lead from virtual real losses in adult life expectancy? Or
will the damage only derail future gains, as it kase up to now? Or, finally, will it become totall
irrelevant? Uncertainty about these issues is thotdwo areas. The first is the march of the smgki
patterns themselves: will countries now at theyesthges contain it with timely and successful jubl
health interventions? Will countries in more adwehstages converge rapidly to conditions under hwvhic
smoking is confined to small pockets of populatiofife second, and the one that generates most of ou
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uncertainty about the future, is the effect of smgkon mortality: Can we optimistically count on a
steady stream of future medical innovations foatireent and detection that may alter the age patiern
fatality rates of non-smoking-related and smokielgted diseases? In LAC there is some, albeiteca
room for offsetting effects originating in furtheeduction of infectious diseases. Only attenuatbn
mortality risks due to chronic diseases can oppaféective resistance to the heavy tug of smoking
histories. What we do not know is whether this etting force will emerge at all and, if it does, ather

it will be sufficiently large and arrive soon entutp blunt the effects of the physiological damage
already inflicted by past smoking.

D. OBESITY, CHRONIC ILLNESSES AND EXCESS FUTURE MORLITY

It is suspected, but not yet well established, lifedtyle changes embraced by recent cohorts oltsth
both high- and low-income countries could opposenst resistance to further improvements in longevit
(Olshansky et al. 2005; Flegal et al., 2013). Whike smoking epidemic offers an example of behawsiou
changes that are already shaping mortality trehdfdar ages, the implications of what has beeméer
the “obesity epidemic” appear to be a bit more remincreasing prevalence of obesity is an outcome,
among other things, of recent behavioural adaptatibat affect children and adults alike. These may
have large effects on health status, mortality, lrealth care expenditures (Aschner 2002; Kain,arid
Albala 2003; Barcelo et al., 2003) In this sectwa estimate expected losses in adult life expeanc
associated with current levels and past trendsbeSity prevalence. The estimates pertain to onky on
LAC country, Mexico, for which we have availablghly accurate estimates both of the levels of apesi
and of the linkage between obesity, chronic disgas®d excess mortality.

According to a recent report issued by the Unitedidhs Food and Agriculture Organization
(FAO, 2013), Mexico’s prevalence of obesity amodglts (33 per cent) surpassed that in the US (81 pe
cent) and became the country with the highestahtzbesity in LAC. Even if one allows for statistical
inaccuracies and definitional ambiguities, Mexiec@mmbiguously ranks in the first quintile of the sibe
distribution in LAC and North American countrieshél country attained this top ranking riding onemtt
of very rapid growth: ten years ago the prevalesicebesity was estimated to be about 70 per cent of
what it is now, implying a doubling time for obssiprevalence of only 19 years. Recent research
suggests that among adults this state of affaiikdly to get worse before it gets better since tthtes of
early obesity are still climbing at all ages andlyeabesity is a precursor of adult obesity. Indeed
forecasts for a number of Latin American countdesently doing better than Mexico predict surgés o
adult obesity prevalence to levels as low as 50cpat and as high as 80 per cent (Webber, Kilgil.et
2012). The factors that explain the rapid ascemlexico to the top of the weight distribution atél
matter of controversy. Some are associated withrdkee of poverty and sudden shifts in diet (Razak,
Corsi et al. 2013); others involve sharply reduesels of physical activity (Webber et al. 2012 zRla et
al. 2013), and still others invoke the existencentdractions between these two, environmental sxes
and genetic traits (Popkin 2004). What is notonlat is the load of chronic disease that accompahe
increase of obesity prevalence, namely, elevatdd rof pre-diabetes and type 2 diabetes (Allisash an
Saunders 2000), dyslipidemia (Terry et al. 1986jpoary heart disease (Eckel and Krauss 1998)p slee
apnea (Mitchell et al. 2011), cognitive dysfuncti@unstad, Paul et al. 2007, Boeka and Lokken 2008,
Fergenbaum et al. 2009), cancer (Reeves et al., Réifehanet al. 2008), and liver and kidney disease
(Matteoni et al. 1999).

®> We use the following, conventional categories:amaight are those with BMI<18.5; normal are thosif
18.5<=BMI<25; overweight are those with 25<= BMI<&08d obese are those with BMI>=30And Definition of
categories of obesity



What follows is an account of the estimation ofesscmortality due to obesity among adults in
Mexico during the period 2000-2012. The main daao which estimation is based is the Mexican
Health and Aging Survey (MHAS), a three-wave panebdelled after the U.S. health and retirement
Study (HRS). MHAS has followed a representativedarnf Mexican adults aged 50 and older and their
spouses since 2001. The estimation described hadew all the information from the first wave (2Q01)
second wave (2003) and third wave (2012). The essbmple consisted of 15,402 interviews carried
out during 2001. Respondents were selected follpwie National Employment Study sampling scheme,
conducted by the Instituto Nacional de Estadisti@apgrafia e Informatica (INEGI), which allowed
coverage of both urban and rural residents in 2lIM&xican states. States with high emigration rétes
the United States were oversampled. Interviews wameducted in-person by INEGI professional
interviewers who were trained by MHAS personnel BEIG| supervisors to secure appropriate follow-
up. Field supervisors also administered varioukrappmetric measures, including height, weight,ekne
height, and hip and waist circumference, to a 20cpat random subsample. Two follow-up interviews,
with surviving respondents were conducted durin38nd 2012. New spouses and partners were also
included in the subsequent waves. The second wang&sts of 14,386 respondents and a new sample of
220 new spouses. The third wave is made up of 92r&§pondents and a new sample of 5,896 new
subjects and spouses. Next-of-kin proxy respondepsrted 546 deceased respondents from the 2001
baseline and 2,742 deceased from the 2003 wave. fRore details on MHAS see
http://www.mhasweb.org/

The model representing the associations betweenitgbehronic conditions and mortality is
shown in figure 4. We estimate direct (and indirect) effects througtombination of modelgrirst, to
estimatea, the association between obesity status and madmiditions, we use conventional logistic
models for type 2 diabetes, cancer, and CVD inadeaver a ten year interwave period. Second,
modified Gompertz models are employed to estimataes ofy, the association between obesity status
and mortality, andB, the association between morbid conditions andtatityr (with and without
unmeasured heterogeneity). These estimates arecttrabined to compute estimates of the excess
mortality attributable to obesity only, net of sk behaviour.

1. Obesity and chronic conditions

The first two columns of table display estimates of logistic models for the incice of diabetes (waves
1to 2; 1to 3; and 2 to 3) and of any of threeoalw illnesses (type 2 diabetes, cancer and hessasks)
using as predictors the indicators of obesity fregtf-reported measures. The probability of contngct
type 2 diabetes in the interwave period betweerl 20@ 2012 is between 44 per cent and 56 per cent
higher for those who are obese at baseline relativinose with normal body mass index (BMI) and
between 36 per cent and 42 per cent higher foretd®o are overweight. Slightly higher increases of
incidence of any chronic diseases are associatddowerweight and obesity (column 2). These refetio
are preserved in the models that use objective uneaof overweight and obesity (columns 3 and 4).
These estimates point to large effects that trémgtdo considerable health care costs and lossedour
productivity (Barcelo et al. 2003, Abegunde et28l07). But these costs surely pale relative tddke of

life implied by very large excess mortality asstwmiawith type 2 diabetes and with other chronic
conditions triggered by obesity.

® The effects of obesity on diabetes incidence egéthhere are effects over a ten-year period afsme and are
akin to effects on theumulatedconditional incidence function , not on the yeaisk.
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2. Obesity, chronic conditions and excess mortality

The fully parametric Gompertz model to estimate taldy as a function of obesity and chronic
conditions has the following form:

r(Xo+ 1) =A exp((%- 50) + ty)

where x is age at first wave, t is the duration sincet fivave, A is the Gompertz level parameter ang
Gompertz’s slope. The Gompertz function is onlyoadyapproximation to mortality at ages over 50 and
we rescale age to be the difference between afjstatvave and 50. It is clear from the above eiquat
that the regression coefficient associated withréisealed age variable,(60) in the proportional hazard
formulation must be constrained to equal the slop&inally, note thah represents the mortality rate at
age 50. Throughout, the parametkris defined as a function of covariates, includaegtrols for age,
gender, and a dummy for education as well as tbhbdeterest to us namely, self-reported conditions,
particularly diabetes, cancer and heart diseades.nfost important estimates of effects of obesiy a
selected chronic conditions appear in table 2.

3. The combined impact of obesity on chronic diseasnd mortality

We now combine estimated excess mortality amondediiecs with the estimated risk of becoming
diabetic given obesity at baseline and computeotherall effects of obesity on mortality. The excess
mortality attributable to obesity (overweight andeee) that is mediated by diabetes is equivalent to
p(djo)(e-1)), where p(d|o) is the conditional piulity of diabetes among the overweight and obeskea

is the excess mortality among diabetics. With g@)(et0.20 , as in our sample for those aged 50, the
excess mortality due to diabetes only is of theeomf 1.17. A similar calculation but including ¢er
diseases (diabetes, cancer and heart diseased3 gielexcess mortality among overweight and obese
individuals of about 1.20 (0.23*0.86). If overweigind obesity prevalence among those older thaa 50
of the order of 69 per cent (as in our sample) oirerall excess mortality attributable to effegei@mting
through diabetes only is 1.12 whereas the excessatipg through all three chronic diseases is 1.15.
one insists on accounting for potentially favouealdlirect effects of obesity, the mortality excess
calculated above should be reduced by approxim&dl9*0.42 = 0.08 where 0.19 is the reduction in
mortality among overweight (the “apparent” diretfeet) and 0.42 is the fraction of the populatioreo

60 who is overweight in our sample.

If the prevalence of adult overweight and obesitgywg to 75 per cent, as could happen in the
next few years, the expected excess mortality &socwith diabetes and all three chronic condgion
will be 1.21 and 1.25 respectively. This is a aide mortality excess, equivalent to losses of aBdo 4
years of life expectancy at age 50 (about 13 pet) cabout one year more than the losses due &vetig
smoking. These figures should prompt a reconsiteraif the idea that obesity has ambiguous or even
beneficial effect on survival at older ages. As kimg has done in the past and will continue tordthie
future, obesity has had and will continue to havstrang impact on health status, health care, healt
costs, and will gradually erode or exert strongstaace to future improvements in longevity.

To sum up, the effects of obesity that operateutinodiabetes only will raise mortality by close
to 17 per cent among overweight and obese indilgdalad, at current obesity prevalence, by about 12
per cent in the total population. These mortalitgesses represent losses of life expectancy ab@gé
about two to three years, or 9 per cent to 12 pet of current values of life expectancy at agarb0
Mexico. Thus, the magnitude of the mortality impatbbesity estimated for Mexico is inching closer



and exceeding the mortality impact of cigarette ldmp elsewhere in LAC, at least among countries
navigating the middle stages of the smoking epidemi

E.CONCLUSION

An overview of potential future changes in adultaltie and mortality should include consideration of
shifts in cohorts’ composition by traits known te associated with health and mortality risks. Tim

in contrast to a perspective that relies on thenme that all important changes in mortality are do
period events and that the influence of cohort#jgetdeterminants is overwhelmed by period faciansl

need not be considered in any depth. While futuoetality trends depend in part on the unfoldirfig o
events that we may anticipate but know little abestich as sudden climate change, emergence of new
diseases and re-emergence of old ones, a burshngivation in medical technology—a balanced
perspective should include an account of changdsih can anticipate with improved accuracy because
they depend strongly on events we have already bleserved and on linkages between exposure to risks
and mortality that are well established.

This perspective may have benefits in two areasst,Fit can provide materials to improve
mortality forecasts. The extent to which it doeswslh depend on the accuracy of estimates of cohort
composition by relevant traits and of excess mitytalssociated with those traits. Second, it cdarm
better the design of health policies that will berensuitable for and responsive to a changing lzaqus
of health status.

It is argued in this paper that there are at leaste known forthcoming shifts in cohort
composition that may become influential in low- amiddle-income countries. The first consists of
changes by the intensity and type of exposurestas raffecting infancy and early childhood. The seco
involves past trends of smoking uptake and desistamong adolescents and young adults. The third is
associated with trends in early and late adult ibpesnd its implications for the emergence and
persistence of chronic illnesses and their sequéithough these are neither the only nor the most
important cohort changes that could be experientte}; share a commonality: all three involve the
presence of traits in several cohorts, the changimgposition of the cohorts by the presence otridiés,
and relatively well-known linkages between thetgraind excess health or mortality risks.

The estimates discussed here suggest that all tofemt shifts are consequential as they could
account for virtual losses of life expectancy a¢ &9 in the range of three to seven years of fite. a
number of reasons examined in the paper, theseegmay be lower bounds and could contain
substantial downward biases. Furthermore, the astsnare related to mortality risks only and ignore
implications for changes in health status compmsitis well as computations of health care costgshBy
same token, estimates were derived from a smallaaindittedly not representative subset of low- and
middle-income countries where conditions may beesopto those experienced in other peer countries.

The document avoids altogether the intriguing dty matter of interaction between the three
conditions. We simply do not know if and how thentnation of exposures to early conditions, smoking
uptake, and obesity may combine to produce healtbomes and mortality risks. Ignoring the issue
could lead to substantial underestimation of heatith mortality risks.

" For reasons discussed elsewhere it is almosticéhiat the estimates of excess mortality due &siif are lower
bounds and contain a sizeable downward bias
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While the discussion above points towards pote#ahage that could be larger than what the
estimates suggest, there is an important caveatrtéia void the warning. All three traits ultimatdgad
to excess risks associated with a handful of candit including cancer to selected sites, COPDe ®p
diabetes and cardiovascular diseases. Althougte thes not the only critical chronic conditions that
dominate the modern adult health landscape theycereinly important. However, their impact on
mortality may be attenuated considerably with asbof innovative medical advances and the sudden
development and efficient dissemination of techgpléor the detection, treatment and management of
these conditions. Technological innovation andetisisation is plausible but should not be factoreds
a realized fact in mortality projections or polidgsigns. Instead, the expected impacts of chamges i
composition by early conditions, smoking and olyeshould be included since we know within
reasonable certainty what the expected effectsbwill

11



Figure la. Proportional distribution at age 60 of early condition factor in group A for three mortality regimes
representing declining mortality over time

N

S

proportion
0 .005 .01 .015
L L L L

T
20 40 60 80 100

o -

Early conditions factors (arbitrary scale)
—=e—— old mortality regime —e&—— intermediate mortality regime

——=@—— new mortality regime

Figure 1b. Probability of surviving to age 60 by early condition factor for three mortality regimes representing declining
mortality over time
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Figure 1c. Average mortality rate at age 60 by mortality regimes representing declining mortality over time
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Figure 1d. Difference between aver age mortality in group A and baseline mortality in group B in the context of declining
mortality over time
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Figure 2a. Life expectancy at age 60 (in years) projected under three scenarios describing the strength of the association
between early life conditions and mortality risks at older ages, Argentina, 2010-2045
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Figure 2b. Life expectancy at age 60 (in years) projected under three scenarios describing the strength of the association
between early life conditions and mortality risks at older ages, Guatemala, 2010-2045
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Figure 3. Life expectancy at age 50 (in year s) observed and estimated as a counterfactual in the absence of smoking, males
and femalesin six countriesin Latin America and the Caribbean, 1980-2010
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Figure 4. M odel of relationships between obesity, morbidity and mortality
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1
TABLE 1. LOGIT MODELS FOR INCIDENCE OF DIABETES AND ANY CHRONIC ILLNESS: 2001-2012 Y

(1) (2 3 4
Diabetes Any chronic illness Diabetes Any chronic illness
Coefficient Coefficient Coefficient Coefficient
(standard error) (standard error) (standard error) (standard error)
Log(age) 0.16 0.21 0.13 0.17
(0.03) (0.03) (0.07) (0.06)
Gender -0.28" -0.23" -0.31" -0.29"
(0.06) (0.05) (0.13) (0.12)
Education -0.29" -0.16” -0.23 -0.03
(0.06) (0.06) (0.16) (0.15)
Underweight (self- -0.50" -0.31
reported) (0.24) (0.20)
Overweight (self- 0.197 0.11
reported) (0.07) (0.06)
Obese 0.35" 0.347
(self-reported) (0.07) (0.07)
Underweight 0.38 0.10
(objective) (0.48) (0.48)
Overweight 0.22 0.23
(objective) (0.16) (0.15)
Obese 0.33 0.24
(objective) (0.18) (0.17)
constant -1.817 -1.68" -1.847 -1.69”
(0.09) (0.09) (0.22) (0.21)
N 8936 8926 1645 1642
AIC 8314 9332 1517 1708
BIC 8364 9381 1555 1746
Log Likelihood -4150 -4659 -751 -847

(1) Case completed sample; Standard errors in parentheses; T p <0.05, 7 p<0.01, ™ p<0.001
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TABLE 2. GOMPERTZ HAZARD MODELS AND CHRONIC ILLNESSES

Model (1) Model (2) Model (3) Model (4) Model (5) Model (6)
Coefficient c;:g:}ﬁ;gt Coefficient Coefficient Coefficient Coefficient
(standard error) error) (standard error)  (standard error)  (standard error)  (standard error)
Age 0.07 0.07 0.08 0.08 0.07 0.08
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Gender 0.44™ 0.44” 0.44” 0.45" 0.307 0.44™
(0.05) (0.05) (0.07) (0.07) (0.04) (0.07)
Education -0.11 -0.10 -0.17 -0.16 -0.20" -0.16"
(0.06) (0.06) (0.08) (0.08) (0.06) (0.08)
Underweight 0.42 0.45 0.42
(0.13) (0.13) (0.13)
Overweight -0.23** -0.22** -0.23
(0.058) (0.058) (0.058)
Obese -0.133 -0.129 -0.13
(0.07) (0.07) (0.07)
Diabetes 0.62" 0.62" 0.55" 0.56"
(0.06) (0.06) (0.08) (0.08)
Cancer 0.79” 0.65"
(0.14) (0.21)
Heart 0.18 0.24
(0.12) (0.14)
At least one 0.62" 0.55"
chronic iliness (0.05) (0.07)
constant 5.75" 575" -6.01" -6.00" 575" -6.00"
(0.09) (0.09) (0.10) (0.10) (0.09) (0.10)
Gamma 0.07” 0.07” 0.08"™ 0.08™ 0.07" 0.08™
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
AIC 9233 9275 5348 5368 9229 5350
BIC 9327 9349 5411 5413 92 5394
N 10908 10914 7852 7858 10910 7853
Log Likelihood -4607 -4629 -2667 -2679 -4613 -2670

(1) Case completed sample; Standard errors in parentheses ; T p <0.05, ” p<0.01, o p<0.001
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