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The impact of education and health
heterogeneity on Generational Support
Ratios: a cross-national comparison
between Mexico and Korea

ERIKA ARENAS*, BONGOH KYE†, GRACIELA TERUEL‡ and
LUIS RUBALCAVA§

ABSTRACT
Policy makers are concerned about the socio-economic consequences of population
ageing. Policies often rely on estimations of support ratios based solely on the popu-
lation age structure. We estimate Generational Support Ratios (GSRs) considering
health heterogeneity of the population age + and education heterogeneity of
their offspring. We explore the effect of a public policy that changes the education
of a targeted sub-group of women when they are young on their health once they
become older, taking into account changes in demographic processes (i.e.marriage,
fertility, offspring’s education). We used the model presented by Kye et al. for the
Korean context and examine the Mexican context. Our paper has three objectives.
First, by applying this framework to the Mexican context we aim to find that improve-
ments in women’s education may mitigate the negative consequences of population
ageing directly and indirectly through subsequent demographic behaviours that al-
together affect GSRs. Second, by making a cross-national comparison between Korea
and Mexico, we aim to quantify how policies of educational expansion have different
impacts in contexts in which the population age + have universal access to health
care compared to contexts in which access to health care is selective. Third, by com-
paring cross-nationally we aim to show how differences in family processes across
countries alter the pathways through which improvements in education affect GSRs.

KEY WORDS – population ageing, dependency, support ratios, education and
health, Mexico, Korea.
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Introduction

Population ageing is a general trend in many regions of the world. Increases
in life expectancy coupled with decreases in fertility rates have led to an in-
crease in the older population. The median age of the world population is
forecast to rise from . to . years between  and  (Goldstein
); population projections indicate that by  one-third of the popu-
lation will be  years old or over (Lutz, Sanderson and Scherbov ).
Policy makers are concerned about the socio-economic consequences of

population ageing in terms of the costs of supporting older generations,
considering a shrinking workforce. Concerns about ‘population bonus’
have been increasing (Bloom, Canning and Sevilla ). Some industria-
lised countries have developed pronatal policies to balance the population’s
age structure and increase its support ratio (Kalwij ; McDonald ),
yet the efficacy of these policy interventions is unclear (Gauthier ).
Some countries are debating whether it would be appropriate to increase
the age of retirement assuming that increases in life expectancy are a con-
sequence of improvements in health (Lutz, Sanderson and Scherbov ;
Martin, Schoeni and Adnreski ). These policies often rely on estima-
tions of support ratios that are based solely on the population’s age struc-
ture (e.g. Lee and Tuljapurkar ), or on projections of the older
population that consider their educational attainment (Batljan and
Thorslund ; Batljan, Lagergren and Thorslund ; Joung et al.
). New research based on population renewal models shows that
improvements in education may mitigate the negative consequences of
population ageing directly and through demographic processes. This re-
search suggests that projections of support ratios should be estimated, con-
sidering the characteristics of the older population (e.g. education and
health), characteristics of the offspring that will provide for them, and
changes in marriage behaviour, fertility behaviour and offspring’s educa-
tion that may be triggered by changes in the educational distribution
(Kye et al. ).
The current study contributes to recent developments on population

ageing research that accounts for improvements in human capital (e.g.
Lutz, Butz and KC ; Lutz, Cuaresma and Sanderson ; Lutz,
Goujon and Wils ). A key idea in this literature is that population
ageing proceeds in tandem with socio-economic development; hence ignor-
ing this fact will yield a too pessimistic view of the future as the population
ages, hindering sound discussion on the impact of population ageing.
In this paper, following the methods proposed by Kye et al. (), we es-

timate Generational Support Ratios (GSRs) for the case of Mexico, a
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country that has experienced an accelerated rate in its population ageing
(i.e. by ,  per cent of the Mexican population was  years old or
more, and projections for  show this share will be  per cent;
González ). We examine how changes in educational attainment
affect GSRs, taking into account assortative mating, differential fertility
and the intergenerational transmission of education. We conduct a series
of simulations to show the contribution of each demographic process on
changes in GSRs and on the health distribution of older adults. Kye et al.
() examine the impact of demographic processes on GSRs in the
Korean context. By applying the same method, with slight revisions to the
Mexican context, we aim to see how demographic processes matter in a dif-
ferent social context.
We also make a cross-national comparison between the Korean and

Mexican results. Comparison with the Korean results is interesting given
the similarities and dissimilarities between these two countries. Both coun-
tries have experienced rapid population ageing over the past decades and
have not yet developed solid public pension systems. Kapteyn ()
showed that Mexico and Korea spent the least on the old-age pension
system among the Organisation for Economic Co-operation and
Development (OECD) countries. The lack of old-age support pension
systems in both countries implies that adults age + are likely to live in
poverty, a situation with detrimental effects on their health.
Consequently, we would expect that health disparities among older adults
by socio-economic status would be large in both countries. This should
lead to a large impact of education on the health of older adults. Both coun-
tries, however, differ in terms of access to health-care systems. Whereas
Korea has developed a universal health-care system since the late s, uni-
versal health care was adopted in Mexico in  and full coverage was
attained in  (i.e. in the late s, six out of ten Mexicans had access
to health insurance). Given these institutional differences, we may expect
that health disparities by socio-economic status among adults age +
would be larger in Mexico than Korea, leading to a larger impact of educa-
tion on health among older adults in Mexico. Furthermore, assortative
mating and differential fertility also differ in these countries, which may
imply more differences in the impact of upgrading education on health.
In sum, Korea and Mexico are two countries that spend much lower
resources on support for older adults than other OECD countries,
whereas Korea has developed a more universal health-care system than
Mexico. These institutional settings make the comparison of these two coun-
tries interesting. The current study will contribute to the literature by inves-
tigating how this demographic model helps to explain differences across
societal contexts on the impact of public policies aimed at reducing the

Impact of education and health heterogeneity on GSRs

Core terms of use, available at https:/www.cambridge.org/core/terms. https://doi.org/10.1017/S0144686X16000751
Downloaded from https:/www.cambridge.org/core. Access paid by the UCSB Libraries, on 12 Jun 2017 at 19:44:45, subject to the Cambridge

https:/www.cambridge.org/core/terms
https://doi.org/10.1017/S0144686X16000751
https:/www.cambridge.org/core


burden of older to younger generations, and how institutional settings inter-
act with these differences.

Literature review

GSRs

Conventional measures to estimate the burden of older generations on new
generations are based on chronological age. The most popular measure is
the old-age dependency ratio defined as the number of adults over 

divided by the number of individuals between the ages of  and  (the
population economically active) (Goldstein ). Some researchers
redefine the number of older adults in the numerator as the population
in age groups with a remaining life expectancy of  years (Lutz,
Sanderson and Scherbov ) to adjust for improvements in life expect-
ancy. Since these improvements occurred in tandem with educational ex-
pansion, re-adjusting the definition of the economically active population
in terms of age and education seems appropriate given that better-educated
offspring may provide better support to their parents.
However, dependency ratios based on chronological age are not suffi-

cient to capture the burden of the population age + to the overall popu-
lation (i.e. a -year-old in  differs from a -year-old in the s,
given that the former is likely to be healthier and more independent than
the latter, considering secular improvements on health). Built on this as-
sumption, some studies propose alternative measures of population
ageing by accounting for changes in the characteristics of the older adult
population (e.g. improvements on education and health) (Batljan,
Lagergren and Thorslund ; Batljan and Thorslund ; Joung et al.
). These studies, however, solely considered the changing configura-
tion of the older population.
Other studies highlight the importance of taking into account education-

al attainment in population projections. A series of papers by Lutz and col-
leagues use multi-state methods to estimate projections of the population by
age, sex and education for several regions of the world (Lutz and KC ;
Lutz, Butz and KC ; Lutz, Cuaresma and Sanderson ; Lutz,
Goujon and Wils ; Lutz, Sanderson and Scherbov ). Given that
educational attainment has implications for fertility, mortality and migra-
tion, they argue it is crucial to consider explicitly educational attainment
in population projections. Assessing population composition quality will
allow societies to cope better with the challenges of population ageing,
given that human capital is closely linked to productivity and economic
growth. For example, these authors suggest that in the long run,
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below-replacement total fertility rates may be optimal for countries with
high levels of educational attainment (Lutz, Sanderson and Scherbov ).
Kye et al. () followed this approach with a different analytic frame-

work. In this paper, we estimate GSRs using the definition proposed by
Kye et al. () to capture simultaneously the changing configuration of
the offspring and the older population. The GSRs are defined as follows:

GSR1 ¼ N offspring
N adults 60þ ð1Þ

GSR2 ¼ N offspring
N unhealthy adults 60þ ð2Þ

GSR3 ¼ N offspring education j
N adults 60þ ð3Þ

GSR4 ¼ N offspring education j
N unhealthy adults 60þ ð4Þ

The offspring in the numerator refers to adult offspring born to the adult
population age + in the denominator. Educational heterogeneity of the
offspring generation is incorporated by defining the numerator as the
number of offspring within a certain educational category. The GSR of all
offspring per adults age + captures how many people in the offspring’s
generation are available to support an adult age + in the parental gener-
ation (GSR); the ratio of offspring with + years of education per un-
healthy adult age + captures how many college-educated people in the
offspring’s generation are available to support an unhealthy adult age +
in the parental generation (GSR, GSR). By defining GSRs in this way,
the ‘characteristics approach’ (Sanderson and Scherbov ) is enriched
by considering characteristics of older adults and characteristics of their off-
spring when examining population ageing.
Based on this definition of GSRs, our demographic model explores how

GSRs may change as a consequence of (hypothetical) public policies
focused on changing the education of a targeted sub-group of women
when they are young. This model accounts for the subsequent changes in
marriage, fertility and offspring’s education in assessing the relationship
between improving education and the joint distribution of health among
the old-age population and education of their offspring generation. By esti-
mating changes in GSRs, we aim to understand the implications of improve-
ments in health and education at the societal level, not at the family/individual
level. Improvements in health and education are used as indicators of soci-
etal development. Our goal is to examine the implications of this
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development for population ageing. Changes in GSRs capture how educa-
tional expansion, which proceeds in tandem with population ageing,
affects the configuration of the older population and their offspring. We
are not examining changes in the generational support system at the
family level, such as arrangements of care-giving available to older
parents, although this is also an important topic in the study of population
ageing. Our focus is on the societal-level implications of an educational ex-
pansion on population ageing.

Education and GSRs: demographic pathways

Our model considers the health of older adults and offspring’s education as
key dimensions of the population capacity to cope with population ageing,
arguing that related changes in population quality will offset the negative
consequences of population ageing to some extent. Yet, more direct mea-
sures for economic resources would be better to capture this change.
Studies in national transfer accounts directly examine the life profiles of
production and consumption to understand the relationship between the
changing age structure of the population and the support system available
for older adults, showing that improvements in human capital accumulation
can mitigate the negative consequences of population ageing (Lee and
Mason ). The current study complements this line of research using
different measures of social and economic resources.
Previous research shows improving women’s education can lead to

changes in health in old age in multiple ways. The literature shows a positive
association between health and education. Evidence from developed coun-
tries shows the more educated enjoy better health and survival chances later
in life (e.g. Adler and Ostrove ; Cutler and Lleras-Muney ). Recent
studies have found significant causal effects of education on health and
mortality in the United States of America (USA) and in Scandinavian coun-
tries (e.g. Oreopoulos ; Spasojevic ). Another line of research
shows that better-educated people enjoy better health and survival
chances because they are less likely to engage in risky behaviours and
they possess more socio-economic resources (e.g. Chandola et al. ;
Ross and Wu ). Evidence from Mexico also shows the existence of an
educational gradient on health (Smith and Goldman ).
There are also demographic pathways through which changes in

women’s education may lead to changes in health in old age. Changes in
women’s education may lead to changes in family configuration that may
affect health in old age. These changes may include (a) the choice of not
forming a union (due to a reduction in the incentives to marry), or, in
the case of marrying, the choice of a better-educated partner, (b) a

 Erika Arenas et al.

Core terms of use, available at https:/www.cambridge.org/core/terms. https://doi.org/10.1017/S0144686X16000751
Downloaded from https:/www.cambridge.org/core. Access paid by the UCSB Libraries, on 12 Jun 2017 at 19:44:45, subject to the Cambridge

https:/www.cambridge.org/core/terms
https://doi.org/10.1017/S0144686X16000751
https:/www.cambridge.org/core


reduction in the number of offspring, and (c) improvements in offspring’s
education.
By improving women’s education, women’s gains from marriage may be

reduced by improvements in their labour market position; hence their
incentives to marry may be lessened (Becker ); alternatively, highly
educated women may have more incentives to marry because by attaining
a higher education level they may become more attractive in the marriage
market (Oppenheimer ). If incentives to get married are diminished,
the increased proportion of never-married women may deteriorate the
health distribution at the population level, because on average never-
married show higher mortality risks and worst health outcomes than
married persons (Hu and Goldman ; Ikeda et al. ). Reductions
in incentives to marry may lower women’s fertility, having an additional
impact on their health when they become old. In a context of increasing
patterns of co-habitation, like the USA, changes in gains from marriage
(induced by improving women’s education) and subsequent changes in fer-
tility and health may differ between married and co-habiting couples. Yet, in
the Mexican context given that (a) about  per cent of co-habiting couples
last more than  years (Ojeda and González ), (b) there are no differ-
ences in fertility behaviour between co-habiting and married couples
(Rodríguez-Vignoli ), and (c) about  per cent of unions who start
co-habiting legalise their unions (Ojeda and González ), we argue
that improving women’s education will affect women’s gains from
forming a union and fertility behaviour similarly for both union types (i.e.
marriage and co-habitation).
The strong educational assortative mating found in comparative research

implies that improvements in women’s education will lead to the choice of a
better-educated partner (e.g. Esteve and McCaa ; Mare ; Smits,
Ultee and Lammers ), which in turn may lead to better health out-
comes in later life, given that spouse’s education is positively associated
with individual’s health (Huijts, Monden and Kraaykamp ; Monden
et al. ; Tafani, Gaspio and Maldonado ) and survival chances
(Bosma et al. ).
Improvements in women’s and husband’s education will reduce the

number of children they will bear (Bongaarts ; Jejeebhoy ;
Skirbekk ), and will lead to improvements of offspring’s education,
given the strong intergenerational association (Mare ; Shavit and
Blossfeld ; Oreopoulos, Page and Stevens ) and the negative asso-
ciation between sibship size and education (Guo and VanWey ). Better-
educated offspring will be more able to provide their parents with financial
support and health information, which ultimately may enhance their health
(Friedman and Mare ; Zimmer, Hermalin and Lin ). This is likely
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to be the case in Mexico where intergenerational financial transfers are
dominated by flows from offspring to old parents (Wong and Palloni
). At the population level, improvements in offspring’s education
should increase societal capacity to provide old-age support.
The relationship between fertility and health in old age, however, is not

conclusive. On the one hand, the reduction in family size may have positive
consequences on health because high-parity women are more likely to
present worse health outcomes (e.g. Engelman et al. ; Grundy and
Holt ; Grundy and Tomassini ; Kington, Lillard and Rogoswsk
); moreover, having and raising many children may lead to economic
strain, role overload and stress, leading to worse health (Hank ). On
the other hand, the reduction in the number of children may have no
impact on health (Spence ), or it may even have negative effects on
health in some social contexts (Hank ).
In sum, changes in women’s education, when they are young, influence

their health when they are old in multiple ways: directly, through the
impact of education on health, and indirectly through the impact of educa-
tion on marriage, fertility and offspring’s education. The demographic
model in this paper considers how improvements in women’s education
will change the configuration of the next generation (smaller but better
educated), who will provide support for the older adults. Changes in the
educational composition of the next generation can modify the societal cap-
acity to cope with the changing age structure of the population. Because
burdens of population ageing should be determined by socio-economic cap-
acity and age structure, this consideration is important when studying popu-
lation ageing. This model provides a framework that allows for the analysis
of how upgrading the educational attainment of a targeted sub-group in the
population may affect GSRs, through changes in spouses’ educational distri-
bution, in fertility behaviour, in the offspring’s educational distribution and
in the health distribution of older adults.

Study site

We examine the effects of education on the health distribution of women
age + in Mexico, one of the most rapidly ageing countries in the world
(OECD ). Between  and  Mexico experienced a decrease
from . to . working-age people per older adult; this ratio grew to  by
, and decreased dramatically to . in , which is slightly above
the OECD average of . (OECD ). By , . per cent of the
households in Mexico included at least one adult age +. Rapid increases
in life expectancy and decreases in fertility rates are responsible for this
rapid population ageing. Life expectancy at birth increased from . in
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 to  in , while total fertility rate decreased from . in  to
. children per woman in  (Instituto Nacional de Estadística y
Geografía (INEGI) ).
Even though Mexico’s age structure is changing very rapidly, the country

is not well prepared for population ageing in terms of old-age pension pro-
grammes. Less than  per cent of Gross Domestic Product (GDP) was spent
in  and  on publicly funded old-age survivor benefits (Kapteyn
; OECD ). Compared to other OECD countries, Mexico showed
the lowest expenditures on these benefits as a percentage of GDP. Even
though Mexico reformed its pension system in , the new system only
covers a minority of the population given that the reform mainly targets
people employed in the formal economy, while a large fraction ( per
cent) of the working population is employed in the informal sector
(INEGI ). Pension benefits are even more limited to Mexican older
women given that they were less likely to participate in the labour force.
Consequently, Mexicans still rely on the family to provide care for the
older population (De Vos, Solís and Montes de Oca ). In Mexico,
social norms enforce an obligation of the family to provide care for their
older adults, in the form of personal services and/or financial resources
(Jáuregui, Poblete and Salgado-Snyder ; Wong and Palloni ).
Demographic ageing represents an important challenge in terms of

health provision. To deal with this problem, the Mexican government
implemented a new policy in , Seguro Popular (SP), aimed at providing
health insurance to the uninsured population. The main purpose of the
programme is to reduce out-of-pocket health expenditure and to improve
population health outcomes. Universal health coverage was attained in
. After six years of implementation the evidence regarding the
impact of SP on health expenditure was mixed. Some studies showed that
in poor rural areas, SP reduced out-of-pocket health expenditure among
beneficiaries (Barofsky ; Grogger et al. ; Sosa-Rubí, Galárraga
and López-Ridaura ). Yet, this result disappears when other identifica-
tion strategies of statistical models are employed (Barofsky ; Sosa-Rubí,
Galárraga and López-Ridaura ). Regarding health-care utilisation and
health outcomes, other studies showed SP induced higher rates of health-
care utilisation among beneficiaries (Arenas et al. ; Knaul et al.
); yet, no impact on health conditions was found in rural areas
(Barofsky ), and only impacts on maternal mortality and mortality of
children younger than five years were found at the national level (Knaul
et al. ). These results have cast some doubt on the quality of the services
provided by the programme. The lack of impact of SP on health conditions
can be explained by the fact that the time frame since the implementation
of the policy is not long enough to observe changes.
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Mexico also experienced rapid educational expansion in tandem with
demographic changes. Between  and , average years of schooling
increased from . (. for males and . for females) to . (. for males
and . for females) (Consejo Nacional de Población ; INEGI ),
the percentage of women that completed secondary education increased
from . to . per cent (Esteve, Garcia-Roman and Lesthaeghe ),
and women’s participation in the labour market increased from . in
 to . in  (INEGI ). Such a dramatic increase in education-
al attainment needs to be accounted for in any discussion of dependency.

Research design

Baseline model

Based on Kye et al. (), we model the effect of education on health using
a recursive model (see Equation ) in which the distribution of older
women’s health is jointly determined by educational attainment, marital
status and partner’s education, differential fertility, and children’s educa-
tion.

hkrjl ji ¼ pSkji rikp
O
j jik r�1ð Þp

H
l jikrj ; ð5Þ

where i is woman’s education, r is the number of children; (r− ) is the
number of siblings; k is marital status–husband’s education, j is children’s
education, l is health outcomes; hkrjl|i represents the joint distribution of
marital status–husband’s education, number of children, offspring’s educa-
tion and health outcomes conditional on woman’s education; pskji represents
the probability distribution of marital status–husband’s education condi-
tional on woman’s education; rik is the expected number of children born
to couples with woman’s education i and husband’s education k; pOj jik r�1ð Þ
is the probability distribution of offspring’s education conditional on
woman’s education i, marital status–husband’s education k, and the
number of siblings r –  for children of these couples; pHijkrj is the health dis-

tribution conditional on woman’s education i, marital status–husband’s
education k, the number of children r and offspring’s education j.
We estimate four equations separately. First, we estimate marriage behav-

iour through a multinomial logistic regression to calculate the probability
distribution of marital status–husband’s education conditional on
woman’s education (pskji). This specification differs from Kye et al. ()
which used an ordinal logistic model to predict husband’s education.
Whereas the Korean data included husband’s education for the

 Erika Arenas et al.

Core terms of use, available at https:/www.cambridge.org/core/terms. https://doi.org/10.1017/S0144686X16000751
Downloaded from https:/www.cambridge.org/core. Access paid by the UCSB Libraries, on 12 Jun 2017 at 19:44:45, subject to the Cambridge

https:/www.cambridge.org/core/terms
https://doi.org/10.1017/S0144686X16000751
https:/www.cambridge.org/core


separated/divorced and widowed, our data (the Mexican Health and Aging
Study) do not have this information. In addition, whereas non-marital fertil-
ity is extremely rare in Korea, this is not negligible in Mexico. Hence, we
classified marital status–husband’s education into seven categories:
married with husband of , –, –, + years of schooling, never-
married, widowed and separated/divorced. Because there is no clear order-
ing in these categories, we use multinomial logistic regression. Second, we
estimate fertility through a Poisson regression to calculate expected
number of children conditional on marital status–husband’s education
and woman’s education (rik). In this estimation, we treat the combination
of marital status and husband’s education as a set of categorical variables
because we do not know the education of husbands who were deceased
or divorced. Third, we model the intergenerational transmission of educa-
tion through an ordinal logistic regression to estimate the probability distri-
bution of offspring’s education conditional on number of siblings, marital
status–husband’s education and mother’s education (pOj jikr ). Finally,

through a binary logistic regression we calculate the probability distribution
of health status conditional on woman’s education, marital status–husband’s
education, offspring’s education and number of children (pHl jikrj).
The estimated parameters are used to calculate each conditional prob-

ability in Equation (). Using the estimated hkljr|i and observed marginal dis-
tribution of women’s education, the expected marginal distribution of
women’s health outcomes in old age is estimated in the following way:

cHl ¼
Xi

i¼1

Xk
k¼1

hkljr jiWi ð6Þ

where Ĥl is the distribution of expected older adult health and Wi are mar-
ginal distributions of own education.
The predicted probability distributions of offspring’s education and

health status of older adults, as well as the expected number of children,
are used to compute the GSRs for a baseline scenario.

Simulations

We compute ĥkrjl ji for different scenarios that vary by changes in the educa-
tion distribution of women, and the presence or absence of changes in the
distributions associated with demographic processes (i.e. pSkji ; rik ; p

O
j jikr ). By

conducting simulations, in which each or some of the demographic pro-
cesses are held constant, we are able to show how these processes
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improve or worsen older adults’ health, and what is the contribution of each
demographic process on changes in GSRs.
After simulating the health distribution, we compute two different ratios.

First, we compute the ratios of simulated proportion healthy to the baseline
(observed) proportion healthy. Ratios greater than  indicate that improve-
ments in educational attainment lead to improvements in the health of
older adults. These ratios, computed in various conditions in which inter-
vening demographic mechanisms are present or absent, show the propor-
tional changes in the health distribution and the contribution of each
demographic element to such changes. We also compute the ratios of simu-
lated GSRs to baseline GSRs to assess how changes in educational attain-
ment in one generation lead to changes in the generational support
structure of the population.
The simulation analysis basically summarises the results found in the re-

gression analysis. For example, if there is a strong association between edu-
cation and health of older adults, improvement in education will lead to a
sizeable increase in the proportion healthy. Should our goal be estimating
the contribution of each demographic element to the health of older
adults, it would be sufficient to examine indirect effects in the path analysis
or structural equation modelling framework. However, we focus on the
jointly changing configuration of the older adults and their offspring.
Analytically, we are simultaneously handling two generations, or two units
of analysis at the same time. In this situation, regression coefficients per se
are not sufficient to present estimates of interest. Hence, we conduct simu-
lations to see how changes in women’s education lead to changes in the off-
spring’s educational distribution and on the health distribution of these
women in old age, using the GSRs as key measures.
Because key measures in simulation analyses are based on parameter esti-

mates from four different regressions, we use a bootstrapping method to
compute standard errors (Efron and Tibshirani ). First, we resample
, bootstrap samples with replacement from the original data-set.
Second, we compute for each bootstrap sample the four sets of regressions
and compute predicted probability distributions and the expected number
of children by their education needed to estimate GSRs. Third, based on
this information, we compute for each sample ratios of simulated propor-
tion healthy to baseline proportion healthy, and simulated GSRs to baseline
GSRs. Finally, we estimate standard errors of estimates by computing the
standard deviations of these ratios.
Even though improvements in educational attainment may lead to

increases in the number of survivors in old age and the number of surviving
offspring, our model does not account for the effect of differential mortality
by education due to the lack of suitable data (see Discussion section).
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Data

We use the Mexican Health and Aging Study (MHAS), a longitudinal study
of health and ageing in Mexico, with national and urban–rural representa-
tions. The baseline survey was conducted in  and is representative of
the Mexican population of the year , aged  and over. The sample
size is , households with around , individuals and covers all 
states in Mexico (ENASEM ). The MHAS includes socio-demographic
characteristics, family composition, fertility and health outcomes. To
account for survey design, we used sampling weights in the descriptive ana-
lysis and in all regression models. We add to the regressions controls for age,
rural residence and living in a high migration state. We considered using
more recent data from the Mexican Family Life Survey (MXFLS) instead
of MHAS, and conducted a parallel analysis with them. Although more
recent, the MxFLS includes a smaller number of respondents age +, low-
ering statistical power. Hence, we use MHAS in the final analysis.

Analytical sample

Our sample includes women age + at baseline: a total of , eligible
respondents. Of the , original respondents,  per cent were dropped
due tomissing data on health outcomes, number of children or on offspring’s
education, resulting in an analytical sample of , women. We explore mis-
representativeness due tomissing data and find that education, marital status,
rural residence and living in a high migration state are not associated with
non-response. However, we find that women aged + are . times more
likely to be missing in the sample compared to youngest group of women.
We constructed two analytical samples. The first sample is used for the

health, marriage and fertility models, and consists of women age +. The
second sample is used for the intergenerational transmission of education
model and consists of the offspring of the women in the first sample.
Childless women do not contribute any observations in this sample. The
second sample has , observations. Offspring younger than  years
old were excluded in the analysis (N = ) given that these children are
likely to continue in school, and we are interested in estimating an interge-
nerational transmission of education model with measures of final educa-
tional attainment for both parents and their offspring.
We use three measures of health: self-reported health (SRH), difficulty in

performing activities of daily living (ADLs) anddifficulty inperforming instru-
mental activities of daily living (IADLs). We dichotomise SRH into good
health (‘excellent’, ‘very good’ and ‘good’) and other (‘fair’ and ‘poor’).
We use two measures of functional limitations: difficulty in performing
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ADLs and difficulty in performing IADLs. The ADL items include walking
within a room, bathing, eating, getting out of bed and lying down, and
using the toilet. We classify respondents as functionally limited in ADLs if
they report at least one limitation in any of these items. The IADLs items
include preparing a hot meal, shopping, managing money and taking medi-
cations. We classify respondents as functionally limited in IADLs if they
report at least one limitation in anyof these items.These twomeasuresof func-
tional limitations capture more objective health conditions and measure dif-
ferent aspects of independent living among older adults (Wiener et al. ).
Weclassify women’s education into four categories: no instruction,– years,

– years and + years of schooling. Marital status–husband’s education is
classified into seven categories. For our model, the relevant categories are:
never married, married to a husband with no instruction, with – years, with
– years and with + years of schooling. The sixth and seventh categories
classify widows ( per cent), and separated or divorced ( per cent). Adding
these categories into the models does not provide an estimation of the associ-
ation between husband’s education and women’s characteristics, because hus-
band’s education is missing for the widowed and separated/divorced women.
Instead, this estimation allows us to estimate the relationship between
women’s characteristics and husband’s characteristics that are measured by
husband’s education – if available – and marital status. This is equivalent to
using a dummy indicator for the missing information, and keeps the observa-
tions with missing information on husband’s education (Allison ).
To capture the education of younger cohorts, we classify offspring’s edu-

cation into four categories: less than , –, – and + years of school-
ing. In the health model, we use the percentage of children in each
educational category as a measure of offspring’s education. For childless
women (who represent  per cent of the sample) we set the four categories
equal to zero. This specification is equivalent to a ‘dummy variable adjust-
ment’ method in handling missing data (see Allison : –).

Results

Descriptive results

Table  shows descriptive statistics of the two samples. Means, standard
deviations and percentages shown in this table are weighted to represent
estimates at the population level; the number of observations is
unweighted.The first column of Table  shows summary statistics for
Mexican women age +. Most of these women show low educational attain-
ment; about  per cent of them never married,  per cent are married,
 per cent are separated/divorced and  per cent are widowed; their
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T A B L E  . Descriptive statistics

Women’s sample Transmission sample

Age (%):
– .. ..
– . .
– . .
– . .
+ . .
Total . .

Rural (%) . .
High migration states (%) . .
Women’s education (years) (%):
 . .
– . .
– . .
+ . .
Total . .

Marital status–husband’s education (years) (%):
Married,  . .
Married, – . .
Married, – . .
Married, + . .
Never-married . .
Widowed . .
Separated/divorced . .
Total . .

Number of offspring (SD) . (.) –
Number of siblings (SD) – . (.)

Offspring’s education (years) (%):
– – .
– – .
 – .
+ – .
Total – .

Health (%):
SRH is good . –
No ADLs . –
No IADLs . –

Observations (N) , ,

Notes: Percentages, means and standard deviations (SD) are weighted; the number of observa-
tions is unweighted. SRH: self-reported health. ADLs: activities of daily living. IADLs: instrumen-
tal activities of daily living.
Source: Mexican Health and Aging Study, .
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husbands’ educational attainment is fairly low; and, on average, they have
. surviving children. In terms of health,  per cent reported having
good health, while  and  per cent reported not having difficulties per-
forming ADLs nor IADLs, respectively. Differences between SRH and
ADLs/IADLs are expected given that SRH is shaped not only by physical
health (i.e. current illnesses, diseases, physical functioning), but also by
mental health, health behaviours and health comparisons to other
people, while functional limitations are mainly determined by disabilities
(Johnson and Wolinsky ; Krause and Jay ).
The second column of Table  shows statistics of offspring’s mothers in

the transmissionmodel. In this sample, women with more surviving children
are represented more. Mothers in this sample are slightly younger, less edu-
cated, more likely be currently married, more likely to have less-educated
husbands and more likely to be widowed compared to the women in the
first sample. Consistent with previous research on social mobility showing
that the offspring generation is likely to surpass the educational attainment
of their parents (Bherman, Gavira and Székely ; Torche ), our
data show offspring’s education is higher than mother’s education. On
average, offspring have . siblings, which is higher than the average
number of children in the women’s sample, because offspring of more
fertile women are more represented in the transmission sample.

Regression analyses

Tables A, A and A in the Appendix show the results for the marriage,
fertility and health models. In terms of marriage behaviour (see
Table A), we find a pattern of educational homogamy among married
women, and a positive association between education and the probability
of singlehood. This finding is consistent with the hypothesis that improve-
ments in women’s education may lessen the incentives to marry due to
reductions in marriage returns. In terms of fertility (see Table A), we find
a negative relationship between women’s education and fertility, and
never married women show the lowest fertility. We do not find a significant
relationship between husband’s education and fertility.
The intergenerational transmission of education model (see Table A)

shows that offspring’s education is strongly associated with parental
education. Having one sibling more is associated with a  per cent [ ×
(− e−.)] decrease in the odds of attaining a higher educational cat-
egory, net of the other variables in the model.
The health model (see Table A) shows educational gradients in health in

terms of all health measures. Marrying husbands with higher education, as
well as not marrying anyone, is associated with better women’s health only in
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terms of IADLs. We do not find any effects of offspring’s education on SRH
nor on ADLs; however, we find a positive effect in terms of IADLs. Having an
additional child decreases the odds of reporting good health, in terms of
SRH, by  per cent, holding the other variables in the model constant.

Scenarios

Our simulations consist of changing  per cent of women from lower to
higher educational categories according to two different scenarios:

. From  to + years of education.
. From – to – years of education.

We conjecture first that improvements in women’s education will lower
incentives to marry and lead to marriages with better-educated husbands
due to educational homogamy. Second, this improvement will be associated
with a reduction in fertility, which will be enhanced by the increase in the
proportion of never-married women. Third, improvements in parental edu-
cation and the reduction in the number of siblingsmay lead to improvements
in offspring’s education. The magnitude of changes in educational distribu-
tion,  per cent change from the lower to the higher category, is arbitrary. It
would be possible to devise more realistic scenarios, but we made this deci-
sion for two reasons. First, this exercise will be sufficient to show the implica-
tions of educational upgrading for the jointly changing configuration of the
older adult generation and their offspring generation. Second, to facilitate
comparisons with the Korean results in Kye et al. ().
Due to educational gradients on health, these changes may improve the

health distribution of older adults, which will be enhanced by improvements
in husband’s and offspring’s education in terms of SRH and IADLs.
Subsequent fertility reductions may worsen the health distribution in
terms of SRH.
Upgrading women’s education will decrease the number of offspring per

adult age + (GSR); however, the directions of the changes in the other
GSRs will depend on the relative change in the number of unhealthy
adults age + (which is expected to decrease) and the number of offspring
(which is also expected to decrease).

Simulations

Figure  shows ratios of simulated proportion healthy to baseline propor-
tion healthy for the two scenarios. Figures – show ratios of simulated
GSRs to baseline GSRs. Ratios greater than  mean that simulated
changes in education lead to an increase in the proportion healthy or in
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Figure . Ratios of simulated proportion healthy to baseline proportion healthy.
Notes: M: assortative marriage. F: differential fertility. T: intergenerational transmission of education. N: absence of each element. For example, M_F_T
simulation assumes changes in women’s education lead to changes in husband’s education, number of children and children’s education; for the
NM_NF_NT simulation, none of these changes occur. Box plots show medians (middle lines), – percentiles (boxes) and . times interquartile
ranges (outer lines). Sampling variability was estimated through bootstrapping (, replications). SRH: self-reported health. ADLs: activities of daily
living. IADLs: instrumental activities of daily living.
Source: Mexican Health and Aging Study, .
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Figure . Simulated Generational Support Ratios (GSR)/baseline GSR.
Notes: See Figure .
Source: Mexican Health and Aging Study, .
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Figure . Simulated Generational Support Ratios (GSR)/baseline GSR for self-reported health (SRH).
Notes: See Figure .
Source: Mexican Health and Aging Study, .
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Figure . Simulated Generational Support Ratios (GSR)/baseline GSR for activities of daily living (ADLs).
Notes: See Figure .
Source: Mexican Health and Aging Study, .
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Figure . Simulated Generational Support Ratios (GSR)/baseline GSR for instrumental activities of daily living (IADLs).
Notes: See Figure .
Source: Mexican Health and Aging Study, .




Erika
A
renas

etal.

Core term
s of use, available at https:/w

w
w

.cam
bridge.org/core/term

s. https://doi.org/10.1017/S0144686X16000751
D

ow
nloaded from

 https:/w
w

w
.cam

bridge.org/core. Access paid by the U
CSB Libraries, on 12 Jun 2017 at 19:44:45, subject to the Cam

bridge

https:/www.cambridge.org/core/terms
https://doi.org/10.1017/S0144686X16000751
https:/www.cambridge.org/core


the GSRs. Box plots are presented to show point estimates of these ratios
along with sampling variability. The box plots show the medians (middle
lines), the  and  percentiles (boxes) and . time interquartile
ranges (outer lines). We consider that a ratio is statistically significant if
the . interquartile range does not include .
Within each scenario, we made several assumptions regarding the demo-

graphic processes involved. As indicated at the bottomof Figure, M represents
marriage behaviour, F is differential fertility andT is intergenerational transmis-
sion of education. N indicates the absence of respective elements. For example,
M_F_T simulation assumes changes in women’s education lead to changes
in husband’s education, number of children and children’s education. By
contrast, for the NM_NF_NT simulation, none of these changes occur.

Changes in the health distribution of women age +

In terms of SRH, most of our conjectures are supported. First, an improve-
ment in women’s education has a direct positive effect on health. For
example, in scenario  the NM_NF_NT simulation shows that by improving
 per cent women’s education from  to + years, the proportion healthy
increases by . per cent. We get similar results for scenario , but improve-
ments are smaller because changes in women’s education are not as dramat-
ic as in scenario . Second, we find that demographic processes enhance
health distributions. For example, we find that changes in fertility behav-
iour, due to upgrading women’s education from  to + years, increases
the proportion healthy by . per cent (. in NM_F_NT minus .
in NM_NF_NT). This is the case because fertility is negatively associated
with health status. In this scenario, considering only changes in offspring’s
education (seeNM_NF_T), the proportion healthy increases by . per cent;
and considering only changes in marriage behaviour (i.e. reduction in
incentives for marriage and educational homogamy), this proportion
increases by . percentage points in scenario . By taking into account
all demographic processes (see M_F_T), the initial improvement in the pro-
portion healthy is boosted by . percentage points in scenario  and by .
per cent. This suggests that the change in marriage behaviour is the most
important demographic factor that boosts the health distribution of older
women. Third, by comparing the two scenarios we find that the magnitude
of the contribution of these demographic processes on the health of women
age + is stronger if the improvement in women’s education involves
greater changes in their educational attainment.
In terms of ADLs, we find that improvements in women’s education have

a slight positive effect in the health distribution. For ADLs, the proportion
healthy increases . and . per cent in scenarios  and , respectively (see
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NM_NF_NT). However, demographic processes do not have further effects
on the health distribution in terms of ADLs, because number of offspring
and offspring’s education are not significantly associated with the ADLs.
In terms of IADLs, we find that improvements in women’s education
improve the proportion healthy by . per cent, in scenario . Changes in
marriage behaviour increase the proportion healthy by an additional .
percentage points, which does not appear substantial.
The results are generally comparable with the Korean results. As expected,

in both countries, improvements in educational attainment lead to improve-
ments in the health distribution of older women. Nonetheless, the patterns
are also distinctive. First, the magnitude of changes in each scenario is a bit
larger in Mexico than in Korea. Whereas a  per cent change from  to 

years of schooling leads to a . per cent increase in the percentage healthy
in terms of SRH in Korea (M_F_T model), this amounts to . per cent in
Mexico. A stronger educational gradient in health in Mexico yields this dif-
ference. Second, whereas offspring’s education is the most important demo-
graphic factor in Korea, marriage is the most important in Mexico. Because
the model specification is somewhat different, it may be difficult to reach a
firm conclusion regarding this matter.

Changes to GSRs

Figure  shows that improvements in women’s education reduce the number
of total offspring per woman age +. However, the change is not substantial.
By contrast, we can see substantial increases in the number of offspring with
college or more per woman age + (e.g. . per cent in scenario ). These
improvements result from the strong contribution of the intergenerational
transmission of education (see NM_NF_T). These results suggest the older
population can be supported by a better-educated offspring.
In terms of SRH, Figure  shows the number of total offspring per un-

healthy woman age + increases by . per cent in scenario  (see
NM_NM_NT). This is the case because improvements in women’s educa-
tion reduce the proportion unhealthy. After taking into account demo-
graphic processes, the increase in the support ratio is no longer
significant. A similar pattern is observed in terms of ADLs and IADLs (see
Figures  and ). The reduction in the size of the offspring’s generation
is responsible for the insignificant effect of the educational upgrading on
the ratio of all offspring to unhealthy woman age +.
We find changes in fertility, marriage and offspring’s education contrib-

ute significantly to the change of the number of offspring with college or
more per unhealthy woman age +. Again, transmission is the main con-
tributor in the change of this ratio; for example, in terms of SRH, upgrading
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women’s education from  to + years boosts this ratio from . per cent to
. per cent. In terms of ADLs and IADLs, we also observe similar but
somewhat stronger patterns. Even though ADLs are not significantly
related to fertility and marriage at the micro-level, at the population level
upgrading women’s education leads to important changes in the offspring’s
configuration that affect significantly the number of college-educated off-
spring per unhealthy woman age +.
The patterns found here are generally comparable to the Korean results.

However, the magnitudes of change differ. Whereas the ratio of college-
educated offspring to unhealthy woman age + increased by . per
cent in Korea, in terms of SRH (in the M_F_T model), this amounts to a
. per cent increase in Mexico. Similar patterns are observed for other
health outcomes. The larger impact in Mexico may be the result of the ex-
istence of a stronger educational gradient in health in Mexico and differ-
ences in the offspring’s educational distribution.

Discussion

Our study estimates GSRs to examine the dependency of older generations
to new generations, taking into account health heterogeneity of the older
population and education heterogeneity in the offspring generation. We
apply the same method as Kye et al. () to examine what would be the
effect of a public policy that changes the education of a targeted sub-
group of women when they are young, on their own health when they
become older, taking into account changes in marriage and fertility beha-
viours and changes in offspring’s education.
Our results for Mexico show that upgrading women’s education has a

direct positive effect on their health distribution when educational upgrad-
ing involves greater changes in educational attainment. Effects on the
health distribution of women age + are larger in terms of SRH than in
terms of ADLs and IADLs. Accounting for changes in marriage, fertility
and offspring’s education did not make a sizeable difference in the propor-
tion healthy in Mexico. This suggests intervening demographic variables are
not influential in determining the health distribution of older women.
Changes in marriage behaviour are slightly more important than changes
in fertility and offspring’s education. This general pattern is similar to the
Korean case. However, the impact of education on the health of older
women is stronger in Mexico than in Korea. The stronger educational gra-
dient in health in Mexico explains this difference, which may reflect institu-
tional differences in access to health care in both countries. While in Korea
health-care access has been universal since the s, in Mexico, for the
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cohorts analysed, health-care access was selective. Hence, differences in in-
dividual resources should be more important in determining health in later
life in Mexico than in Korea, leading to a stronger educational gradient in
health of older women. Differences in educational gradients in health
between Mexico and Korea are likely to diminish in the future, given that
Mexico recently implemented SP, a policy intended to provide universal
health coverage to the uninsured population. Yet, even with the implemen-
tation of SP, a stronger educational gradient in the health of older women
may persist in Mexico compare to Korea if health services provided by SP in
Mexico are of lower quality than in Korea.
Interestingly, inMexico the change inmarriage behaviour was themost im-

portant demographic intervening factor boosting the proportion healthy (see
Figure ), while in Korea changes in offspring’s education weremore salient.
The comparison suggests that the way in which demographic factors matter
in the final health distribution of older adults depends on societal context.
Family ties in East Asian countries tend to be stronger than in Western coun-
tries although these countries experienced rapid modernisation (Lee et al.
; Sung ). This suggests that traditional norms are still working
in these countries. Evidence from the USA shows stronger ties among
Mexican immigrant families (compared to US families), given that
Mexican families usually keep the primary care-giving responsibilities of
their older family members (Clark and Huttlinger ; Dilworth-
Anderson, Williams and Gibson ). Hence, the weak association found
in our study between offspring’s education and parental health in old age
may be surprising. Yet, this association may be explained by the fact that in
Mexico, even though intergenerational financial transfers are dominated
by flows from offspring to older parents (Wong and Palloni ), better-
educated parents (compared to parents with no education) are less likely
to receive financial transfers from their offspring (Wong and Higgins ).
In terms of GSRs, results for the Mexican context show that although fer-

tility reductions decrease the number offspring per woman age +,
improvements in offspring’s education boosts the number of offspring
with college or more per woman age +. Of all the demographic processes
considered, improvement in offspring’s education is the main factor driving
up these ratios. This implies that by upgrading women’s education, the older
population can rely on their better-educated offspring for their support.
Again, the patterns found here are consistent with the Korean results, which

confirm the importance of taking into account intervening demographic pro-
cesses in the calculation of GSRs. However, the larger impact inMexicomay be
the result of the existence of a stronger educational gradient in health for older
women in Mexico and differences in offspring’s education. As mentioned
before, the stronger educational gradient in health in Mexico may reflect
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institutional differences in health-care access. Differences in educational attain-
ment across countries may also explain the greater impact that a policy like this
may have onGSRs inMexico than in Korea.Whereas . per cent of offspring
received at least some college education in Korea, only . per cent of
Mexican offspring attained the same amount of schooling. Hence, educational
upgrading in the mother’s generation leads to larger proportional change in
Mexico than in Korea, yielding a larger change in this GSR. Finally, the roles
of assortative mating and differential fertility are relatively smaller in Mexico
than in Korea in terms of GSRs. In Korea, assortative mating and differential
fertility are important in terms of the ratio of college-educated offspring to un-
healthy women age +, although changes in offspring’s education is the most
important for changingGSRs. InMexico, the change in offspring’s education is
also themost important factor for the changing GSRs among the demographic
variables considered. Marriage and fertility are almost negligible compared
with offspring’s education. Interestingly, this is the case although offspring’s
education is not a strong predictor of women’s health in old age. This illustrates
the importance of accounting for intervening demographicmechanisms in de-
scribing the changing configurations of the population associated with the
changes in education. Differences between Korea and Mexico should also
reflect differences in offspring’s educational attainment and distinctive
family formation processes.
Our study has several limitations. First, our results cannot be generalised to

the entire population because our sample includes only female respondents.
We confined the analysis to the female population to avoid analytic complex-
ities associated with two-sex models. Because it is unlikely that substantial
gender differences in the relationships exist in the patterns examined in
the analysis, this selection may not be a great concern. Nonetheless, we
need to mention one caveat in this matter. Care-giving activities are gen-
dered. Women are mostly primary care-givers in Mexico (Jáuregui, Poblete
and Salgado-Snyder ; Mendez-Luck Kennedy and Wallace ).
Higher labour market participation among better-educated women would
change arrangements of gendered care-giving, probably reducing care-
giving provision within the family or household. Our model does not
consider this aspect. This is particularly problematic in assessing the role of
offspring’s education on changing GSRs. In this sense, our model is likely
to overestimate the benefit of improvement in offspring’s education to
some extent. However, it is important to consider that changes in gender
and intergenerational relations in Mexico have changed family obligations
and expectations about the care of older adults. Even though women con-
tinue to be the most important providers of care for their older parents,
recent cohorts perceived this type of care as collective and as the obligation
of all siblings (men and women) (Robles and Pérez ). Second, at the
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individual level, themodel assumes that education is exogenous and that hus-
band’s education, number of children, offspring’s education and women’s
health status are endogenous. However, these assumptions may not reflect
reality because the relationship between (a) women’s and husbands’ educa-
tion, (b) women’s education and number of children, and (c) women’s edu-
cation and health may not be causal (Angrist and Pischke ; Logan, Hoff
andNewton ; Schmidt ). Nonetheless, themodel assumes that edu-
cation is exogenous to illustrate the demographic pathways through which
education may affect health. Third, at the population level, the model
assumes that changes in the distribution of education affect the age structure
of the population. However, changes in the age structure of the population
may lead to changes in educational attainment (Lee and Mason ). We
do not intend to establish causality between education and age structure;
nevertheless, by assuming that changes in the educational distribution are ex-
ogenous, we are able to show how differential fertility, educational assortative
mating and the intergenerational transmission of education affect GSRs. In
addition, the changing GSRs were estimated under the assumption that
the relationships among the variables included in themodels are not affected
by changes in the educational distribution of women. However, improve-
ments in women’s education are likely to change these relationships. In
this sense, our estimates of changing GSRs tell us the implications of demo-
graphic pathways for GSRs under the currently observed relationships
rather than forecasting a future trend. Another implication of this assump-
tion is that our model does not incorporate the possibility of changes in
the health-care system, which is unrealistic given that the system is very
likely to change as the educational distribution improves. To incorporate
this possibility in our model it would be necessary to have access to data
that allow the proposal of sensible scenarios about future changes in the
health-care system. Unfortunately, we do not have appropriate data to do
this task. Fourth, we did not consider the possibility of saturation of educa-
tional attainment, either. Although educational opportunity has expanded
dramatically in bothMexico and Korea, there should be some limit. This sug-
gests that the estimates presented in the current study may not accurately
forecast the future, given that our study considers the currently observed rela-
tionships to estimate the effect of education on the changing generational
support structure. Fifth, our model does not account for the effect of differ-
ential mortality by education. In particular, we know that improvements in
educational attainment may lead to increases in the number of survivors in
old age and the number of surviving offspring. However, this model does
not account for the impact in support ratios and the proportion unhealthy
that arise as a consequence of greater longevity or the reduction in infant
mortality, due to the lack of suitable data for Mexico. Kye et al. ()
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adjusted for differential mortality by education, but the adjustment made
little difference. Conjecturing from the Korean results, we expect that distor-
tion due to this omission would not be substantial. These limitations notwith-
standing, the model used in this study provides a framework that allows
integration of the impact of demographic processes in the complex relation-
ship that exists between education, health and support ratios.

Conclusion

Population ageing is a phenomenon that proceeds in tandem with socio-
economic development (Lee and Mason ). Changes in age structure
are linked to changes in the configuration of the offspring’s generation as
well as in the configuration of the older generation. Older people will
enjoy better health than before and offspring will have better capacity to
provide support than before. Research on population ageing should
account for this jointly changing process. The current study does this job
by applying a demographic model that accounts for marriage, fertility and
the intergenerational transmission of education (Kye et al. ). The
cross-national comparison with Korea confirms the importance of taking
into account demographic processes when analysing possible impacts of
public policies aimed at expanding education on GSRs. The comparison
also highlights that implementing a public policy focused on expanding
the educational attainment of a sub-group of women will have a greater
effect in terms of improving the health distribution of older adults in coun-
tries with selective access to health care (as opposed to countries with uni-
versal access to health care). The cross-national comparison also suggests
that the way in which demographic factors matter in the final health distri-
bution of older adults depends on societal context.
In terms of policy, increasing health-care coverage may seem an easier

and faster strategy to improve the health of older adults, rather than policies
focused on improving educational attainment. However, increasing cover-
age does not fixed the problem of the quality of services available for this
population. Policies focused on the improvement of educational distribu-
tion are more likely to promote healthy lifestyles, self-sufficiency and eco-
nomic independence of the population once they become old. In
addition, these policies are likely to enhance the socio-economic position
of the offspring that will provide care for them. Altogether, improvements
in education may help the older population avoid marginalisation and
poverty, which is a key problem in less-developed countries (Gutiérrez-
Robledo ), with important consequences in terms of health. Policy dis-
cussions about future requirements of the older population need to rely on
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support ratios that take into account characteristics of older adults and of
the offspring that will provide for them.

Acknowledgements

The first author greatly appreciates Esther M. Friedman for providing inspiring ideas
for the approach taken in this study. Robert D. Mare and the Mare-Seltzer Research
Group provided valuable suggestions. The authors are also grateful for financial
support from the Korea Foundation.

References

Adler, N. E. and Ostrove, J. M. . Socioeconomic status and health: what we know
and what we don’t. Annals of the New York Academy of Sciences, , , –.

Allison, P. . Missing Data. Sage, Thousand Oaks, California.
Angrist, J. D. and Pischke, J. S. . Mostly Harmless Econometrics: An Empiricist’s

Companion. Princeton University Press, Princeton, New Jersey.
Arenas, E., Parker, S., Rubalcava, L. and Teruel, G.M. . Evaluación del Programa

del Seguro Popular del  al : Impacto en la Utilización de Servicios Médicos,
en el Gasto en Salud y en elMercado Laboral. El Trimestre Económico, , , –.

Barofsky, J. . Estimating the Impact of Health Insurance in Developing Nations:
Evidence from Mexico’s Seguro Popular. Available online at http://isites.harvard.
edu/fs/docs/icb.topic.files/Barofsky%J%%Estimating%impact
%of%health%insurance%in%Mexico%--.pdf [Accessed
 January ].

Batljan, I., Lagergren, M. and Thorslund, M. . Population ageing in Sweden: the
effect of change in educational composition on the future number of older people
suffering severe ill-health. European Journal of Ageing, , , –.

Batljan, I. and Thorslund, M. . The effect of change in educational composition
on population ageing. European Journal of Ageing, , , –.

Becker, G. . A theory ofmarriage: part I. Journal of Political Economy, , , –.
Bherman, J. R., Gavira, A. and Székely, M. . Intergenerational mobility in

LatinAmerica. Report Number , Inter-American Development Bank,
Washington DC, USA.

Bloom, D., Canning, D. and Sevilla, J. . The Demographic Dividend, A New
Perspective on the Economic Consequences of Population Change. Rand, Santa
Monica, CA, USA.

Bongaarts, J. . Completing the fertility transition in the developing world: the role
of educational differences and fertility preferences. Population Studies, , , –.

Bosma, H., Appels, A., Sturmans, F., Grabauskas, V. and Gostauta, A. .
Educational level of spouses and risk of mortality: the WHO Kaunas-Rotterdam
intervention study (KRIS). International Journal of Epidemiology, , , –.

Chandola, T., Clarke, P., Morris, J. N. and Blane, D. . Pathways between educa-
tion and health: a causal modelling approach. Journal of the Royal Statistical Society,
A, , –.

Clark, M. and Huttlinger, K. . Elder care among Mexican American families.
Clinical Nursing Research, , , –.

Consejo Nacional de Población . Situación actual de la mujer en México: Diagnóstico
socio-demográfico. Consejo Nacional de Población, México DF.

 Erika Arenas et al.

Core terms of use, available at https:/www.cambridge.org/core/terms. https://doi.org/10.1017/S0144686X16000751
Downloaded from https:/www.cambridge.org/core. Access paid by the UCSB Libraries, on 12 Jun 2017 at 19:44:45, subject to the Cambridge

http://isites.harvard.edu/fs/docs/icb.topic1126414.files/Barofsky%20J%20%20Estimating%20impact%20of%20health%20insurance%20in%20Mexico%209-27-2011.pdf
http://isites.harvard.edu/fs/docs/icb.topic1126414.files/Barofsky%20J%20%20Estimating%20impact%20of%20health%20insurance%20in%20Mexico%209-27-2011.pdf
http://isites.harvard.edu/fs/docs/icb.topic1126414.files/Barofsky%20J%20%20Estimating%20impact%20of%20health%20insurance%20in%20Mexico%209-27-2011.pdf
http://isites.harvard.edu/fs/docs/icb.topic1126414.files/Barofsky%20J%20%20Estimating%20impact%20of%20health%20insurance%20in%20Mexico%209-27-2011.pdf
https:/www.cambridge.org/core/terms
https://doi.org/10.1017/S0144686X16000751
https:/www.cambridge.org/core


Cutler, D. and Llera-Muney, A. . Education and health: evaluating theories and
evidence. In Schoeni, R. F., House, J. S., Kaplan, G. A. and Pollack, H. (eds),
Making Americans Healthier. Russell Sage Foundation, New York, –.

De Vos, S., Solís, P. and Montes de Oca, V. . Receipt of assistance and extended
family residence among elderly men in Mexico. International Journal of Aging and
Human Development, , , –.

Dilworth-Anderson, P., Williams, I. C. and Gibson, B. E. . Issues of race, ethnicity,
and culture in caregiving research: a -year review (–). Gerontologist, , ,
–.

Efron, B. and Tibshirani, R. J. . An Introduction to the Bootstrap. Chapman and
Hall, New York.

ENASEM . Estudio Nacional de Salud y Envejecimiento en México : Documento
Metodológico, Reporte del Proyecto. Available online at http://www.mhas.pop.upenn.
edu/english/documents/Methodological/Doc_metodologico-v.pdf [Accessed
 June ].

Engelman,M., Agree, E.M., Yount, K.M. and Bishai, D. . Parity and parents’ health
in later life: the gendered case of Ismailia, Egypt. Population Studies, , , –.

Esteve, A., Garcia-Roman, J. and Lesthaeghe, R. . The family context of cohabit-
ation and single motherhood in Latin America. Population and Development Review,
, , –.

Esteve, A. and McCaa, R. . Homogamia Educacional en México y Brasil, –
 Pautas y Tendencias. Latin American Research Review, , , –.

Friedman, E. M. and Mare, R. D. . The schooling of offspring and the survival of
parents. Demography, , , –.

Gauthier, A. H. . The impact of family policies on fertility in industrialized coun-
tries: a review of the literature. Population Research and Policy Review, , , –.

Goldstein, J. R. . How population age. In Uhlenberg, P. (ed.), International
Handbook of Population Aging. Springer, New York, –.

González, K. D. . Envejecimiento demográfico en México: análisis comparativo
entre entidades federativas. In Consejo Nacional de, Población (ed.), La situación
demográfica de México . Consejo Nacional de Población, México DF, –.

Grogger, J., Arnold, T., Leon, A. S., Ome, A. and Triyana, M. . Identificación y
análisis de los efectos del Seguro Popular en el gasto en salud de los afiliados.
Discussion Paper, Centro de Investigación y Docencia Económicas, Evaluation
commissioned by the Comision Nacional de Proteccion Social en Salud
(CNPPS), México D.F., México.

Grundy, E. and Holt, G. . Adult life experiences and health in early old age in
Great Britain. Social Scicence Medicine, , , –.

Grundy, E. and Tomassini, C. . Fertility history and health in later life: a record
linkage study in England and Wales. Social Science and Medicine, , , –.

Guo, G. and VanWey, L. K. . Sibship size and intellectual development: is the
relationship causal? American Sociological Review, , , –.

Gutiérrez-Robledo, L. M. . Looking at the future of geriatric care in developing
countries. Journal of Gerontology, A, , M–.

Hank, K. . Childbearing history, later-life health, and mortality in Germany.
Population Studies, , , –.

Hu, Y. and Goldman, N. . Mortality differential by marital status: an internation-
al comparison. Demography, , , –.

Huijts, T., Monden, C. W. S. and Kraaykamp, G. . Education, educational heter-
ogamy, and self-assessed health in Europe: a multilevel study of spousal effects in
 European countries. European Sociological Review, , , –.

Impact of education and health heterogeneity on GSRs

Core terms of use, available at https:/www.cambridge.org/core/terms. https://doi.org/10.1017/S0144686X16000751
Downloaded from https:/www.cambridge.org/core. Access paid by the UCSB Libraries, on 12 Jun 2017 at 19:44:45, subject to the Cambridge

http://www.mhas.pop.upenn.edu/english/documents/Methodological/Doc_metodologico-v2.pdf
http://www.mhas.pop.upenn.edu/english/documents/Methodological/Doc_metodologico-v2.pdf
http://www.mhas.pop.upenn.edu/english/documents/Methodological/Doc_metodologico-v2.pdf
https:/www.cambridge.org/core/terms
https://doi.org/10.1017/S0144686X16000751
https:/www.cambridge.org/core


Ikeda, A., Iso, H., Toyoshima, H., Fujino, Y., Mizoue, T., Yoshimura, T., Inaba, Y.,
Tamakoshi, A. and JACC Study Group . Marital status and mortality among
Japanese men and women: the Japan Collaborative Cohort Study. BMC Public
Health, , –.

Instituto Nacional de Estadística y Geografía (INEGI) . Mujeres y hombres en
México . INEGI, Aguascalientes, Mexico.

Instituto Nacional de Estadística y Geografía (INEGI) . Available online at
http://www.inegi.org.mx/sistemas/temas/default.aspx?s=est&c=&t=
[Accessed  January ].

Jáuregui, B., Poblete, E. and Salgado-Snyder, V.N. . El papel de la red
familiar y social en el procesos de envejecimiento en cuatro ciudades de México.
In Salgado de Snyder, V. N. and Wong, R. (eds), Envejecimiento, pobreza y salud en
población urbana. Instituto Nacional de Salud Pública, Cuernavaca, Mexico, –.

Jejeebhoy, S. . Women’s Education, Autonomy, and Reproductive Behaviour:
Experiences from Developing Countries. Clarendon Press, Oxford.

Johnson, R. J. and Wolinsky, F. D. . The structure of health status among older
adults: disease, disability, functional limitation, and perceived health. Journal of
Health and Social Behavior, , , –.

Joung, I. M., Kunst, A. E., van Imhoff, E. and Mackenbach, J. P. . Education,
aging, and health: to what extent can the rise in educational level relieve the
future health (care) burden associated with population aging in the
Netherlands? Journal of Clinical Epidemiology, , , –.

Kalwij, A. . The impact of family policy expenditure on fertility in Western
Europe. Demography, , , –.

Kapteyn, A. . What can we learn from (and about) global aging. Demography, ,
supplement , s–.

Kington, R., Lillard, L. and Rogoswsk, J. . Reproductive history, socioeconomic
status, and self-reported health status of women aged  years or older. American
Journal of Public Health, , , –.

Knaul, F., González-Pier, E., Gómez-Dantés, O., García-Junco, D., Arreola-Ornelas, H.,
Barraza-Lloréns, M., Sandoval, R., Caballero, F., Hernández-Avila, M., Juan, M.,
Kershenobich, D., Nigenda, G., Ruelas, E., Sepúlveda, J., Tapia, R., Soberón, G.,
Chertorivski, S. and Frenk, J. . The quest for universal health coverage: achiev-
ing social protection for all in Mexico. The Lancet, , , –.

Krause, N. M. and Jay, G. M. . What do global self-rated health items measure?
Medical Care, , , –.

Kye, B., Arenas, E., Teruel, G. and Rubalcava, L. . Education, elderly health, and
differential population aging in South Korea: a demographic approach.
Demographic Research, , –.

Lee, R. and Mason, A. . Fertility, human capital, and economic growth over the
emographic transition. European Journal of Population, , , –.

Lee, R. and Tuljapurkar, S. . Death and taxes: longer life, consumption, and
social security. Demography, , , –.

Lee, Y. J., Parish, W. L. and Willis, R. J. . Sons, Daughters, and Intergenerational
Support in Taiwan. American Journal of Sociology, , , –.

Logan, J. A., Hoff, P. D. and Newton, M. A. . Two-sided estimation of mate pre-
ferences for similarities in age, education, and religion. Journal of the American
Statistical Association, , , –.

Lutz, W., Butz, W. and KC, S. (eds) . World Population and Human Capital in the
Twenty-First Century. Oxford University Press, Oxford.

Lutz, W., Cuaresma, J. C. and Sanderson, W. . The demography of educational
attainment and economic growth. Science, , , –.

 Erika Arenas et al.

Core terms of use, available at https:/www.cambridge.org/core/terms. https://doi.org/10.1017/S0144686X16000751
Downloaded from https:/www.cambridge.org/core. Access paid by the UCSB Libraries, on 12 Jun 2017 at 19:44:45, subject to the Cambridge

http://www3.inegi.org.mx/sistemas/temas/default.aspx?s=est&amp;c=25433&amp;t=1
http://www3.inegi.org.mx/sistemas/temas/default.aspx?s=est&amp;c=25433&amp;t=1
https:/www.cambridge.org/core/terms
https://doi.org/10.1017/S0144686X16000751
https:/www.cambridge.org/core


Lutz, W., Goujon, A. and Wils, A. . The population dynamics of human capital
accumulation. Population and Development Review, , –.

Lutz, W. and KC, S. . Global human capital: integrating education and popula-
tion. Science, , , –.

Lutz, W., Sanderson, W. and Scherbov, S. (eds) . The End of World Population
Growth in the st Century: New Challenges for Human Capital Formation and
Sustainable Development. Earthscan, New York.

Lutz, W., Sanderson, W. and Scherbov, S. . The coming acceleration of global
population ageing. Nature, , , –.

Mare, R. D. . Change and stability in educational stratification. American
Sociological Review, , , –.

Mare, R. D. . Five decades of educational assortative mating. American
Sociological Review, , , –.

Martin, L., Schoeni, R. F. and Adnreski, P. M. . Trends in health of older adults
in theUnited States: past, present, and future.Demography, , supplement , s–.

McDonald, P. . Sustaining fertility through public policy: the range of options.
Population (English Edition), , , –.

Mendez-Luck, C. A., Kennedy, D. P. andWallace, S. P. . Guardians of health: the
dimensions of elder caregiving among women in a Mexico city neighbourhood.
Social Science and Medicine, , , –.

Monden, C.W. S., Van Lenthe, F., De Graaf, N. D. and Kraaykamp, G. . Partner’s
and own education: does who you live with matter for self-assessed health, smoking
and excessive alcohol consumption? Social Science and Medicine, , , –.

Ojeda, N. and González, E. . Divorcio y separación conyugal en México en los
albores del siglo XXI. Revista Mexicana de Sociología, , , –.

Oppenheimer, V. K. . A theory of marriage timing. American Journal of Sociology,
, , –.

Oreopoulos, P. . Do dropouts drop out too soon? Wealth, health and happiness
from compulsory schooling. Journal of Public Economics, , /, –.

Oreopoulos, P., Page, M. E. and Stevens, A. H. . Intergenerational effects of
compulsory schooling. Journal of Labor Economics, , , –.

Organisation for Economic Co-operation and Development (OECD) . Society at
a Glance : OECD Social Indicator. Available online at http://www.oecd-ilibrary.
org/social-issues-migration-health/society-at-a-glance-_soc_glance--en
[Accessed  January ].

Organisation for Economic Co-operation and Development (OECD) . Social
Expenditure Update – Social Spending is Falling in Some Countries, But in Many Others
it Remains at Historically High Levels. Available online at http://www.oecd.org/
els/soc/OECD-Social-Expenditure-Update-Nov-pages.pdf [Accessed
 January ].

Robles, L. and Pérez, A. C. . Expectativas sobre la obligación filial: comparación
de dos generaciones en México. Revista Latinoamericana de Ciencias Sociales, Niñez y
Juventud, , , –.

Rodríguez-Vignoli, J. . Unión y cohabitación en América Latina: ¿modernidad,
exclusión, diversidad? Serie Población y Desarrollo , Proyecto Regional de
Población Centro Latinoamericano y Caribeño de Demografía (CELADE) –
División de Población de la CEPAL and the UN Population Fund (UNFPA),
New York.

Ross, C. E. and Wu, C. L. . The links between education and health. American
Sociological Review, , , –.

Sanderson, W. C. and Scherbov, S. . The characteristics approach to the meas-
urement of population aging. Population and Development Review, , , –.

Impact of education and health heterogeneity on GSRs

Core terms of use, available at https:/www.cambridge.org/core/terms. https://doi.org/10.1017/S0144686X16000751
Downloaded from https:/www.cambridge.org/core. Access paid by the UCSB Libraries, on 12 Jun 2017 at 19:44:45, subject to the Cambridge

http://www.oecd-ilibrary.org/social-issues-migration-health/society-at-a-glance-2011_soc_glance-2011-en
http://www.oecd-ilibrary.org/social-issues-migration-health/society-at-a-glance-2011_soc_glance-2011-en
http://www.oecd-ilibrary.org/social-issues-migration-health/society-at-a-glance-2011_soc_glance-2011-en
http://www.oecd.org/els/soc/OECD2014-Social-Expenditure-Update-Nov2014-8pages.pdf
http://www.oecd.org/els/soc/OECD2014-Social-Expenditure-Update-Nov2014-8pages.pdf
http://www.oecd.org/els/soc/OECD2014-Social-Expenditure-Update-Nov2014-8pages.pdf
https:/www.cambridge.org/core/terms
https://doi.org/10.1017/S0144686X16000751
https:/www.cambridge.org/core


Schmidt, L. . Risk preferences and the timing of marriage and childbearing.
Demography, , , –.

Shavit, Y. and Blossfeld, H. P. (eds), . Persistent Inequality. Westview Press,
Boulder, Colorado.

Skirbekk, V. . Fertility trends by social status. Demographic Research, , –.
Smith, K. V. and Goldman, N. . Socioeconomic differences in health among

older adults in Mexico. Social Science and Medicine, , , –.
Smits, J., Ultee, W. and Lammers, J. . Educational homogamy in  countries:

an explanation of differences in openness using country-level explanatory vari-
ables. American Sociological Review, , , –.

Sosa-Rubí, S. G., Galárraga, O. and López-Ridaura, R. . Diabetes treatment and
control: the effect of public health insurance for the poor in Mexico. Bulletin of the
World Health Organization, , , –.

Spasojevic, J. . Effects of education on adult health in Sweden: results from a
natural experiment. In Slottje, D. and Tchernis, R. (eds), Current Issues in Health
Economic. Emerald Group Publishing, Bradford, UK, –.

Spence, N. J. . The long-term consequences of childbearing physical and psy-
chological well-being of mothers in later life. Research on Aging, , , –.

Sung, K. T. . An Asian perspective on aging east and west: filial piety and chan-
ging families. In Bengtson, V. L., Kim, K.-D., Myers, G. C. and Eun, K.-S. (eds),
Aging in the East and West: Families, States, and the Elderly. Springer, New York, –.

Tafani, R., Gaspio, N. and Maldonado, R. . Economía, Educación y Salud
Materno Infantil. Revista Salud Pública, , , –.

Torche, F. .Movilidad Intergeneracional en México: Primeros Resultados de la Encuesta
ESRU de Movilidad Social en México. Centro de Estudios Espinosa Iglesias, México D.
F., México.

Wiener, J. M., Hanley, R. J., Clark, R. and Van Nostrand, J. F. . Measuring the
activities of daily living: comparisons across national surveys. Journals of
Gerontology: Social Sciences, , , s–.

Wong, R. and Higgins, M. . Dynamics of intergenerational assistance in middle-
and old-age in Mexico in health of aging Hispanics. In Angel, J. L. and
Whitfield, K. E. (eds), Springer, New York, –.

Wong, R. and Palloni., A. . Aging in Mexico and Latin America. In Uhlenberg, P.
(ed.), International Handbook of Population Aging. Springer, New York, –.

Zimmer, Z., Hermalin, A. I. and Lin, H. S. . Whose education counts? The
added impact of adult-child education on physical functioning of older
Taiwanese. Journal of Gerontology, , B, S–.

Accepted  June 

Address for correspondence :
Erika Arenas,
Social Science and Media Studies Building Room ,
University of California Santa Barbara,
CA -, USA

E-mail: earenas@soc.ucsb.edu

 Erika Arenas et al.

Core terms of use, available at https:/www.cambridge.org/core/terms. https://doi.org/10.1017/S0144686X16000751
Downloaded from https:/www.cambridge.org/core. Access paid by the UCSB Libraries, on 12 Jun 2017 at 19:44:45, subject to the Cambridge

mailto:earenas@soc.ucsb.edu
https:/www.cambridge.org/core/terms
https://doi.org/10.1017/S0144686X16000751
https:/www.cambridge.org/core


Appendix

T A B L E A  . Multinomial logistic regression of marital status on women’s education

Variables

Married, +
versus Married,
no schooling

Married, +
versus Married,
– education

Married, +
versus Married,
– education

Married, +
versus Never
married

Married, +
versus Widowed

Married, +
versus
Separated or
divorced

β p β p β P β p β p β p

Age:
– – – – – – – – – – – – –
– −. . . . −. . −. . . . . .
– . . . . . . . . . . . .
– . . . . −. . . . . . . .
+ . . . . . . . . . . . .

Rural . . . . . . . . . . . .
High migration states . . . . . . . . . . . .
Women’s education (years):
 – – – – – – – – – – – –
– −. . −. . −. . −. . −. . −. .
– −. . −. . −. . −. . −. . −. .
+ −. . −. . −. . −. . −. . −. .

Constant . . . . . . . . . . . .
Log pseudo-likelihood −,,.

Notes: Number of observations = ,. Values are weighted regressions.
Source: Mexican Health and Aging Study, .
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T A B L E A  . Fertility and transmission models

Fertility (Poisson)
Offspring education
(Ologit)

β z P β z p

Age:
– – – – – – –
– −. −. . −. −. .
– −. −. . −. −. .
– −. −. . −. −. .
+ −. −. . −. −. .

Rural . . . −. −. .
High migration states . . . −. −. .
Women’s education (years):
 – – – – – –
– . . . . . .
– −. −. . . . .
+ −. −. . . . .

Marital status–husband’s education
(years):
Married,  – – – – – –
Married, – −. −. . . . .
Married, – −. −. . . . .
Married, + −. −. . . . .
Never–married −. −. . . . .
Widowed −. −. . . . .
Separated/divorced −. −. . . . .

Number of siblings −. −. .
Constant . . .
Cut points:
Cut point  −. .
Cut point  . .
Cut point  . .

Log pseudo-likelihood −,,. −,.
Observations (N) , ,

Note: Values are weighted regressions.
Source: Mexican Health and Aging Study, .
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T A B L E A  . Logit regressions of the association between women’s education and health

SRH ADLs IADLs

Gross
effect p

Net
effect p

Gross
effect p

Net
effect p

Gross
effect p

Net
effect p

Age:
– – – – – – – – – – – – –
– −. . −. . −. . −. . −. . −. .
– −. . −. . −. . −. . −. . −. .
– −. . −. . −. . −. . −. . −. .
+ −. . −. . −. . −. . −. . −. .

Rural . . . . . . . . . . . .
High migration states −. . −. . −. . −. . −. . . .
Women’s education (years):
 – – – – – – – – – – – –
– . . . . . . . . . . . .
– . . . . . . . . . . . .
+ . . . . . . . . . . . .

Marital status–husband’s education
(years):
Married,  – – – – – –
Married, – . . . . . .
Married, – . . . . . .
Married, + . . −. . . .
Never-married . . . . . .
Widowed . . . . −. .
Separated/divorced . . −. . . .

Number of offspring −. . . . −. .
Offspring’s education (years):
– – – – – – –
– . . . . . .
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T A B L E A  . (Cont.)

SRH ADLs IADLs

Gross
effect

p Net
effect

p Gross
effect

p Net
effect

p Gross
effect

p Net
effect

p

 . . . . . .
+ . . . . . .

Constant −. . −. . . . . . . . . .
Log pseudo-likelihood −,, −,,. −,,. −,,. −,,. −,,.

Notes: Number of observations = ,. Values are weighted regressions.
Source: Mexican Health and Aging Study, .
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