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Abstract

Research on life expectancy gradients in low- and middle-income contexts is con-
strained by data limitations. Using data from three Demographic and Health Surveys
in India, I generate the first direct estimates of period life table quantities and their
standard errors by household wealth in India. These estimates reveal large and per-
sistent disparities in mortality. In 2013-16, life expectancy at birth for the wealthiest
women was 9.2 years higher than the poorest women. Differences among men were
even starker: 14.1 years higher among the wealthiest octile when compared to the
poorest. Disparities have declined between the 1990s and the mid 2010s, and life ex-
pectancy at birth has improved across wealth classes. To a large extent, these patterns
are driven by declines in child mortality levels and differentials. In contrast, dispar-
ities in adult mortality have not declined, and among men, even overall declines in
adult mortality are not observed. We find that life expectancy disparities are higher in
urban areas compared to rural areas. Regionally, life expectancies of those in the poor-
est quartiles are lowest in the Hindi-speaking states. In fact, the poorest women who
live in South India have similar or higher life expectancies than the richest women
who live in Uttar Pradesh. These findings highlight the persistence of disparities and
deficits in overall well-being in India. They have several implications for the scientific
literature on measurement of mortality, health system priorities, and understanding
the evolution of health disparities in the ongoing epidemiological transition.
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Household wealth & life expectancy in India: 1990-2016

1 Introduction and background

A broad scientific literature has observed social class differentials in health and mortality

in a variety of contexts (Elo, 2009). Apart from improving understanding of the distribu-

tion of mortality within populations, this literature has informed policy and health system

priorities (Gwatkin, 1993; Deaton, 2002; Heuveline et al., 2002). Identifying the sections

of a population that have higher mortality relative to others is the first step in under-

standing the causes of deficits and appropriate social responses (Preston and Taubman,

1994). Given that life expectancy is a critical human development outcome, evidence on

mortality disparities is also central to public discussions on overall social progress (Sen,

2001; Krieger, 2011; Marmot, 2015). However, data limitations in low- and middle-income

countries, especially on mortality beyond the childhood ages, prevent systematic exami-

nation of life expectancy disparities (Krueger and Burgard, 2011; Tabutin et al., 2017).

Child mortality differentials have been observed in studies of contemporary high in-

come countries (Chen et al., 2016), historical patterns in high income countries (?), as well

as in contemporary low- and middle-income countries (Gwatkin et al., 2007; Chao et al.,

2018). Chao et al. (2018) show that absolute mortality differentials have reduced in low-

and middle-income countries between 1990 and 2016. These comparisons of child mor-

tality in households in the poorest and richest asset classes in low- and middle-income

countries show that declines are partly driven by improvement in living standards and

increased access to maternal and child healthcare (Boerma et al., 2018; OPHI and UNDP,

2020). Still, even when absolute disparities declined, relative child mortality disparities

were stable in in this period, suggesting an even greater emphasis on improving child

health in poorer populations within countries.



Unlike child mortality, patterns and trajectories of adult mortality gradients in low-

and middle-income countries are not well-understood. This is despite the growing im-

portance of mortality in the adult ages to overall population health. As child mortality de-

clines, a greater proportion of the population and deaths are in the adult ages (Heligman

et al., 1993; Meslé and Vallin, 2011). Studies from the United States and some other coun-

tries have found increases in adult mortality disparities in recent periods (Shkolnikov

et al., 2012; National Academies of Sciences, 2015; Chetty et al., 2016; Bosworth, 2018;

Venkataramani et al., 2020; Committee on Population, 2021). Studies on trends in adult

mortality disparities in low-and middle-income countries are less common. Single-period

findings have found modest gradients in adult mortality in these countries (Chapoto

et al., 2012; Sudharsanan, 2019; Beltrán-Sánchez et al., 2020; Luo and Xie, 2014; Nikoi

and Odimegwu, 2013; Sudharsanan et al., 2020). A key explanation of these modest-to-no

gradients has been that chronic diseases are emerging health risks in these countries, and

may even be more prevalent among more advantaged sections (Rosero-Bixby and Dow,

2009; Sudharsanan and Ho, 2020).

A high-burden of risk-factors such as air pollution, on the other hand, may affect so-

cially disadvantaged individuals more (Gupta, 2019). Disparities may also be shaped by

a high-burden of accidental and tuberculosis mortality, both of which are more likely to

affect poorer individuals in their productive ages (Jagnoor et al., 2012; Pai et al., 2017).

Finally, adult consequences of child health insults in the presence of child mortality gra-

dients will also predict adult mortality gradients (Mosley and Gray, 1993).

What are the overall impacts of declines in mortality (Deaton, 2013), changing health-

risk profiles along with the epidemiological transition (Horiuchi, 1999; Caldwell and

Caldwell, 1993), and generalizing cardio-vascular disease burdens (Patel et al., 2019) on

gradients in life expectancy at birth? This paper addresses these questions for the case

of India, the world’s largest democracy and home to more people than the combined
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populations of North America and Europe. Using data from three rounds of the National

Family and Health Surveys (NFHS), I investigate life expectancy disparities by household

wealth. These three NFHS rounds, fielded in 1992-93, 1998-99, and 2015-16, included a

module on recent deaths in the household. This is in addition to the birth history mod-

ule that the Demographic and Health Surveys, of which the NFHS is the Indian version,

implement.

Combining data from the birth history module for ages 0-5, household deaths for

mortality in ages beyond 5, and persons alive from household rosters, I directly estimate

period life table quantities. Following a principal component approach, I estimate house-

hold wealth categories. This approach creates a wealth index using the observed durable

goods that a household owns. I estimate standard errors and 95% Confidence Intervals

for these life table quantities by using a cluster-bootstrap approach. The approach used

here builds on methods to estimate age-specific mortality rates (Gupta and Sudharsanan,

2020) and their standard errors from clustered survey data (Vyas et al., 2021), and estimat-

ing household wealth indexes using data on household assets (Pollitt et al., 1993; Filmer

and Pritchett, 2001).

The paper makes methodological contributions to studying the determinants of mor-

tality using survey data in developing countries, where mortality registration is incom-

plete (Mikkelsen et al., 2015). To my knowledge, these are the first direct estimates of

social class disparities in abridged life table quantities with accurate standard errors that

account for the clustering of observations within primary sampling units. Substantively,

the paper helps understand disparities in both overall life expectancy as well as mortality

across the life course. A unique contribution of this study is that the data allow us to

examine mortality disparities across the life course, unlike previous studies which focus

on child or adult ages separately. Unlike the previous literature, this study is also able to

examine trajectories in life expectancy disparities.
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The paper intervenes in three key debates. First, it informs the India specific litera-

ture on the evolution of inequality in human development in the period 1900-2016. This

period saw a robust economic growth (Drèze and Sen, 2013), a widening of economic in-

equalities (Himanshu, 2019), a decline in poverty (Alkire et al., 2021), and an expansion in

social and health policy (Drèze and Khera, 2017). In contrast to patterns of increasing eco-

nomic inequality despite poverty declines, the paper finds overall health improvements

and declines in mortality disparities between 1990 and 2016. Declines in child mortal-

ity, particularly among the poor, contributed to the reduction in overall life expectancy.

However, mortality disparities in the adult ages were persistent in this period. Among

men, even overall declines were not observed, pointing to a lost decades in terms of adult

health improvements.

Second, it informs a policy debate on health system priorities, which has worried

about equity considerations of allocating resources to addressing cardiovascular disease

(Subramanian et al., 2013; Narayan and Ali, 2013; Patel et al., 2019). In documenting both

child and adult mortality gradients, the paper suggests that investments in reducing the

burden of adult mortality risk factors, particularly in the working ages, is not likely to

increase inequality in health spending.

Third, in contrast to existing studies which document modest mortality gradients in

adult mortality, the paper finds persistent disparity across the life course. In this, the pa-

per suggests that India is different from other low- and middle-income countries where

adult mortality gradients are modest. This finding highlights the relevance of fundamen-

tal cause perspectives (Link and Phelan, 1995) in India.

The next section describes the data and empirical approach followed here. We de-

scribe the results after that. Because prior demographic literature has emphasized the

importance of sex, region, and residence in India (Murthi et al., 1995; Subramanian et al.,

2006; Saikia and Ram, 2010; Saikia et al., 2013) and elsewhere (Elo et al., 2019; Mackenbach
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et al., 2003; De Walque and Filmer, 2011; Zajacova and Hummer, 2009), I break down key

results by these factors. I discuss the results of several robustness tests in section 4. Com-

plementary papers have discussed disparities by social group (Gupta and Sudharsanan,

2020) and the intersection of social-group and economic disparities (Vyas et al., 2021).

This paper focuses on socioeconomic status as measured by household wealth. Section 5

discusses the strengths and limitations of the methodological approach followed here as

well as implications for research. Section 6 concludes.

2 Data and methods

I use data from three rounds of the National Family Health Surveys (NFHS), India’s ver-

sion of the Demographic and Health Surveys (DHS). Four sets of measures are used from

these data.

First, I use a question on recent deaths in the household to estimate mortality rates

beyond the childhood ages. Out of the four available rounds of the NFHS surveys, three

rounds – those conducted in 1992-93, 1998-99, and 2015-16 – implemented this module on

recent deaths in the household. This question was asked in the household questionnaire

of the surveys.

Second, I use information on usual household members listed in the household roster

in the household interview questionnaire to estimate person years lived by those who did

not die.

Third, the household questionnaire also asks respondents about the durable assets

and household goods that it owns. I use this information to create a household wealth

index.

According to the interviewer manual of NFHS-4, the NFHS household interview

module can be answered by “any adult member of the household who is capable of pro-
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viding information needed to fill in the Household Questionnaire” (IIPS and ICF, 2014).

The NFHS surveys visit randomly selected households within randomly selected primary

sampling units. The households are randomly selected from a list of all households that

is prepared for the survey. Appendix figure A–1 shows that the household sizes of se-

lected households in the NFHS surveys is similar to that observed in the decennial Indian

censuses. Reports compiled by the NFHS surveys (IIPS, 1995; IIPS and ORC Macro, 2001;

IIPS and ICF, 2017) also confirm that other characteristics measured in the NFHS surveys,

such as age distribution, marital status, and sex ratios are similar to observed characteris-

tics in the censuses and the Sample Registration System in India.

Finally, child mortality is estimated using the birth history module. This module is

included in the women’s questionnaire of the surveys. This question is answered by all

eligible women in the household – women between the ages 15-49 – where they list all

the children they have ever had and the survival status of their children.

Using this data, I create wealth- and sex-specific life-lines for dead and alive house-

hold members. I use standard life table methods (Preston et al., 2001) to estimate life

tables by household wealth categories. To estimate standard errors and 95% confidence

intervals for estimated life expectancies, I use a cluster-bootstrap approach. These data

and methods are described in detail below.

Estimating mortality

The NFHS surveys are multi-stage sample surveys that are representative at the state

and national levels in India. Given their scale, these surveys are implemented in phases,

surveying several states in each phase. In Phase 1 of NFHS-1, information on deaths in the

household were asked for the period January 1990 till the date of the interview. For phase

2, information on deaths between January 1991 and the interview date was asked. NFHS-

2 had three phases, which asked about deaths between the periods January 1996, 1997, or
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1998 and the interview date, respectively. In NFHS-4, the period for which information

on deaths were asked was January 2012 till the survey date in the first phase, and January

2013 till the survey date in the second phase. To minimize recall biases, I use information

on deaths in the last two years in these surveys. Person years are also estimated for this

period. Thus, for NFHS-1, the estimates are for the period 1990-1993, for NFHS-2, they

are for the period 1996-1999, and for NFHS-4, they are for the period 2013-2016.

The question on recent deaths was implemented in the household questionnaire of the

surveys. I follow the approach developed in Gupta and Sudharsanan (2020) to estimate

mortality rates. For all deaths recorded in the household death question, respondents

were asked about the age and sex of the deceased, and the month and year when they

died. I use this information to create life-lines for all dead individuals.

I use information from the household roster to create life-lines for alive individuals as

well. For this, I use information on the age of alive individuals at the time of the interview,

and create a random month of birth for them. These life-lines for alive or dead individuals

start at age 5.

Then, I estimate the number of deaths, persons years lived by dead individuals, and

person years lived by alive individuals in abridged life table age-groups in the estimation

period. Although researchers have not used these data to directly estimate life expectan-

cies or age-specific mortality rates, these data have been used in regression-based or

indirect-estimation approaches to evaluate specific determinants of mortality (Saikia and

Ram, 2010; Subramanian et al., 2006; United Nations Population Division, 2011; Asaria

et al., 2019). Regression based approaches have been used to study the association be-

tween socioeconomic status and mortality using data from the India Human Develop-

ment Survey as well (Po and Subramanian, 2011; Barik et al., 2018).

For ages below 5, I use the birth history module of the NFHS surveys, using standard

approaches (Moultrie et al., 2013). I estimate age-specific mortality rates in the ages 0-1
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and 1-4 years by using information provided by mothers who list their birth history in the

DHS surveys. I create life-lines for children between the ages 0-1 and 1-4 in the estimation

period by using information on their month and year of birth, month and year of death

if they died, and the interview month and year. For consistency, these rates are estimated

for the same period for which adult mortality rates are estimated.

Deaths and the exposures are first estimated at the level of the calendar month, which

are then summed into deaths and person-years in the estimation period. The entry month

for children is at the beginning of the estimation period if they were born before the begin-

ning of the estimation period. If they were born in the estimation period, their entry date

is the month-year they were born. Exit dates for children are the month-year they turned

59 months if the date is before the end of the estimation period; month-year of death if

they died in the estimation period; and the month before the month-year of interview if

they did not turn 5 and did not die in the estimation period. For adults aged 5 and above,

the entry date is the month-year they turned 5, or the beginning of the estimation period

if they turned 5 before the estimation period began. Exits are on the month-year of death

or the month before the month-year of the interview.

Although an older demographic literature has emphasized the unreliability of the

question on recent deaths in the household (Hill, 1991; Timaeus, 1991), Gupta and Sud-

harsanan (2020) show that the mortality rates estimated using this approach match closely

with those of India’s national life tables estimated by the Sample Registration Survey.

More recent assessments from other contexts, such as those from Sub-Saharan Africa,

also finds increased reliability of the recent deaths in the household approach (Masquelier

et al., 2017). In Bangladesh, El Arifeen et al. (2014) and Hill et al. (2006) use the question

on recent deaths in the household to measure maternal mortality, and find similar results

as questions on sibling survival. In Appendix Figure A–2, I show that the age-specific

mortality rates generated using this approach correspond closely to official Indian life
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tables based on the Sample Registration Survey (SRS).1

Estimating wealth

In the literature on social gradients in mortality, a variety of measures, including occu-

pational class (Marmot et al., 1991; Bengtsson et al., 2019), education (Elo and Preston,

1996; Luo et al., 2015), income (Dowd et al., 2011; Chetty et al., 2016), and household

wealth (Laaksonen et al., 2009; Barik et al., 2018) have been used to study the relationship

between socioeconomic status and health (Elo, 2009). In this paper, I use a household

wealth index based on the durable goods that a household owns, created using princi-

pal component index (Pollitt et al., 1993; Filmer and Pritchett, 2001). Each measure of

socioeconomic status has its own advantages and disadvantages (Elo, 2009).

Household assets and indexes based on them have the advantage that they are avail-

able for all individuals (unlike occupational class), for all ages (unlike education), and are

easier to measure in developing countries where income data are harder to collect (Filmer

and Pritchett, 2001). When compared to income, reverse-causality is less of a concern with

household durable assets, although households may still sell some assets after the death

of a household member. Along with social group, such as caste or indigenous identity,

the assets that a household own may be a key marker for social class in India. In addition

to measuring relative social class, household based wealth indices may also capture social

class perceptions, given that they are easier to display and observe (Ramakrishnan et al.,

2020).

A limitation of the household asset index approach is that household assets are mea-

sured at the time of the interview, after deaths have occurred (Chao et al., 2018). Unfor-

1Although the SRS is also a survey, accurate standard errors that reflect the multi-stage sampling de-
sign of the SRS are not published by the SRS. The NFHS standard errors are calculated using a clustered
bootstrap approach, as described in the section on empirical strategy. If individual level SRS data are made
available, the cluster-bootstrap strategy used here would be applicable to the SRS data as well.
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tunately, the NFHS does not ask questions on household income, and educational attain-

ment is only collected for alive members. However, socioeconomic status as measured

by wealth index of household assets is a common approach to investigating inequality in

well-being using the DHS surveys, particularly for child mortality (Lu et al., 2020).

Using principal components analysis, I create a household wealth index based on

the durable goods a household is reported to own. I exclude those household goods

that have direct links with health and mortality, such as toilet ownership (Geruso and

Spears, 2018) and solid fuel use (Gupta, 2019). I also use those assets which are linked to

higher social status and were technologically relevant in a particular period. From NFHS-

1, I use the household assets radio, television, refrigerator, cycle, motorized two-wheeler,

car, sewing machine, clock, sofa, fan, whether the house was pucca, and video-cassette-

recorder. From NFHS-2, I use the assets television, refrigerator, mattress, motorized two-

wheeler, car, land-line phone, pressure cooker, chair, cot, table, clock, fan, whether the

house was pucca, and sewing machine. From NFHS-4, I use the assets television, refrig-

erator, car, landline phone, pressure cooker, fan, computer, air-conditioner, and wash-

ing machine. Each subsequent round of the NFHS surveys observes a larger number of

household assets and there are some changes in each round about particular assets (for

instance video-cassette recorders or mattress). I estimate separate wealth indexes for all

households in each round’s overall, rural, and urban samples.

Empirical strategy

For each household, the household wealth index is the first component of a principal

component analysis of the assets it owns. This wealth index, w, is a continuous function

of the assets a household owns. Although the relationship between wealth and mortal-

ity is continuous, life expectancy and other life-table quantities are not individual level

outcomes. Therefore, I split the wealth-index into categories, wc.
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To ensure that there are sufficient number of deaths in each wealth category, I split the

wealth index into octile for the overall sample in each round. For the rural and urban sam-

ple in each round, regional patterns, and sex-ratios of mortality rates, the wealth index

is split by quartiles. Because of a small number of deaths in each wealth category in the

first two NFHS surveys, and the short time interval between them, I create life tables after

combining them. Thus, in these two surveys, although wealth quartiles are estimated by

round and sample separately, mortality estimates are for both rounds together. Hence,

the estimates reported here are for the period 1990-99 and 2013-2016. Taking advantage

of the larger sample size of the NFHS-4 surveys, I also split the overall NFHS-4 sample

into ventiles, or twenty categories of the wealth index.

For each wealth category, wc, I estimate age-specific mortality rates, nmx in abridged

life-table ages x to x + n, in period t, for sex g,

nmwc,s,t,g
x =

ndwc,s,t,g
x

nLwc,s,t,g
x

(1)

where s is the overall, rural, or urban sample; g is either male or female; ndx is the esti-

mated number of deaths in ages x to x + n in the period, and nLx is the number of person-

years lived in ages x to x + n. All estimates are weighted using the national household

weights calculated by the NFHS.

I borrow values for person years lived by those who died, nax, (Preston et al., 2001,

pg. 45) from national Indian life tables based on the India’s Sample Registration System

(Office of the Registrar General and Census Commissioner of India, 2018). I use separate

nax values by period, sex, and sample for the nmx → nqx conversion, and calculate period

life expectancies using standard life table methods.

To calculate standard errors and 95% CIs for the life expectancy (ex) estimates that I

obtain, I use a cluster-bootstrap approach (Vyas et al., 2021; Fishman, 2015). The NFHS
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surveys are multi-stage sample surveys that sampled households within randomly sam-

pled primary sampling units. Primary Sampling Units were either villages in rural or

census enumeration blocks in urban areas. The strata used for selection of primary sam-

pling units were rural and urban areas within states. I repeatedly sample primary sam-

pling units, with replacement, for each sex-, period-, sample-specific wealth categories,

maintaining the distribution of primary sampling units within strata. I draw 100 boot-

strap samples, Z∗1 ... Z∗100. Thus, for each period, sample, sex, and wealth category, I

generate 100 life expectancy estimates: ê∗1x ... ê∗100
x . Standard errors for life expectancy are

the standard deviation of bootstrapped estimates:

SE(êx) =

√√√√ 1
100− 1

100

∑
b=1

(
ê∗bx −

1
100

100

∑
r=1

e∗bx

)2
(2)

where b denotes the specific bootstrap sample drawn, between 1 and 100. I assume that

the estimator for life expectancies is normally distributed. Thus, 95% Confidence Inter-

vals are calculated as ex ± 1.96 ∗ SE(êx).

I also investigate regional patterns of these disparities. As Chetty et al. (2016) examine

in the US context, this analysis asks: where do those in the poorest (and other) quartiles

have the highest life expectancies in India? For these sets of regional analyses, I use house-

hold wealth quartiles estimated nationally. For SEs and CIs, I draw 100 bootstrap for each

region. Additionally, because behaviors and social factors linked to mortality differ by

gender (Guillot, 2002; Canudas-Romo et al., 2016), I compute male-female mortality ra-

tios by household wealth quartile.
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3 Results

Estimated person years and deaths by sex, sample, and wealth quartile are shown in

Appendix Table A–1. Because of their smaller sample sizes, there are comparatively lesser

number of deaths and person-years in each quartile of the first two NFHS Surveys. This

is particularly true for urban areas when we split the samples by residence. Given these

smaller sample sizes, I combine these earlier two rounds. We observe a larger number of

deaths and person years in each category in the latest NFHS round because of its larger

sample size.

Overall patterns

How large are disparities in life expectancy at birth? Figure 1 shows life expectancy at

birth and 95% CIs by wealth octile for men and women.2 The figure shows large gradients

in life expectancy, and a flattening of wealth gradients, particularly among women. Life

expectancy at birth for the poorest octile of women in the 1990s was 56.9 years, about 14

years less than the richest octile of women. By 2013-2016, the difference between the poor-

est and wealthiest octile of women were more than 9 years. Disparities among men were

even larger: more than 14 years between the poorest and wealthiest octiles in 1990-99 and

more than 12 years in 2013-2016. Despite absolute and relative reductions in differentials,

these disparities remain large, especially in a comparative perspective (Marmot, 2015).3

Figure 2 shows that overall life expectancy disparities are driven by differences in

both the childhood ages and the adult ages. The figure shows overall reductions in child

mortality, as well as a flattening of the gradient across asset octiles. In contrast, however,

2Confidence intervals for the earlier NFHS rounds are slightly larger, reflecting their smaller sample
sizes. Confidence intervals also vary across octiles to some extent. Octiles are based on household wealth-
index, and given variation in household size and mortality, some octile have more observations than others.
This can be seen in Appendix Table A–1 for quartiles as well.

3It is possible to split the NFHS-4 sample even further, such as in ventiles, as shown in Appendix Figure
A–3 which shows even starker disparities.
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the figure shows modest to no improvements in adult mortality, and large gradients. Gra-

dients for adult mortality observed here are in contrast to patterns observed in other low-

and middle-income countries, where mortality gradients have been observed to be mod-

est or non-existent (Sudharsanan, 2019; Beltrán-Sánchez et al., 2020).

Appendix Figure A–5 shows probability of death in across the life course.4 The age

ranges displayed in the figure correspond to broad life course stages – childhood (ages

0-4), schooling and adolescence ages (5-19), working ages where chronic diseases are not

observed (20-39), working ages which mark the onset of chronic diseases (40-59), and

older ages (60-84). Mortality disparities by wealth can be observed till age 60. Overall im-

provements are modest both for both working younger and older age-groups. Disparities

in the older ages (60-84) are modest and do not follow clear pattern. Within the prior liter-

ature, similar patterns have been observed by Kitagawa and Hauser (1973) for the United

States. These patterns are likely to be driven by a combination of selection into survival

to age 60; age-misreporting, which biases mortality estimates downwards (Preston et al.,

1999) and is more likely to be observed among the poor; deaths among single-person

households, who are more likely to be poor (Dommaraju, 2015); and modest social and

employment security provisions for the poorest old, which has expanded to an extent in

India (Drèze and Khera, 2017; Reed, 2020; Gupta, 2013). To the extent that these patterns

are driven by age-misreporting or missing deaths among single-person households, the

overall life-expectancy disparities documented here are conservative.

Disparities by residence and region

How do these disparities vary by residence and region? Figure 3 shows life expectancies

at birth by household wealth quartile, sex, and residence. In both rural and urban areas,

disparities in life expectancies have reduced, partly driven by mortality declines among

4Appendix Figure A–4 shows disparities at age 0, 15, and 60.
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the poorest quartiles. Still, large inequalities remain. Among women, differences between

the wealthiest and poorest quartiles in 2013-2016 were 6.1 years in urban areas, and 5.3

years in rural areas. Among men, these differences were 10.2 years in urban areas and 8.6

years in rural areas.

The figure shows higher life expectancy disparities in urban areas when compared

to rural areas, even when urban areas have overall higher life expectancies. These pat-

terns are different from the ones observed by Sudharsanan and Ho (2020) for Indonesia,

where rural areas have lower mortality than urban areas because of lower prevalence of

cardiovascular disease risk-factors.

Figure 4 shows regional patterns. A large literature in Indian demography has fo-

cused on regional patterns, following Dyson and Moore (1983) and Murthi et al. (1995). I

divide India’s 29 states into ten regions. Regions are defined partly by geographic conti-

guity, and partly by the need to have sufficient number of deaths and person-years lived

to estimate life expectancies. For this reason, patterns for the 1990s are not shown as

they have large sampling variability. Maps here document where women and men from

respective quartiles have high and low life expectancies.

We find that in 2013-16, variation by region within quartiles is higher for women than

among men. In 2013-2016, women from the lowest quartiles have life expectancies as

low as about 65 years in the states of Uttar Pradesh, Bihar and Jharkhand, and Madhya

Pradesh and Chattisgarh, and as high as 72 years in states of south India and north-east

India. Although the confidence intervals overlap, women in the lowest quartile who live

in southern and north eastern states in India in fact have higher life expectancies than

women in the wealthiest quartile in Uttar Pradesh, India’s most populous state.

Apart from documenting the extreme disadvantage that women in rural North India

face, these patterns show that overall disparities can be observed within regions as well.

The overall disparities observed for India as a whole are not because of the co-patterning

15



of household wealth and mortality within India’s regions.

Male-female mortality ratios by wealth quartile

Although females generally have a survival advantage across the life course (Barford

et al., 2006), a large literature documents female survival disadvantage in certain younger

age-groups in India (Sen, 1992). This survival disadvantage has been declining in India,

with regional variations (Canudas-Romo et al., 2016). Female survival advantage can be

seen in most ages now. How is female survival advantage or disadvantage patterned by

household socioeconomic status? Figure 5 shows male-female mortality ratios by age-

group and wealth quartile. These mortality ratios are calculated as the age-specific mor-

tality rate for men in an age-group and quartile divided by the corresponding age-specific

mortality rate for women in the same quartile. Because these are male-female mortality

ratios, values greater than 1 (shown in shades of blue in the figure) reflect higher mortality

among men. Shades of red show higher mortality among women.

Three patterns are worth noting. First, overall, between 1990-99 and 2013-16, female

survival disadvantage has declined, and severe male disadvantage has emerged in the

middle ages from 30-60. Second, while female disadvantage in childhood ages of 1-4 can

be seen in the lower quartiles in 2013-2016, female survival disadvantage in the adolescent

ages can be seen in the middle quartiles in 2013-2016. Female survival advantage in the

latest NFHS round in the childhood ages in the wealthiest quartile may be a reflection of

higher prenatal sex-determination and sex-selective abortions in the wealthiest quartiles

(Das Gupta and Mari Bhat, 1997). As sex-selection increases, the girls who are born are

more wanted, and this selection influences mortality patterns in the childhood ages. Still,

in 2013-2016, the higher the quartile, the lower was the survival advantage among girls

in the ages 0-1. Indeed, they had no survival advantage in the wealthiest quartile. Finally,

men’s survival disadvantage in 2013-2016 was particularly worse in the later productive
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ages in the second, third, and wealthiest quartiles. These patterns merit further attention,

and may be driven by harmful health behaviors such as alcohol and tobacco consumption

among men.

4 Robustness

Age-misreporting influences life expectancy estimates, biasing mortality estimates down-

wards at older ages (Preston et al., 1999). Apart from a similar distribution of mortality

risk-factors at the older ages, higher age-misreporting among poorer quartiles could also

make life-expectancy estimates at age 60 among the poorer quartiles closer to those from

wealthier quartiles. Figure A–8 examines age at death in single years by sex, period, and

wealth quartile. Although age-heaping is severe among all quartiles in the older ages, it

is slightly more severe among poorer quartiles, and particularly worse among women.

This suggests that disparities in life expectancies at older ages reported here may be con-

servative.

Are 100 bootstraps enough to generate reliable estimates of SEs and CIs for these life

expectancy estimates? Figure A–9 examines this. It shows how the 95% CIs change by the

number of cluster-bootstraps drawn. Estimates are for life expectancy by sex and wealth

quartile. Although less reliable when a small number of bootstrap samples are drawn, CIs

do not change substantially after more than 75 bootstrap samples are drawn. Although

they may still vary, the estimates shown in Figure A–9 show that the main interpretations

drawn from these 100 bootstrap samples are robust.

A concern with questions on household deaths has been that household deaths lead

to household fissures (Timaeus, 1991). When compared to censuses, the probability of

two households reporting the same death is less in survey settings. However, it is not

zero. Appendix Figure A–10 reports the proportion of clusters (among all clusters that
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reported a death in an age group and sex) in which more than one deaths were observed

in the same wealth-octile, age-group, and sex. We cannot ascertain the extent to which

these deaths were of the same individual or of a different person. However, Appendix

Figure A–10 provides evidence that the proportion of such clusters and deaths was small.

Indeed, the largest proportion of such deaths was in the childhood ages, which were

observed in the birth history module. To some extent, this suggests that the vast majority

of these deaths are likely to be of different individuals.

5 Discussion

Summary of results

This paper investigates mortality and life expectancy disparities in household wealth in

India, as measured by an index of assets that a household owns. It finds that mortality

disparities in India are large and can be observed across the life-course, and are particu-

larly salient in the childhood, young-adulthood, and working ages. In addition to dispar-

ities, we document a lack of overall improvements for adults as well. These disparities

have persisted despite declines in child mortality and changes in mortality risk-factors as

the epidemiological transition has proceeded in India. Disparities can also be observed

across regions and residence, are particularly high in urban areas. The paper documents

severe mortality disadvantage among women in North India. The highest quartile of

North Indian women in Bihar and Uttar Pradesh have similar or lower life expectancy

than women in the lowest quartile in South India.
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Strengths and limitations

The paper has some limitations. Mortality and wealth have a bi-directional relationship

(Deaton, 2013), and assets are measured after mortality in the NFHS surveys. However,

household assets may be less sensitive to mortality in the household than income. Addi-

tionally, the asset index here is operationalized as a relative index within survey rounds.

Understanding the role of absolute improvements in socioeconomic status, either at a

household or more aggregate level, would be helpful in understanding the association

between socioeconomic status and mortality.

The demographic literature has noted a number of concerns on the approach of es-

timating mortality rates from questions on recent deaths in the household (Hill, 1991;

Timaeus, 1991). This paper is able to address these concerns to some extent. For instance,

both Timaeus (1991) and Hill et al. (2006) raise concerns about large sampling variabil-

ity in survey based estimates from the recent household deaths approach. To address

these concerns, I empirically estimate standard errors and confidence intervals using a

cluster bootstrap approach. I also combine the earlier two NFHS rounds. Overall, we

find that the NFHS surveys are powered to study mortality disparities. A second concern

that this literature has noted is downward biases in mortality estimates. Timaeus (1991)

for instance describes surveys and censuses where a majority of the deaths were missed.

In contrast, estimates from NFHS estimates correspond closely in terms of overall mor-

tality with India’s national life tables estimated from the Sample Registration Surveys.

In many ages, we observe higher age-specific mortality rates in the NFHS than in the

SRS. Third, Hill (1991) notes that the recent household death approach may miss child-

hood deaths. This is not a concern here, since childhood mortality is estimated using the

birth history module. Although we cannot rule out that household splits lead to a dou-

ble counting of some deaths, the overall proportion of such deaths is small, and surveys

which randomly sample households are less likely than censuses to observe the same
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death twice. Finally, age-misreporting among poorer older individuals and not observ-

ing deaths among those single-person households likely underestimates mortality in the

poorest wealth categories. Even if these last two concerns cannot be addressed directly,

they make the disparities documented here conservative.

The approach used here also has several strengths. First, the paper uses large-scale

data to directly estimate empirical mortality rates for an important and long period in

India. This period saw robust economic growth, a decline in absolute poverty, but an

increase in economic inequality. This paper shows that this period also saw declines in

child mortality disparities but persistent disparities in the working ages. Second, the

paper examines the reliability of survey approaches to measure mortality across the life

course and generate insights that have scientific and policy implications. Together with

Vyas et al. (2021) and Gupta and Sudharsanan (2020), the paper contributes to methods

on estimating mortality rates and their standard errors. This approach may be relevant

in other contexts which use multi-stage surveys. Third, relative to the previous literature,

which has examined adult and child mortality disparities separately, the paper is able

to understand mortality disparities across the life course. Finally, the paper contributes

to the literature on the forms of socioeconomic disadvantage which predict mortality.

It shows that in addition to caste and social group, mortality in India is also strongly

patterned by class.

Policy implications

In the ongoing epidemiological transition in India, an academic debate has been con-

cerned about equity in health spending and health system priorities (Subramanian et al.,

2013; Narayan and Ali, 2013). Reducing child and maternal mortality has become a pri-

ority in India, specially with the National Rural Health Mission which was launched in

2005 (Drèze and Sen, 2013). From a policy perspective, prioritizing adult health may
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mean reducing funding for child mortality, especially if overall public health spending

does not increase. Even if adult mortality gets additional allocations, a worry is that since

adult mortality and adult diseases are not more prevalent among the poor, the marginal

increase in health spending on adult diseases increases inequality in spending. This essay

does not suggest the particular diseases to tackle or the policy approaches to pursue to

reduce adult mortality. However, it suggests that since both child mortality and adult

mortality are patterned by socioeconomic status, additional prioritization of adult health

per se will not increase inequality in health spending. The paper shows that unlike child

mortality, overall declines in adult mortality disparities are also modest. This makes pri-

oritizing adult health an even more urgent priority.

From a broader societal perspective, this research has similarities and differences with

research on economic and social inequality in India. As with other research documenting

overall human development in India (Himanshu, 2019), we find life expectancy improve-

ments across wealth classes. However, instead of increases in inequality, as documented

by research on consumption patterns (Subramanian, 2020), we document declines in child

mortality disparities, and no declines in adult mortality disparities. We find that overall

improvements in life expectancy and declines in gradients are also driven by patterns

in the childhood ages. In the adult ages, in addition to persistent gradients that did not

decline, even overall mortality did not reduce substantially.

Research implications

Why is mortality, particularly in the childhood and working ages, consistently patterned

by household wealth? A large literature has focused on the extent and causes of child

mortality disparities in India and elsewhere (Saikia et al., 2013; Chalasani and Rutstein,

2014; Chao et al., 2018). In addition to documenting child mortality disparities in sev-

eral low and middle income countries (Chao et al., 2018), this literature has shown that
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other markers of child health, such as anemia, weight, or height also have large gradients

(Subramanyam et al., 2010; Coffey et al., 2019; Onyeneho et al., 2019).

Such large adult mortality disparities have not been documented in other low- and

middle-income countries (Sudharsanan, 2019; Beltrán-Sánchez et al., 2020). Because car-

diovascular disease risk factors are not patterned strongly by wealth Patel et al. (2019),

this is a paradox. Except underweight, anemia, and lung function among adults, other

adult mortality risk-factors such as blood glucose and hypertension are not more preva-

lent among the poor in India (Arokiasamy et al., 2021). The rich are more likely to be

overweight in the Longitudinal Aging Study of India (Arokiasamy et al., 2021). The poor

are more likely to have untreated hypertension. This is consistent with patterns observed

in the India Human Development Survey – although they interpret self-reported cardio-

vascular diseases as prevalence of cardio-vascular diseases, Barik et al. (2018) also find

higher access to healthcare among the rich, and lower adult mortality among them.

Investigating factors such as access to the healthcare system (Baru et al., 2010; Balara-

jan et al., 2011), exposures to pollution from solid fuel use (Gupta, 2019), and tubercu-

losis or accidental mortality may help understand why adult mortality is patterned by

household wealth. The extent to which class based inequalities are contributed by caste

differences, as documented in Gupta and Sudharsanan (2020) and (Vyas et al., 2021), may

also explain the patterns observed here. Finally, working conditions, and class-based in-

equalities themselves may be a factor slow adult health improvements. The causes of

slow adult mortality improvement, which were also noted by Saikia et al. (2011), deserve

further examination.
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6 Conclusion

This paper documents persistent disparities in mortality across the life course in India.

Disparities are large in a comparative perspective as well as when considering temporal

patterns in India. The life expectancy that wealthy Indians achieved in the 1990s have

not yet been observed for the average Indian. The poor, on the other hand, have life

expectancies that were observed a hundred years ago in high-income contexts, or are

seen in contemporary Sub-Saharan Africa. In contrast to child mortality, adult mortality

levels and differentials have not declined. The paper documents an urgent need for social

and health policy to address disparities and improve health in the childhood and adult

ages for the poorest Indians.
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Figure 1: Wealth disparities in life expectancy at birth
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Figure 2: Disparities in child and adult mortality
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Table A–1: Person-years and deaths, by sex, residence, and household wealth quartile

Characteristics NFHS-1 (1992-93) NFHS-2 (1998-99) NFHS-4 (2015-16)

sex sample quartile person-years deaths person-years deaths person-years deaths

female overall poorest 150,116 1,670 150,062 1,658 1,105,286 8,492
female overall 2nd quartile 147,375 1,698 164,296 1,570 1,205,110 8,481
female overall 3rd quartile 146,904 1,355 165,984 1,334 973,585 6,258
female overall wealthiest 162,760 950 166,428 1,120 1,124,684 6,577

female urban poorest 36,697 339 37,434 294 331,269 2,121
female urban 2nd quartile 38,210 285 41,713 331 358,336 2,234
female urban 3rd quartile 42,951 256 44,169 293 385,670 2,111
female urban wealthiest 43,294 190 44,659 268 370,456 2,030

female rural poorest 136,564 1,529 104,651 1,164 685,865 5,316
female rural 2nd quartile 108,604 1,269 123,098 1,311 737,098 5,521
female rural 3rd quartile 113,076 1,135 123,584 1,071 746,855 5,213
female rural wealthiest 87,760 670 127,462 951 793,116 5,262

male overall poorest 153,370 2,012 153,918 1,951 1,098,174 11,219
male overall 2nd quartile 159,472 1,747 175,634 1,769 1,217,446 11,017
male overall 3rd quartile 159,140 1,390 178,056 1,521 1,008,503 8,048
male overall wealthiest 172,048 1,186 175,733 1,340 1,176,869 8,428

male urban poorest 39,921 484 41,234 439 360,041 3,140
male urban 2nd quartile 43,246 372 45,076 343 372,186 2,826
male urban 3rd quartile 45,943 290 47,772 350 400,726 2,937
male urban wealthiest 45,486 249 47,115 312 393,231 2,487

male rural poorest 139,506 1,814 105,834 1,390 664,529 7,367
male rural 2nd quartile 116,496 1,253 130,574 1,373 738,516 6,815
male rural 3rd quartile 120,588 1,129 131,666 1,239 756,654 6,629
male rural wealthiest 92,844 744 134,070 1,136 815,110 6,511

exposure period Jan1990-Aug1993 Jan1996-Dec1999 Jan2013-Nov2016

All estimates weighted by national households weights. Wealth quartiles are estimated using
a principal component analysis of assets owned by the household. Quartiles are estimated
separately for rural, urban, and all households in each round. This implies, for example, that
person years and deaths in the poorest quartile in urban areas in NFHS-4 are from households
who are the poorest 25% within urban areas in NFHS-4.
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Figure A–1: Comparison of household size in decennial censuses and NFHS surveys
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38



Fi
gu

re
A

–2
:C

om
pa

ri
so

n
of

ag
e-

sp
ec

ifi
c

m
or

ta
lit

y
ra

te
s

fr
om

N
FH

S
an

d
SR

S

e 0
 S

R
S 

(1
99

1-
95

)

e 0
 N

FH
S 

(1
99

0-
99

)

60
.9

 y
ea

rs

61
.2

 y
ea

rs
 [9

5%
 C

I: 
60

.6
-6

1.
8]

----
e 0

 S
R

S 
(1

99
5-

99
)

62
.3

 y
ea

rs
--

e 0
 S

R
S 

(1
99

1-
95

)

e 0
 N

FH
S 

(1
99

0-
99

)

59
.7

 y
ea

rs

60
.4

 y
ea

rs
 [9

5%
 C

I: 
59

.9
-6

0.
9]

----
e 0

 S
R

S 
(1

99
5-

99
)

60
.8

 y
ea

rs
--

.52.525250

0
10

 y
ea

rs
20

30
40

50
60

70
80

0
10

 y
ea

rs
20

30
40

50
60

70
80

fe
m

al
e

m
al

e

N
FH

S
SR

S 
19

95
-9

9
SR

S 
19

91
-9

5

C
om

pa
ris

on
 o

f m
or

ta
lit

y 
ra

te
s,

 1
99

0-
99

e 0
 S

R
S 

(2
01

2-
16

)
e 0

 N
FH

S 
(2

01
3-

16
)

70
.2

 y
ea

rs
70

.0
 y

ea
rs

 [9
5%

 C
I: 

69
.8

-7
0.

2]
----

e 0
 S

R
S 

(2
01

2-
16

)
e 0

 N
FH

S 
(2

01
3-

16
)

67
.4

 y
ea

rs
66

.2
 y

ea
rs

 [9
5%

 C
I: 

66
.0

-6
6.

4]
----

.52.525250

0
10

 y
ea

rs
20

30
40

50
60

70
80

0
10

 y
ea

rs
20

30
40

50
60

70
80

fe
m

al
e

m
al

e

N
FH

S 
20

13
-1

6
SR

S 
20

12
-1

6

C
om

pa
ris

on
 o

f m
or

ta
lit

y 
ra

te
s,

 2
01

2-
16

mortality rates per 1,000 (nmx)

39



Figure A–3: Life expectancy at birth by household asset ventile, 2013-2016
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Figure A–4: Wealth disparities in life expectancy at birth
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Figure A–5: Probabilities of death across the life course, 1990-2016
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Figure A–6: Age-specific death rates by household wealth quartile
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Estimates for 1990-99 are from NFHS 1 & 2. Estimates for 2013-2016 are from NFHS 4.
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Figure A–7: Survivorship curves by household wealth quartile
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Figure A–8: Age heaping in deaths by wealth quartile
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Figure A–9: Robustness: 95% CIs by number of bootstrap samples drawn, NFHS-4
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The vertical height of each bar depicts the 95% confidence interval.
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Figure A–10: Proportion of clusters which have multiple deaths in the same sex, age-
group, and wealth octile
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