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Significance 

Due to progress in reducing 
infant mortality, the global 
agenda for preventing premature 
mortality in recent years has 
been shifting to adults. While 
there is strong evidence on the 
role of socioeconomic factors in 
reducing infant mortality, drivers 
of adult mortality risk remain 
underresearched. In this study, 
we systematically assess the role 
of education in comparison to 
wealth in explaining mid-age 
(15 to 59 y) mortality differentials 
in India, where one fifth of global 
adult deaths occur. Our results 
suggest that both at the 
individual and community level, 
the protective effect of education 
by far exceeds the effect of 
wealth. This has important 
implications for the mortality-
related SDGs and for setting 
development priorities in India 
and other low-income countries. 

Preventing premature death is a global policy objective reflected in the SDGs. While 
numerous studies have found socioeconomic factors to be significantly associated with 
premature death everywhere in the world, the debate on the relative effect of such factors 
on mid-age (15 to 59 ages) has not received enough attention, particularly in low-income 
countries, where this question is pertinent due to scant resources in the healthcare sector. 
Using nationally representative, longitudinal data from the India Human Development 
Survey, we assess the relative importance of individual-  and community-level educa-
tion vs. income and wealth in India, where approximately 3 million premature deaths 
occur annually in mid-ages. We find a clear downward gradient in mid-age mortality 
with increasing education within each wealth category, whereas no consistent mortality 
advantage with increasing wealth status is visible within education subgroups. Multilevel 
logistic regression models show that the decline in the risk of death across the educa-
tion spectrum by far exceeds (14% for male and 13% for female) the decline moving 
along the wealth distribution, even after controlling for other relevant demographic, 
socioeconomic, regional variables. Along with the direct effect of individual-level educa-
tional attainment, we also find a protective effect of education at the community level, 
particularly for women. Based on these findings, we infer that educational attainment 
is essential for reducing mid-age mortality in India. Population and health policies in 
developing countries, therefore, should focus on education to prevent adult mortality. 

adult mortality | education | wealth status | multilevel analysis | India 

Economic growth is presumed to improve survival conditions and reduce mortality, thanks 
to the greater availability of resources for investing in social security, public health inter-
ventions, and healthcare infrastructures (1, 2). India has long been praised for its solid 
economic growth. However, not all of India equally benefited from this growth and not 
all indicators of development confirm the seemingly untarnished success story. Mortality 
rates, for example, failed to follow trends in economic development (3, 4) and, particularly 
among Indian mid-age adults (15 to 59 ages), rank among the highest in the world. Fig. 1 
shows the correlation between adult mortality in the 15 to 59 age group and economic 
development across Asian countries. It reveals that India exhibits higher adult mortality 
rates than neighboring countries like Bangladesh, Sri Lanka. Adult mortality is also higher 
than its level of economic development might suggest. Notably, China, the other popu-
lation superpower, has experienced far lower mortality when it reached India’s 2019 level 
of development back in 1998.          

The study of premature mortality among middle-aged individuals in India has global 
significance for a number of reasons: First, since 2023 India has surpassed China in terms 
of total population and its mere size makes India the second largest contributor to the 
overall number of deaths in the world. With about two-thirds of India’s population belong-
ing to the 15 to 59 age group, in 2023 India alone registered one-fifth of the total number 
of adult deaths worldwide (5). This reflects India’s important role in achieving sizable 
reductions in global premature mortality as aimed for in the Sustainable Development 
Goals (SDGs). About half of the 10 million annual deaths in India in 2019 occurred to 
people under the age of 60, and the share of deaths in the 15 to 59 age group has been 
consistently increasing in recent decades because of the strong decline in under-five mor-
tality. In 2018, India’s under-five mortality rate was lower than the global average, whereas 
mortality among adults aged 15 to 59 remained well above the global average (6). 

Second, ages 15 to 59 correspond to the official working age in India’s public sector. 
Premature mortality is a tragedy, no matter if occurring in infancy or at mid-ages. Yet the 
economic repercussions of an adult dying, possibly at the peak of their productivity and 
while being one, if not the only breadwinner of the family, are far more impactful. Ample 
evidence from qualitative research confirms the detrimental consequences that losing a D
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Fig. 1. Relationship between real GDP per person (constant USD) and 15 to 59 age-group mortality in the Asian region, 2019. India and China in 1998 added 
for comparison. 

primary wage earner has on the rest of the family, ranging from 
the survival chances of orphaned children to the disruption in 
children’s education, early marriage of girl children, reduced 
income, and consumption expenditure of the bereaved household 
(7, 8). The loss of an individual’s labor and related income can 
give rise to volatile consumption patterns and food insecurity (9). 
Consequently, within the context of the SDGs, high mid-age 
mortality not only reflects a lack of progress toward SDG-3 (good 
health and well-being), but it also stands in the way of achieving 
other goals such as ending poverty (SDG-1), hunger (SDG-2), 
raising education levels (SDG-4), or achieving gender equal-
ity (SDG-5). 

Third, India serves as an important case study for understanding 
adult mortality in Low- and Middle-Income Countries (LMICs) 
due to its unique combination of demographic and epidemiolog-
ical transitions. The country is experiencing a rapidly increasing 
burden of noncommunicable diseases (NCDs), fueled by longer 
life expectancy and changing lifestyle patterns, which are charac-
teristic of many LMICs undergoing development. Moreover, 
India’s development has been accompanied by rising mortality 
from accidents, suicides, and stress-related conditions, such as 
cardiovascular and digestive diseases (10).This dual burden of 
NCDs and non-natural causes of death makes India a represent-
ative example for other LMICs facing similar transitions. Despite 
that, rising adult mortality remains a neglected public health issue 
with a paucity of research in LMICs, often due to incomplete vital 
registration systems. Analyzing adult mortality trends in India can 
help to develop preventive strategies not only in India but also in 
other LMICs. 

Finally, India faces stark disparities in mortality due to income 
inequality, gender, rural–urban divides, and healthcare accessibil-
ity. Understanding the relative importance of education and 
wealth in mortality reduction can help predict future trends within 
the country. This knowledge will improve global mortality esti-
mates and helps prioritize international public health efforts. 

Ever since Kitagawa and Hauser’s (11) pioneering work on 
socioeconomic differentials in mortality in the United States, 
numerous studies have documented the role of socioeconomic 

factors across time and place. Higher socioeconomic status typi-
cally results in a reduced risk of premature death (12–14), albeit 
with great variation by population and over time (15). In addition, 
some studies from Western countries also examined mortality 
disparities by religious affiliation, ethnicity, and race (16, 17). Yet 
since an individual’s affiliation to one of these population sub-
groups cannot easily be changed, the main focus of social policies 
has been on facilitating social mobility by raising people’s status 
in the dimensions of education and income. An important limi-
tation with much of the available research is that socioeconomic 
factors are often studied either in isolation, resulting in inflated 
effect sizes and making it hard to assess which factors to prioritize 
in reducing mortality risk (18, 19), or combined within the con-
cept of socioeconomic status, recognizing the difficulties behind 
identifying the effects of its integral components (20). 

Due to the lack of complete and robust vital registration sys-
tems, the scant evidence on socioeconomic mortality differentials 
in LMICs is primarily based on the study of under-five mortality. 
These studies are facilitated through Demographic and Health 
Surveys (DHS) that collect women’s birth histories from many 
countries (21). This focus of mortality research in LMICs is also 
a consequence of child mortality still being much higher there, 
thus relegating mid-age mortality to a subordinate challenge in 
terms of necessary public health interventions. If taken as an indi-
cator of a population’s well-being, life expectancy does, of course, 
increase much faster by lowering the risk of dying during early life 
stages (22). From a policy perspective, though, it is intriguing that 
the topic of premature mortality at prime working ages has not 
received more attention, particularly in light of the scarce resources 
available for healthcare in most of the LMICs. 

The present study tries to improve upon this situation by look-
ing into the socioeconomic drivers of mid-age mortality in India. 
In particular, we compare the effects of educational attainment 
(no education, primary, lower secondary, upper secondary, post-
secondary, and above) and economic status measured by house-
hold wealth status (poorest, poor, middle, rich, richest). Using 
nationally representative longitudinal data from the India Human 
Development Survey (IHDS) conducted in 2004–05 and D
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2011–12, we track individuals from survey wave 1 to 2 and relate 
their risk of dying to their individual socioeconomic characteris-
tics, as well as those of their community, in a multilevel modeling 
framework. To understand the pathways through which education 
and wealth are associated with mid-age mortality, we carry out 
mediation analysis using further socioeconomic factors (work 
status-type of occupation, caste, affiliation, etc.), health behaviors 
(alcohol or tobacco consumption), and health status as potential 
mediators. The goal is to provide crucial information for targeted 
interventions aimed at reducing premature death at working ages. 

Income vs. Education 

The literature knows various channels through which education 
can affect adult mortality. First of all, education enhances cognitive 
skills, problem-solving abilities, and learning effectiveness, thus 
contributing to the build-up and maintenance of human capital 
(23). Adults with higher levels of education are less likely to engage 
in risky behaviors, such as smoking and drinking, and are more 
likely to incur in healthy behaviors related to better diet and exer-
cise (3, 24, 25). Education offers opportunities to learn about 
health-inducing behaviors, which enables people to recognize 
symptoms of ill health in a timely manner and seek appropriate 
medical support (26, 27). Individuals with more education tend 
to live and work in healthier environments (28–30). Moreover, 
education affects people’s social networks, as well as the mobility 
and portability of important social connections, which have been 
shown to have positive health effects (31–33). Education also 
reduces the risk of death by enhancing job opportunities. Some 
empirical research suggests that more educated individuals tend 
to have longer investment horizons, are more risk-averse, and 
suffer from mental health problems to a lesser degree (34–36). 
Education also affects psychosocial factors in health, such as a 
person’s sense of control, risk of anxiety, depression, social isola-
tion, and stress (37). 

Likewise, the link between economic status and health has been 
widely documented (38–40), with poverty being widely recog-
nized as one of the major determinants of poor health. Individuals 
with higher income can afford to live in safer houses and neigh-
borhoods, purchase higher quality food, have better access to 
recreational facilities, and receive better healthcare. Higher eco-
nomic status comes with greater prestige, which can increase 
self-esteem and affect health positively. However, increased stress 
levels among high-earning individuals, linked to fears of losing 
one’s economic status and not “keeping up with the Joneses” (41), 
might be related to a higher risk of cardiovascular diseases (CVD) 
(42). Income levels are found to be strongly associated with mor-
tality risk, controlling for other factors such as disability and bad 
neighborhood characteristics (43). 

Although individual education and income have proven to be 
strong predictors of morbidity and premature mortality in 
high-income countries, research based on LMICs as well as global 
macrolevel studies have been scarce. A recent exception is a study 
by Lutz and Kebede (19), estimating the relative effects of educa-
tional attainment (mean years of schooling) and income (GDP 
per capita) on life expectancy at birth and child mortality. Their 
results suggest that education has been more relevant than income 
in improving mortality conditions across the globe in the past 
decades. Between these types of studies, limited research focuses 
on the community-level effects of socioeconomic status. Exceptions 
are studies by Winkleby and Cubbin (44) as well as Ribeiro et al. 
(45), both of which find protective effects from better-educated 
individuals to those with less education through social learning at 
the neighborhood level. The risk of death declined, not only with 

the rising education level of the individual but also among 
low-educated individuals who benefitted from the higher educated 
in their community. 

Results 

As our main focus is on socioeconomic factors, Fig. 2 shows the 
mortality patterns of adults dying in mid-age during the 2004–05 
to 2011–12 period by educational attainment and household eco-
nomic status. Additional results by broad age groups are shown 
in SI Appendix, Fig. S4. Of the mid-age adults interviewed in 
2004–05, about 3% died before 2011–12 (for a detailed break-
down by other factors see SI Appendix, Table S3). When looking 
at educational attainment (Fig. 2, Left   side), the percentage of 
wave-I respondents that died prematurely is about three times 
higher among women and men without any formal education 
compared to those with a tertiary degree, with the largest gap 
opening between those holding less than a secondary degree and 
those above that threshold. Similarly, we find a significantly higher 
percentage of deaths among the poorest wealth category than the 
richest, for both women and men (Fig. 2, Right side).          

While improving education and economic status both appear 
to be valid strategies for lowering mid-age mortality in India, 
under this merely descriptive perspective it remains unclear 
which one is more effective. To shed more light on the role of 
educational attainment and economic status in mid-age adult 
mortality between 2004–05 and 2011–12, we apply multilevel 
mixed-effect logistic regression differentiating between individ-
ual- and community-level effects. While educational attainment 
and economic status are of course also correlated in India, at 
only 0.48 this correlation is smaller than in many other places. 
Considering the gender differences in mortality and causes of 
death, we run separate regressions for women and men. 

Fig. 3 shows the odds ratio of dying for men. Panel 1 (Left side) 
and Panel 2 (Middle) show the effect of educational attainment and 
household wealth status, respectively, on male mid-age mortality at 
individual and community levels. Results in all three panels control 
for individual-level health status (having any of the following types 
of morbidity: cataract, tuberculosis, high BP, heart disease, diabetes, 
asthma, other diseases such as cancer, polio, paralysis, epilepsy, men-
tal illness, STD or AIDS, and any other long-term diseases), demo-
graphic characteristics (age and marital status), as well as social 
affiliation (caste and religion), risky health behaviors (alcohol or 
tobacco consumption), employment status (economically active and 

Fig. 2. Percentage of men and women dying in mid-age between 2004–2005 
and 2011–2012 by educational attainment and economic status (in 2004– 
2005). Note: Vertical lines indicate 95% CI. D
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Fig. 3. Mid-age mortality between 2004–05 and 2011–12 by education and wealth status for men in India (in 2004–2005). Note: Odds ratios (95% CI) are 
adjusted for age, health status, marital status, social group, health behaviors (consuming Alcohol/Tobacco), working status and type of occupation place of 
residence and region. 

type of employment), and regional characteristics (rural–urban, 
major region of India). Findings displayed in panels 1 and 2 suggest 
that the likelihood of death in mid-age decreases significantly with 
increasing individual-level education and household wealth status. 
Moreover, community-level education is significantly related to 
lower mortality risk, however, male mortality in mid-ages appears 
to be higher in wealthier communities.          

Panel 3 on the right-hand side of Fig. 3 shows the independent 
effects of educational attainment and economic resources measured 
at the individual and community levels, controlling for demo-
graphic, social, health, and regional characteristics. The results 
suggest that adults’ education levels significantly affect the risk of 
dying. Compared to those without any education, males with lower 
secondary education were 20% less likely to die, followed by those 
with upper secondary and postsecondary and above, who were 
41% and 52% less likely to die, respectively. Similarly, the indi-
vidual’s household wealth status is significantly associated with a 

reduced risk of death. In comparison to adults residing in the 
poorest households, the risk of death is 27% lower among those 
with middle wealth status, followed by those living in the rich 
(−37%) and richest (−38%) wealth category households. 

Taken together, these findings indicate a much steeper decline 
in mid-age mortality across the education distribution when com-
pared to the decline across equally sized wealth categories. For 
instance, upper-secondary educated men experience a lower risk 
of death than men residing in India’s wealthiest household cate-
gory of roughly the same size. A similar, protective effect of edu-
cation against premature mortality can be identified at the 
community level, whereas the comparable community-level 
wealth index indicates higher, rather than lower risk of dying in 
wealthier communities, especially for males. 

Fig. 4 shows the odds of dying in mid-age for women, con-
trolling for the same factors as before. Both higher levels of educa-
tion and household wealth status are again related to a substantially 

Fig. 4. Mid-age mortality between 2004–05 and 2011–12 by education and wealth status for female in India (in 2004–2005). Note: Odds ratios (95% CI) are 
adjusted for age, health status, marital status, social group, health behaviors (consuming Alcohol/Tobacco), working status and type of occupation place of 
residence and region D
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reduced likelihood of women dying during their mid-ages. Panel 
3 of Fig. 4 shows the net effects of educational attainment and 
economic resources measured at individual and community levels. 
Results indicate that even after controlling for economic status and 
other background characteristics, the impact of education on 
female mortality, at both the individual and community levels, 
remains highly significant. Compared to women without any edu-
cation, primary-educated women experience a 22% lower likeli-
hood of dying. This advantage increases to 32% among those with 
lower secondary, and 37% and 39% among women with upper 
secondary and above levels, respectively. Similarly, household 
wealth status is negatively associated with the risk of dying. 
Women’s likelihood of dying was significantly lower among women 
living in the middle (−22%), rich (−32%), and richest (−25%) 
households compared to those living in the poorest households.          

As was the case for men, though, our findings for women indi-
cate a larger protective effect from education than household 
wealth. The survival advantage of lower secondary educated 
women compared to women without education is larger in mag-
nitude than the advantage experienced by those living in the rich-
est households compared to those living in the poorest households. 
Regarding the community-level effects, unlike men, women resid-
ing in an upper-middle educated community (with on average 5 
to 7 y of schooling) and high educated community (7+ years of 
schooling) faced 25 and 45% lower risk of death, respectively, 
than those residing in low educated communities (with on average 
<3 y of schooling). But the higher community-level wealth index 
does not appear to be significantly related to a lower risk of dying 
in the female part of the sample. 

Results for other covariates associated with mid-age mortality 
(e.g., major morbidities, marital status, caste and religious affilia-
tion, health behavior, work status-type of occupation, rural–urban, 
and regions), for both women and men in India, explained and 
reported in SI Appendix, Tables S4 and S5. 

While stock measurement of wealth is generally preferable to 
potentially more volatile flows, in further robustness checks we 
also consider the relationship of mid-age mortality with household 
income and monthly consumption expenditure. The findings 
confirm our main result based on the stock measurement of house-
hold wealth, with the estimated effect of education continuing to 
be higher (SI Appendix, Figs. S7 and S8 and Tables S6–S9). 

Fig. 5 shows the predicted risk of dying using the parameter 
estimates from Panel 3 of Figs. 3 and 4 to understand the effect of 
educational attainment across wealth categories and vice versa. 
Increasing education almost uniformly reduces the risk of mid-age 
death across all wealth categories for both women and men. 
Irrespective of household wealth status, the risk of mid-age death 
is reduced by about 65% for both women and men when compar-
ing uneducated individuals to those with upper secondary and 
above levels of education. Having said that, improving the economic 
status of households is not predicted to reduce the risk of mid-age 
death for males across education groups. Rather, the risk of dying 
during mid-age increases for males from the wealthiest households 
with less than upper secondary education, while we observe no 
significant differences in economic status among males with upper 
secondary and above education levels. In the case of women, the 
effect of improving household economic status on mid-age mor-
tality does not differ significantly across educational groups.          

Finally, to understand what drives the differential effects of 
education and economic status on mortality, we conduct media-
tion analyses applying the Karlson-Holm-Breen (KHB) decom-
position method (46). This widely used method allows us to 
partition the overall effects of our main variables of interest into 
a direct and indirect component, as well as to identify the 
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Fig. 5. Predicted probabilities of adult deaths in mid-age across economic 
groups by educational attainment and vice versa. Note: Vertical lines indicate 
95% CI. 

mediating variables and their respective strength. The mediators 
we included are health behaviors (alcohol and tobacco consump-
tion), health status (presence of major morbidity), type of occu-
pation, as well as further sociodemographic factors besides 
education and wealth (caste, religion, marital status). 

Consistent with our main findings, the mediation analysis con-
firms that the remaining direct effect of education (after account-
ing for mediators) in lowering mid-age mortality, although 
somewhat attenuated, continues to be far stronger than that of 
wealth. While in the case of education, only 21% for males and 
13% for females are mediated through the included factors, for 
wealth, these figures amount to 63% for males and 32% for 
females. This suggests that the pathways through which wealth 
affects mortality are more dependent on intermediary factors than 
those for education. 

A closer look at the indirect effects shows that education reduces 
mortality primarily through better occupational outcomes, health-
ier behaviors, lower major morbidity, and caste affiliation-for both 
men and women. In contrast, the much larger indirect effect of 
wealth is largely mediated through caste affiliation, followed by 
healthy behavior, occupation type, and marital status. Interestingly, 
for women, occupation does not appear to mediate the relationship 
between wealth and mortality, likely due to rather low female labor 
force participation in India. The most striking result of our medi-
ation analysis, though, is the negative indirect effect of wealth on 
mortality that is mediated by increased morbidity. While education 
is associated with better health outcomes and thus lowers mortality 
risk, the opposite seems to be the case for wealth and might, at 
least partly, explain why education exerts a stronger protective effect 
against mortality overall (SI Appendix, Tables S12 and S13) D
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In a last step, we also examine the interplay between education 
and wealth by including both as mediators for the other. When 
wealth is treated as a mediator for education, it accounts for a 
small portion of the effect. However, when education is included 
as a mediator for wealth, it accounts for over 50% of the indirect 
effect. This further underscores the greater role of education in 
shaping health outcomes compared to economic status. 

Discussion 

Our comparison of the effects of two major aspects of development— 
educational attainment and economic resources—on mid-age mor-
tality, at first sight suggests that both significantly reduce the risk of 
dying in mid-age for both women and men. However, upon closer 
inspection, we find that educational attainment is associated with a 
much larger decline in mid-age mortality than household wealth 
status. Men with upper secondary education face a similar risk of 
premature death as men from the richest households. Similarly, 
women with lower secondary education are comparable to women 
from the richest households in terms of their survival chances, and 
this advantage is growing for women with higher than lower-
secondary education. 

Our mediation results provide additional insight into why edu-
cation exerts a stronger protective effect on mid-age mortality than 
wealth. Higher education is associated with improved health out-
comes and reduced mortality risk, while wealth shows a negative 
association with morbidity, which subsequently elevates mortality 
risk. There are many potential explanations for these patterns, 
including differences in lifestyles, access to healthcare, and social 
determinants of health. Unlike many Western countries, where 
the evidence on the association between economic status and 
health is mostly unambiguous, indicating healthier lifestyles and 
the consumption of more diversified food in response to greater 
wealth, research from India and other LMICs suggests both pos-
itive (47) as well as adverse effects on adult health (48). For 
instance, CVD and related risk factors, such as diabetes, obesity, 
and hypertension, are disproportionately prevalent among India’s 
higher socioeconomic groups, particularly among the richest indi-
viduals (49, 50). Wealthy individuals are more likely to engage in 
nonmanual work with less physical activity, reducing the need for 
caloric intake (51). Conversely, increasing income can result in a 
greater than necessary food intake, resulting in obesity, diabetes, 
and CVD (48, 52), which are more likely to be found among 
members of the wealthier strata of society (53). The rise in calorie 
consumption among high-income Indians is a major driving force 
behind the growing prevalence of diabetes, obesity/overweight, 
and CVD (54). 

Further explanations for the observed trends in mortality 
among the mid-age group can be found in lower improvements 
in education that have not kept pace with economic growth 
(SI Appendix, Fig. S3), increased stress levels, unsafe workplace 
conditions, and the growing number of motorized vehicle injuries. 
While India’s rapid economic expansion has been linked to a rise 
in motor vehicle ownership (55), the enforcement of important 
roadside safety regulations has not kept pace, leading to a signifi-
cant increase in casualty figures (56). The educational gradient 
among these is very clear, with up to four times higher risk of 
death from vehicle crashes among less educated adults compared 
to the higher educated. However, there appears to be no significant 
difference in risk by economic status (57, 58). With regard to 
work-related stress, recent evidence from China suggests that eco-
nomic growth has been associated with an increase in mental 
health issues (59). Increased stress can have knock-on effects on 
other ailments, such as CVD, for instance (60). The financial cost 

of work-related stress to society has been well documented (61), 
but more evidence is needed on its mortality impact. 

A recent study on the medical impacts of economic develop-
ment speaks of a “Heart Kuznets Curve” to describe the pattern 
of elevated blood pressure during earlier stages of development 
followed by a decline later in the development process (62). 
Similar patterns are to be found when looking at workplace safety 
conditions: Studies from more developed economies, where higher 
levels of GDP are accompanied by greater investment in safer 
production technologies and improved workplace security proto-
cols, generally show a positive relationship between economic 
growth and occupational safety (63, 64). However, evidence from 
Türkiye and Nigeria suggests otherwise, particularly in the short 
term, when profits are likely to be prioritized over security (65, 66). 

Aggregated to the national level, our estimated effects suggest 
that the unhealthy behavior and lifestyles of less educated rich 
individuals, particularly men, have been related to higher mid-age 
mortality in India. Becoming wealthy without increasing human 
capital does not necessarily benefit adults’ health. Education, there-
fore, should be viewed as a priority over raising household wealth 
in India. While it remains to be seen whether our findings have 
validity for other parts of the developing world, they do confirm 
earlier findings from more advanced economies, particularly the 
United States, where increasing economic output by itself has often 
failed to translate into increasing chances of survival for all (67–69). 
Rather, overall declines in US life expectancy in the last decade 
have largely been attributed to an increase in adult mortality among 
those aged 15 to 59 that have become visible since the 1990s (69). 
As Lange and Vollmer (70) point out in a recent review, the empir-
ical evidence on the aggregate effect of economic growth on pop-
ulation health is rather mixed and inconclusive. This is in part due 
to the sector-specific distribution of growth within the economy 
(71). Growth in sectors that rely more heavily on less skilled labor, 
such as agriculture, tends to benefit poverty alleviation and result-
ing improvements in survival. Globalization that enforces special-
ization can work the opposite way (72). 

Our results also suggest the existence of a community-level effect 
of education for women, but this effect is not stronger for men. 
While there is considerable heterogeneity across and within Indian 
communities (73), women residing in, on average, better educated- 
communities seem to be enjoying a protective effect through their 
social surroundings. Community-level characteristics can have 
numerous impacts, including through better access to healthcare 
and imitation, whereby less-educated women would adopt health- 
conducive behaviors from better educated women around them 
(74, 75). A review of community-level interventions to reduce 
maternal mortality suggests that community-level education is an 
important factor in reducing female deaths at reproductive ages (76). 

Another significant effect with a less straightforward explana-
tion regards the survival disadvantage of mid-age men living in 
economically better-off communities. On the one hand, there is 
the aforementioned frontrunner disadvantage in adopting new, 
potentially unhealthy lifestyles related to disease patterns that were 
formerly rare in India. On the other hand, disadvantaged individ-
uals might suffer even more from their disadvantage when living 
inside an otherwise wealthy community. As suggested by recent 
evidence from the United States on “allostatic load”, indicating 
cumulative exposure to stress over the life course, the challenge of 
“Keeping up with the Joneses” is far more challenging for lower 
status individuals living within otherwise well-off neighborhoods 
(77), thus raising their stress levels and subsequent risk of prema-
ture death. Another potential explanation for individuals with a 
low socioeconomic profile living in wealthy communities being 
at greater risk of premature death comes from Taiwan (78), D
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where—despite universal healthcare coverage—lower-status indi-
viduals still show worse healthcare utilization and thus face higher 
risk of dying. Moreover, wealthier communities are often charac-
terized by higher costs of living, which is particularly burdensome 
for and negatively impacts the health of less wealthy people (79). 

Despite several strengths of this study such as the use of nation-
ally representative longitudinal data and the application of a mul-
tilevel modeling approach to examine the effects of education and 
wealth at both individual and community levels, there are some 
important limitations that warrant caution in interpreting the 
results. First, although our longitudinal design increases the plau-
sibility of causal claims, it does not entirely eliminate the risk of 
confounding: In addition to data on several well-known determi-
nants of adult mortality, such as individual dietary patterns, phys-
ical activity, lifestyle factors, early childhood experiences, and 
proximity to healthcare facilities, our study lacks information on 
still mostly underinvestigated factors, such as personality traits and 
genetics, that could have a mediating influence on the topic of our 
research. While there is to date no evidence on these factors from 
India, the scarce research, mostly from Scandinavian countries, 
suggests strong educational contributions to reduced adult mor-
tality that are independent from genetic factors (80, 81). The only 
non-Scandinavian study of which we are aware, Halpern et al. 
(82), finds a reduced but robust association between education 
and mortality within a sample of male siblings and twins in the 
United States. Thus, while in the absence of a more complex study 
design, based on natural experiments or IV-estimation, confound-
ing can never be ruled out, the existing evidence from richer data 
sources in developed nations supports our finding of a strong asso-
ciation between education and adult mortality in India. 

Second, in examining the impact of economic status on mor-
tality between IHDS I and IHDS II, it is important to acknowl-
edge that individuals’ wealth status may have changed over time 
(83). Moreover, as most studies rely on longitudinal data, the 
potential impact of survey attrition has to be acknowledged. This 
study experienced a 10.5% attrition rate between survey waves, 
which could potentially influence findings if participants have not 
gone missing at random. To investigate this possibility, we assessed 
the quality of our mortality data based on other data. This inves-
tigation found the quality of our data to be satisfactory. Still, 
statistical adjustments were made to account for attrition cases 
(see Data and Methods). It is also important to note that survey 
responses were often provided by any adult household member 
capable of reporting information for all individuals, including 
those absent. This method may introduce bias in self-reported or 
proxy-reported data, particularly regarding sensitive variables such 
as health status, health behaviors (e.g., alcohol and tobacco con-
sumption), employment, and education. 

Finally, for lack of detailed income or expenditure data, we use 
household wealth status as a proxy. This may limit the precision 
of estimated socioeconomic gradients in adult mortality. Although 
the association between education and adult survival appears 
robust, future research incorporating more direct economic meas-
ures would help clarify the relative contributions of socioeconomic 
factors to adult mortality. Moreover, the absence of statistically 
significant regional differences partly reflects small sample sizes 
for individual regions and corresponding constraints on statisti-
cal power.  

Conclusions 

The findings presented in this study suggest that education should 
be considered as a major policy priority for improving adult health 
in India and other LMICs. In addition to the direct effect of higher 

educational attainment for the individual, we find community-
level effects of education that can improve the health status, espe-
cially of women. The negative community-level wealth effect 
among men, likely mediated through increased morbidity risk, 
raises the question of sustainability with regard to India’s rapid 
economic development when expressed in terms of mortality in 
mid-age. Our results confirm that improving the economic cir-
cumstances of Indians reduces the risk of death; however, without 
parallel investments in better education, some of that effect will 
be lost, particularly due to increased mortality at mid-ages. Despite 
substantial economic growth, improvements in educational attain-
ment in India have not kept pace with expectations based on its 
level of development (SI Appendix, Fig. S3). Therefore, more holis-
tic health policies should also encompass more ambitious educa-
tion goals to strengthen India’s human resource base. This does 
not require reinventing the wheel but rather following through 
with SDG-4, which demands to “ensure inclusive and equitable 
quality education and promote lifelong learning opportunities for 
all” for both men and women (84).  

Data and Methods 

This study is based on the India Human Development Surveys 
(IHDS) of 2004–2005 and 2011–2012 conducted by researchers 
from the University of Maryland, and the Indian National Council 
of Applied Economic Research (NCAER). IHDS is the first nation-
wide panel survey conducted in India with a sample size sufficiently 
large to study rare events like adult death. Due to its longitudinal 
design, which allows us to connect individual deaths directly to 
living conditions at the time of the first survey, IHDS provides a 
perfect opportunity to examine the relative effects of education 
and household economic status on mid-age mortality. 

The IHDS adopts a hierarchical sampling design, with clusters 
defined as primary sampling units (PSUs): villages or settlements 
in rural areas and towns or cities in urban areas. Within each PSU, 
households are selected using stratified random sampling. IHDS 
interviewed 129,388 individuals aged 15 to 59 y in 2004–05; of 
those adults, IHDS-II successfully identified 115,781 (90%) and 
13,607 (10%) individuals were not identified; these are attrition 
samples. Out of the successfully identified 115,781 individuals, 
3,428 adults had died between the two survey waves. A detailed 
description of the sample used in this study is provided in the 
SI Appendix, Fig. S1. 

The outcome variable is the death of the individuals in mid-age 
(15 to 59 y) who were interviewed in the 2004–2005 survey and 
died before the second survey was conducted in 2011–2012. The 
main predictor variables are educational attainment and economic 
status at the individual and community levels. A descriptive anal-
ysis was conducted to assess the proportion of deaths between 
2004–05 and 2011–12 by educational level and economic status. 
Making use of the hierarchical structure of IHDS, we then employ 
multilevel mixed-effect logistic regression to study the probability 
of death between survey waves. In addition to education and eco-
nomic status, there are many other factors that affect mortality; 
our models control for demographic factors (age and marital sta-
tus), social group (caste and religion group), individual-level 
health status (any of the following types of morbidity: cataract, 
tuberculosis, high BP, heart disease, diabetes, asthma, other dis-
eases such as cancer, polio, paralysis, epilepsy, mental illness, STD 
or AIDS, and any other long-term diseases), risky health behaviors 
(alcohol or tobacco consumption), employment status (econom-
ically active and type of employment), and regional characteristics 
(rural–urban, major region of India). To examine the relation of 
each individual predictor with mid-age mortality, we first apply D
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univariate models, before going on to the multivariate two-level 
mixed effect models. Finally, to better understand the differential 
impact of education and wealth on mortality, we conduct medi-
ation analysis to disentangle direct and indirect mortality effects 
of socioeconomic development mediated through various inter-
mediary factors. Specifically, we employed the Karlson–Holm– 
Breen (KHB) decomposition method, which allows us to estimate 
the total effects of education and economic status on mortality 
and to partition these effects into direct and indirect components 
(through mediators), as well as to identify the mediating variables 
and their respective strength. 

Like any long-term follow-up study, we are facing sample attri-
tion. About 10% of wave 1 participants remain unaccounted for 
at the time of resurveying. To check the consistency of the mid-age 
death estimates derived from IHDS data, therefore, we compared 
them with those obtained from India’s official Sample Registration 
System (SRS) and United Nations mortality estimates for the 
corresponding period. As shown in SI Appendix, Fig. S2, age- 
specific death rates estimated from the IHDS data are almost 
identical with the SRS and United Nations mortality estimates. 
Moreover, the analysis of attrition summarized in SI Appendix, 
Table S1 suggests that individuals are not missing at random from 
wave 2. Hence, to check for bias in our estimates, we adjusted for 
attrition using multiple imputation as part of our sensitivity anal-
yses presented in the SI Appendix, Table S14-S15. Multiple impu-
tation is essentially an iterative form of stochastic imputation used 
to handle missing data by creating several plausible datasets in 
which the missing values are replaced with estimated values. Note 

that our results are only marginally affected by these adjustments. 
Odds ratios after adjustment are shown in the SI Appendix, 
Tables S14 and S15.    

Data, Materials, and Software Availability. Previously published data were 
used for this work. Note that all data deposited in a publicly accessible database 
(and therefore not directly available in the paper or SI) [S. Desai, V. Reeve, and 
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Survey Panel (IHDS, IHDS-II), 2005, 2011–2012. Inter-university Consortium 
for Political and Social Research. https://doi.org/10.3886/ICPSR37382.v1] (85). 
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