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Abstract
Objective. Research on early life socioeconomic status 
(SES), education and mortality is less established in develop-
ing countries. This analysis aims to determine how SES and 
education are patterned across the life course and associated 
with adult mortality in Mexico. Materials and methods. 
Data comes from 2001-2012 Mexican Health & Aging Study 
(Mexican adults age 50+, n=11 222). Cox proportional hazard 
models predict mortality using baseline covariates. Results. 
In unadjusted analyses, similar mortality was seen across 
levels of early life SES. Lower early life SES was associated 
with better survival after accounting for education in the 
younger cohort. Lower education was only associated with 
mortality in the younger cohort. Conclusions. Early life SES 
was associated with education but the relationship between 
education and mortality differed across cohorts in Mexico. 
Selective survival and differential returns to education may 
explain differences. 
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Resumen
Objetivo. Determinar cómo el estatus socioeconómico 
(ES) en la vida temprana y la educación alcanzada están 
asociados con la mortalidad adulta en México. Material 
y métodos. Se usaron datos longitudinales del Estudio 
Nacional de Salud y Envejecimiento en México 2001-2012 
sobre adultos de 50 años o más (n=11 222), por cohortes 
de edad. Para predecir la mortalidad, se utilizaron modelos 
proporcionales de Cox con covariables en la encuesta basal. 
Resultados. Con datos no ajustados, la mortalidad resultó 
similar entre niveles de ES en la vida temprana. Después de 
ajustarlos por educación, se encontró que un bajo ES en la 
vida temprana está asociado con baja mortalidad y que la 
educación predice mortalidad solamente en las cohortes de 
edad joven. Conclusiones. El ES temprano está asociado 
con la educación alcanzada, pero la relación entre educación 
y mortalidad difiere por cohortes de adultos mayores en Mé-
xico. La selectividad en sobrevivencia y el beneficio diferencial 
de la educación pueden explicar las diferencias identificadas 
entre cohortes de edad. 
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While much research has addressed the relationship 
between adulthood socioeconomic status (SES) 

and health outcomes, less of it has examined how early 
life risk factors, including SES and education, shape late 
life outcomes and even less research has done so in 
developing countries such as Mexico. Indeed, aging is a 
lifelong process which, as Kierkegaard once stated “can 
only be understood backwards, but... lived forwards”.1 
Understanding late life health often necessitates the use 
of a life course perspective. Conditions throughout the 
course of life can shape exposure to later risk factors 
and many factors including early life SES, education, 
migration and employment are patterned across the life 
course. Previous research has shown early life SES to 
be associated with health conditions, including mental 
health,2 coronary heart disease,3 mortality from stroke 
events,4 and cardiovascular diseases and related risk 
factors.5 Applying a life course perspective to the study 
of late life health outcomes is an important step towards 
understanding population aging. 
 The relationship between early life SES and mor-
tality has frequently been addressed6-14 in developed 
countries. Many studies acknowledge the importance 
of mediating variables which may connect early life 
exposures to late life outcomes15 and have noted the 
need to examine education as a mediating variable, as 
education is an important risk factor for mortality in 
multiple countries.16 Given the well-established rela-
tionship between education and mortality, one cannot 
describe the relationship between early life SES and 
mortality without considering the role of educational 
achievement. However, research on the relationships 
between early life SES, education and mortality are not 
common in developing countries.
 While SES and mortality are consistently associated 
in developed countries, research on SES and mortality 
in developing countries is infrequent and conflicting. 
Research in Taiwan has demonstrated lower mortality 
among the higher educated.17 Additionally, research in 
China has shown marginally significant associations 
between early life SES and late life mortality and signifi-
cant associations between higher education and lower 
mortality.18 Previous research in Wuhan, China, had 
found similar education and mortality trends.19 Finally, 
Costa Rica presents an interesting point of comparison for 
Mexico as both are located within Latin America, contain 
an older population which aged during epidemiologic 
transitions prior to infectious disease eradication20 and are 
experiencing population aging.21 Research in Costa Rica 
has found education to predict lower self-rated health but 
not mortality.20 However, Costa Rica differs from other 
developing countries in many ways. For this reason, it is 
important to examine Mexico as a unique case.

 Research in life course epidemiology has suggested 
multiple frameworks through which early life SES may 
be related to late life outcomes, including frameworks 
which allow risk factors to be patterned across the life 
course.15 Using such frameworks, conditions in early life 
are hypothesized to predict future risk factors which pre-
dict outcomes. Likewise, we suggest a theoretical model 
which addresses the importance of mediating variables 
connecting early life SES to late life mortality risk in 
which early life SES predicts educational achievement, 
which in turn predicts late life health behaviors, late 
life financial standing, chronic conditions and access to 
health care, all of which ultimately predict mortality. The 
use of this framework allows researchers to understand 
the process through which early life factors shape late 
life outcomes through both direct and indirect effects. 
Results will suggest where research and policy changes 
should be applied.
 Understanding how early life SES and education 
influence mortality is an important step towards im-
proving population health. However, it is insufficient to 
address this question without considering demographic 
changes in the context in which aging takes place. 
Mexico is experiencing an epidemiologic transition 
evidenced by decreases in communicable disease and 
increases in mortality from myocardial infarctions and 
diabetes.22 Studies of late life mortality risk are becom-
ing increasingly important as the Mexican population 
is aging quickly.23 Additionally, Mexico has experienced 
urbanization24 and increases in education25 at the 
population level. Given these demographic changes, 
differences across birth cohorts must be examined and 
explicitly modeled.
 Thus, the aim of this analysis is to determine how 
predictors of mortality throughout the life course (early 
life SES, educational achievement, health behaviors, late 
life SES and access to health care) are associated with 
mortality and related throughout the life course. Addi-
tionally, we aim to document differences across cohorts 
of older Mexicans in the relationship between early 
life SES and mortality. The importance of this research 
hinges on understanding late life mortality and how 
future birth cohorts are likely to differ in developing 
societies that are aging rapidly such as Mexico.

Materials and methods
Data for this analysis comes from all three waves of the 
Mexican Health and Aging Study (MHAS),26 a longitu-
dinal, household based sample of older Mexicans (age 
50+) and spouses. Interviews were completed in 2001, 
2003, and 2012, providing eleven years of follow-up. 
The baseline sample consisted of approximately 11 000 
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households with a sample size of 15 186. The study was 
approved by the Institutional Review Boards or Ethics 
Committees of the University of Texas Medical Branch 
in the United States, and the Instituto Nacional de Es-
tadística y Geografía (INEGI) and the Instituto Nacional 
de Salud Pública (INSP) in Mexico. The MHAS is partly 
sponsored by the National Institutes of Health/National 
Institute on Aging (grant number NIH R01AG018016).* 
The MHAS has had low attrition with response rates 
of 88% in wave 3 (2012), nine years after the previous 
wave (2003).27 Due to the focus on older adults in this 
analysis, respondents and spouses age 50+ are kept. 
Respondents were eliminated if they had no follow up 
time, if respondents had missing data on covariates or 
if the mortality month could not be determined (n=115). 
After exclusions, the sample size became 11 222 with 
2 589 mortality events.

Covariates

While analyses of mortality typically use vital registra-
tion records, an innovative feature of this analysis is the 
use of longitudinal survey data with long term follow 
up. This provides the opportunity to take advantage 
of the rich detailed covariates necessary for life course 
research. Covariates throughout the life course are de-
scribed next. Educational achievement (years of formal 
education) is categorized as none, 1-5 years, 6 or 7 or 
more years. Late life SES is operationalized as self-
reported financial standing. Those who report “good,” 
“very good,” or “excellent” financial standing are col-
lapsed into one category. To examine mortality across 
birth cohorts, the sample is divided into two cohorts: 
those who were born before 1940 and those born in 1940 
and after. Early life SES is proxied as self-reported pres-
ence of a toilet in the household prior to age 10. 
 Rural/urban residence is operationalized as 
whether the community in which the respondent lived at 
baseline had more or fewer than 100 000 persons. Marital 
status is categorized as married or in a consensual union, 
widowed, and other. Smoking is categorized as current, 
former, and never smoker. Alcohol consumption is a bi-
nary variable, inquiring whether the respondent has con-
sumed four or more alcoholic beverages in a day during 
the past three months. Exercise is a binary variable, wich 
finds out whether the respondent has exercised or done 
hard physical work at least three times a week on average 
in the previous two years. Also, depressive symptoms 
are included in the analysis using a nine item Center 

for Epidemiologic Studies Depression (CES-D)28 scale 
in which respondents report experiencing symptoms of 
depression during the previous week. Respondents with 
more than three depressive symptoms are considered 
more depressed. Body mass index (BMI) is calculated 
using self-reported heights and weights and classified 
as non-obese and obese. The validity of self-reported 
height and weight has been demonstrated in previous 
work.29 Dummy variables are created for respondents 
who have missing values on the CES-D scale or BMI to 
keep respondents in the analysis.

Statistical analysis

The outcome, all-cause mortality, is determined through 
next of kin interviews. If respondents die between survey 
waves, next of kin interviews are conducted in which a 
mortality month is reported. This is used to calculate 
a time-to-event for mortality (time in months between 
respondents‘ baseline interviews and mortality months). 
Respondents who are lost to follow up or still alive at 
the end of the study are censored at their last success-
ful interview. Time-to-censor is calculated as months 
between a respondent’s baseline interview and last 
successful interview. Respondents who contribute no 
follow-up time are not included. Data is analyzed using 
Cox proportional hazard models fit with SAS 9.3. The 
proportionality assumption is tested using Schoenfeld 
residuals. Models are stratified by non-proportional pre-
dictors, allowing the baseline hazard function to differ 
between levels of non-proportional predictors.
 Statistical models are organized to reflect stages of 
the life course and establish direct and indirect effects 
of variables. Model 1 contains characteristics of the 
respondent in early life or birth (age, sex and early life 
SES). Model 2 includes covariates between early life and 
the survey (educational achievement, marital status, 
and United States migration history). Model 3 adds 
characteristics from the time of the interview (rural/
urban location, tobacco/alcohol consumption, physical 
activity, health service access, self-reported financial 
standing, obesity and depressive symptoms). Models 
are fit separately by birth cohort.

Results
Descriptive results by birth cohort and levels of early life 
SES are shown in table I. Both cohorts had more females. 
The average age across cohorts was 62. Approximately 
two-thirds of the sample lived in an urban area at base-
line. Approximately two-thirds of the sample did not 
have a toilet in the household prior to age 10. Given this 
large percentage, this group is referred to as the “lower 

* Data files and documentation are public use and available at refe-
rence 26
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Table I

Distribution of characteristics of olDer mexican aDults by early life socioeconomic status

anD birth cohort age 50+ from the mexican health anD aging stuDy (mhas), wave 1 (2001)*

Lower early life SES
(n=7 515)

Higher early life SES
(n=3 707)

Born before 1940
(n=5 505)

Born 1940 or after
(n=5 717)

Age
Mean age (standard deviation) 63.02 (9.55) 60.09 (8.49) 69.77 (7.08) 54.63 (3.12)

Sex
Female % 53.5 57.8 53.8 56.0

Area of residence
Urban % 56.9 86.0 64.3 68.6

Educational achievement
No education % 32.4 8.5 32.1 17.2
1-5 years % 41.7 22.6 38.4 33.2
6 years % 16.1 23.0 15.2 21.4
7+ years % 9.8 45.0 14.4 28.2

Marital status
Married % 70.1 68.2 60.8 77.7
Widowed % 18.9 17.4 28.4 8.8
Other % 11.0 14.5 10.8 13.5

US migration history
US return migrant % 10.1 7.4 11.5 7.0

Health behaviors
Current smoker % 16.2 18.1 14.2 19.4
Former smoker % 28.1 26.0 31.3 26.6
Never smoker % 55.7 55.8 54.4 56.9
4+ drinks, past 3 months % 7.9 8.6 5.8 10.5
Exercise % 33.7 32.3 27.9 38.5

Health care access
Any access % 57.0 75.2 63.8 62.3

Self-assessed financial standing
Good % 14.5 32.1 18.5 22.0
Fair % 66.1 57.6 62.6 63.9
Poor % 19.4 10.3 18.9 14.1

Chronic conditions
Diabetic % 16.3 16.0 17.5 15.0
Hypertensive % 39.2 38.4 42.4 35.5

BMI
Obese % 16.5 21.4 13.9 22.2
Not obese % 53.1 64.8 56.8 57.1
Missing % 30.4 13.8 29.3 20.7

Depressive symptoms
High % 60.4 48.7 60.8 52.5
Low % 36.9 49.2 36.2 45.5
Missing % 2.7 2.1 3.1 2.0

* n=11 222
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early life SES” group and interpreted in relative terms 
to the “higher early life SES” group. In the full sample, 
the most common response for years of education was 
1-5 years with higher education in the younger cohort 
and the higher early life SES groups. The majority of 
both cohorts were married and the majority of both 
cohorts were never smokers with little difference across 
cohorts or levels of early life SES. The majority of the full 
sample had access to health care with less access among 
the lower early life SES groups. The most common as-
sessment of current financial standing was “fair”, but 
the lower early life SES group assessed their financial 
standing lower in both cohorts. Of the full sample, ap-
proximately 16% were diabetic and approximately 39% 
were hypertensive at baseline.
 Regression models include risk factors throughout 
the life course including late life to determine whether 
the relationship between early life factors such as SES 
and education are mediated by factors later in the life 
course. Regression results for the cohort born before 
1940 are shown in table II. Tests of Schoenfeld residuals 
showed non-proportionality of two variables: age and 
regular exercise. A variable is created for age which is 
0 if the respondent is below age 70 and 1 if the respon-
dent is age 70+. Models are stratified by the binary age 
and regular exercise variables to account for predictor 
non-proportionality. The associations between age, 
exercise and mortality cannot be shown as the models 
are stratified by these predictors. In the older cohort, 
age-adjusted survival did not differ by levels of early life 
SES. In model 1, being male was associated with higher 
mortality. Education, marital status, and US migration 
history were added in model 2. Marital status pre-
dicted mortality with greater risk among widowed and 
other (divorced/separated/never married) compared 
to married respondents. In model 3, rural/urban loca-
tion, health behaviors, health care access, self-assessed 
financial standing, chronic conditions and depressive 
symptoms are added. In the full model, being male, 
not being married, being a current or former smoker 
compared to never smoker, reporting a financial stand-
ing of “poor” compared to “good,” being diabetic, being 
hypertensive and having higher or missing levels of 
depressive symptoms at baseline were associated with 
higher mortality.
 Regression results for the cohort born 1940 or af-
ter are shown in table II. Tests of Schoenfeld residuals 
showed that obesity violated the proportionality as-
sumption. Models were stratified by obesity to account 
for non-proportionality. In this younger cohort, early life 
SES was not associated with mortality in model 1 (haz-
ard ratio [HR]: 0.89) while higher age and being male 
were associated with mortality. When education, marital 

status and US migration history are added in model 
2, important differences appear across cohorts. Lower 
education was not associated with mortality in the older 
cohort but was associated with mortality risk in the 
younger cohort. After adding education to the model, 
a protective association of lower early life SES emerges. 
The lower early life SES group showed better survival 
given their lower educational levels. When covariates 
are added in model 3, education-mortality associations 
are attenuated suggesting education impacts mortality 
indirectly through health behaviors and chronic condi-
tions. A direct effect of education on mortality remained 
with a significant HR for the 1-5 years of education 
group compared to 7+ years. Other education variable 
HRs remained above 1. Being a current versus never 
smoker, not exercising regularly, being diabetic, being 
hypertensive and having more depressive symptoms at 
baseline were associated with higher mortality.

Sensitivity analysis

While only 115 cases for whom a mortality month was 
not possible to be determined were excluded from the 
analysis, to account for possible biases, respondents 
with missing mortality months who had died dur-
ing follow up were assigned a mortality month by 
randomly selecting an individual within their early 
life SES group who had experienced mortality and as-
signing the randomly selected respondent’s mortality 
month to the respondent with a missing event time. 
This process was conducted to generate 10 sets of ran-
domly assigned mortality months. After refitting the 
model with the missing observations, no model differed 
substantially from models excluding those missing on 
mortality month. Additionally, as the presence of toilets 
in households in childhood likely differs across rural/
urban areas, we take advantage of a variable from the 
second wave (2003) of the MHAS: whether the respon-
dent’s area of residence when living with parents was 
in a rural or urban area. This variable was included in 
a model with only respondents present in 2003. The 
inclusion of the early life residence variable did not 
impact interpretations of key parameters.

Reliability and validity of proxy variables

To determine the reliability and validity of the presence 
of a toilet in the household in childhood measure in 2001, 
we take advantage of the 2003 early life (prior to age 10) 
conditions battery in which the respondents are asked 
two years later if they had a toilet in the household in 
childhood giving the opportunity to establish test-retest 
reliability. A chi-square test demonstrates test-retest reli-
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Table II

cox proportional hazarD moDels preDicting mortality (all causes)
in the mexican health anD aging stuDy (mhas), between waves 1 (2001)

anD 3 (2012) among olDer mexican aDults (age 50+) by cohort*

Born before 1940 (n=5 505) Born after 1940 (n=5 717)
Model 1‡ Model 2 Model 3 Model 1 Model 2 Model 3

HR‡ p‡ HR p HR p HR p HR p HR p

Demographics  
     Age • • •  1.09 # 1.08 # 1.08 #

     Male 1.35 # 1.48 # 1.68 # 1.21 ‡ 1.35 # 1.44 #

Early life  
     No toilet 1.13 1.09 1.11  0.89 0.78 § 0.76 §

Education  
     No education 1.10 1.03  1.49 § 1.34
     1-5 years 1.04 0.96  1.46 § 1.32 ‡

     6 years 0.94 0.86  1.37 ‡ 1.22
     7+ years (Ref)  

Marital status  
     Widowed 1.27 # 1.28 # 1.29 1.14
     Other 1.19 ‡ 1.19 ‡ 1.48 # 1.46 #
     Married (Ref)  

Migration  
     US return migrant 0.99 1.01  0.87 0.84
     Non US return migrant (Ref)  

Geography  
     More urban 1.02  1.15

Health behaviors  
     Former smoker 1.12 ‡ 1.14 #

     Current smoker 1.31 # 1.47
     Never smoker (Ref)  
     Binge drinking (Ref= no binge drinking) 1.01  1.16
     Exercise regularly •  0.68 #

Health care access  
     Any access (Ref = no access) 0.92  1.15

Self assessed financial situation  
     Poor 1.26 § 1.26
     Fair 1.09  1.00
     Good (Ref)  

Chronic conditions  
     Diabetic 2.07 # 3.44 #

     Hypertensive 1.24 # 1.21 ‡

     BMI: obese 0.96  •
     BMI: missing 1.10  1.08
     BMI: not obese (Ref)  

Depressive symptoms  
     High 1.25 # 1.37 #

     Missing 1.35 ‡ 1.19
     Low (Ref)  

HR=Hazard ratio
p=p-value (probability of type 1 error)
* n=11 222
‡ denotes p≤0.05
§ denotes p≤0.01
# denotes p≤0.001
Models are stratified by variables that violate proportionality assumptions (• denotes non-proportional predictors), therefore, parameter estimates cannot 
be produced for these variables
BMI: Body mass index
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ability of the item. To establish validity, we take advan-
tage of the items in the 2003 early life conditions battery 
including “Did you generally go to bed hungry?”, “Did 
you wear shoes or other types of footwear regularly?”, 
“Did you or any of your brothers/sisters have to drop 
out of school to help your parents?”, “Did you or any 
member of your family sleep in the same room used for 
cooking?”, and “Did you or your family receive help from 
any relatives because of economic problems?” Significant 
chi-square values emerged between all 2003 items and the 
2001 toilet item (besides receiving help from relatives). 

Discussion
We find that while those with lower early life SES were 
disadvantaged in terms of education in both birth co-
horts and unadjusted mortality was similar across levels 
of early life SES across cohorts, important differences 
appeared in mortality risk factors across birth cohorts. 
While lower education was associated with mortality in 
the younger cohort, education did not predict mortality 
in the older cohort. This may reflect several population 
level phenomena. First, selective survival may explain 
the differences in the relationship between education 
and mortality. Selective survival is an ever present issue 
in studies of aging. Those with lower education may be 
more likely to experience mortality prior to the study, 
leaving only the healthiest ones thus distorting the true 
relationship between independent and dependent vari-
ables. Respondents in the older cohort had more time 
to be selected, and also were exposed to less-developed 
contexts and fewer medical technologies during the life 
course. The resulting differences in survival selection 
between the birth cohorts may explain why education 
and mortality only showed associations in the younger 
cohort. Second, differences in the relationship between 
education and mortality may be explained through dif-
ferential returns to education across birth cohorts. Given 
urbanization in Mexico,24 the younger cohort may be 
more likely to move to urban areas and have a greater 
ability to reap the benefits of higher education through 
employment opportunities in urban areas. This may 
ultimately lead to better health and lower mortality to 
a larger extent in younger cohorts than older cohorts.
 The results of the analysis seem to contradict previ-
ous literature using the MHAS that has demonstrated 
associations between SES and health including a study 
that found lower self-rated health among those of lower 
SES,30 while this analysis finds no significant differences 
in survival by early life SES and conflicting results with 
other SES measures (education and self-reported finan-
cial standing). While this may seem contradictory, the 
results agree with analyses in Costa Rica which show 

relationships between SES and self-rated health but not 
with mortality.20 
 This analysis is not without limitations. First, 
although we demonstrated reliability and validity of 
the proxy measure for early life SES, the presence of a 
toilet in the household prior to age 10 is a proxy for a 
construct that is difficult to measure. Second, although 
the number of deaths recorded in the MHAS is similar to 
the expected numbers of deaths estimated through life 
tables, the analytic sample may not represent mortality 
as accurately as the full sample.
 This analysis may assist those interested in early life 
SES, educational achievement and how other features 
of the life course impact mortality and the aging of the 
Mexican population. The longitudinal nature and avail-
ability of detailed life course variables in the MHAS 
provide this analysis with a unique ability to address 
questions regarding aging and old age wellbeing. Epi-
demiologic research on the Mexican population must 
continue to explore how aging through the life course 
may differ across cohorts as our results suggest that key 
associations seem to differ for successive age cohorts in 
rapidly aging countries. Indeed, Mexico is experienc-
ing rapid demographic changes and researchers must 
acknowledge the ever changing context in which aging 
occurs. Understanding how factors throughout the life 
course may shape late life mortality risk and aging will 
have strong public health implications given the rapid 
aging of Mexico and may assist researchers in other 
aging countries.
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