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Abstract

The increase in human longevity has been a factor in the increase in world
population but the increase in human longevity has not been uniform across
countries and within countries and this inequality is increasing, which is a matter
of concern as regards sustainable development. Understanding the inequality
in the increase in human longevity is important for determining appropriate
health policies by providing insights into disparities in population health and
mortality. This article highlights the inequality in the gain in life expectancy at
birth in India in the period 1976-2020. The difference in gain in life expectancy at
birth has been decomposed into gain attributed to improvement in mortality at
different ages. The article calls for a decentralised approach to health policy and
planning to address the challenge of differential gain in life expectancy at birth
across mutually exclusive population groups within the country; and argues that
a reduction of inequality in the gain in life expectancy at birth within the country
may contribute to accelerating the increase in life expectancy at birth for the
country, which remains low by international standards.
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Background

The world population is estimated to have increased from around 2.5 billion
in 1950 to more than eight billion in 2023 (United Nations, 2024), an increase
of almost six billion over a period of seventy years. This increase in global
population presents challenges for achieving development goals and ensuring
sustainability. The increase in human longevity has been a factor in the increase
in world population. The life expectancy at birth (LEB), the universally used
indicator of human longevity, is estimated to have increased from around 46
years to more than 73 years between 1950 and 2023 (United Nations, 2024).
However, this increase has not been uniform across or within countries (United
Nations, 2022). Growing disparities in LEB are receiving increasing attention
from the international community, as these inequalities are often unjust,
beyond individual control and, in many cases, increasing. The United Nations
Sustainable Development Agenda calls for healthy life and wellbeing for all at
all ages (United Nations, 2015).

Different arguments have been put forward to explain differences in LEB across
countries. One argument is that these differences may be due to differences
in social and health policies (United Nations, 2022). Health policy can play a
crucial role in controlling a wide range of diseases responsible for differences
in child mortality and hence in reducing inequalities in LEB as improvements
in LEB are strongly related to declines in mortality in the first five years of life.
Another argument points to differences in social and economic status as a key
determinant of the inequality in LEB across populations. The inequality in LEB
driven by social and economic differences can also manifest through access
to and use of health care services and in terms of technological innovations in
medicine and preventive health (Braveman et al., 2011). The inequality in LEB by
social and economic status is also different for males and females (Kinge et al.,
2019; Mackenbach et al., 2019; Case and Deaton, 2021).

Within-country disparities in LEB often reflect variations in socioeconomic
status across different population groups. These differences manifest in many
ways including unequal access to and utilisation of health care services, and
differential access to and adoption of health care innovations. The within-
country inequality in LEB has an impact on the country’s overall LEB since this
is the weighted sum of the LEB of different population groups. Historical data
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on mortality also reveal that LEB and inequality in LEB are usually negatively
correlated (Fuchs and Eggleston, 2018). Directing health policy towards
reduction in within-country inequality in LEB may, therefore, contribute to
accelerating gain in LEB in the country.

The LEB in India remains low by international standards. The country ranked
153 in LEB among 236 countries and areas of the world for which LEB estimates
have been prepared by the United Nations in 2023 (United Nations, 2024). By
comparison, China ranked 77, Sri Lanka 85, Bangladesh 125 and Bhutan 168.
The relatively low LEB in India vis-a-vis other countries and areas of the world
has implications for both demographic transition and social and economic
development of the country. According to United Nations estimates, LEB in
India increased from around 41 years in 1950 to 72 years in 2023, an average
annual increase of around five months per year (United Nations, 2024). On the
other hand, the Registrar General and Census Commissioner of India estimates
that LEB increased from around 52 years during 1976-1980 to around 70 years
during 2016-2020 (Government of India, 2022). Both United Nations estimates
and official estimates also suggest that the gain in LEB has been faster in females
than in males. Official estimates also suggest that, on average, the length of life
of an Indian increased by around 5.8 months per year between 1976-1980 and
2016-2020 with male LEB rising by 4.8 months per year and female LEB by nearly
six months per year.

The low level of LEB in India is associated with a high degree of disparity or
inequality in LEB within the country. Estimates of LEB for 88 mutually exclusive
population groups (22 states and four mutually exclusive sub-groups in each
state — rural male, rural female, urban male and urban female) in India are
available through the official sample registration system for the period 2016-2020
(Government of India, 2022). These estimates suggest that LEB varies from 62.6
years in rural males in Chhattisgarh to 81 years in urban females in Himachal
Pradesh (Government of India, 2022). Besides rural males in Chhattisgarh, LEB
is estimated to be less than 65 years in rural males in Madhya Pradesh and Uttar
Pradesh whereas it has been estimated to be more than 80 years in urban females
in Jammu and Kashmir (Government of India, 2022). It is obvious that reducing
the inequality in LEB within the country can contribute substantially towards
hastening the pace of improvement in LEB in the country.
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The inequality in LEB across population groups is the result of both initial
differences in LEB across population groups and differences in the gain in LEB
over time. The gain in LEB is contingent upon the initial level of LEB as the
relationship between initial LEB and the gain in LEB is convex, not linear — the
higher the initial LEB the slower the gain in LEB (Preston et al., 1972). At the
same time, improvement in LEB has also been found to be influenced by policies
that advance income, health, education, sanitation and medicine, with the effects
varying over age, period, cohort, place and diversity (Oeppen and Vaupel, 2002).
It is therefore crucial in any analysis of the inequality in LEB gain to distinguish
between the natural slowing of LEB gains due to biological limits (ceiling effect)
and slowdown resulting from policy failures, inefficient healthcare systems or
inadequate health technology implementation (Cardona and Bishai, 2018).

Understanding the inequality in LEB gains across population groups is important
for determining appropriate health policies and interventions that contribute
to reducing the inequalities in LEB gain. An understanding of the inequality in
LEB gain also provides insights into disparities in health and mortality across
population groups. Gain in LEB reflects cumulative improvement in mortality
in different age groups throughout the life span. The relationship between LEB
gains and mortality improvements in different ages of the life span is, however,
complex (Pollard, 1982). The contribution of mortality decline at various ages
to overall LEB gains is not uniform; it depends on the age distribution of those
improvements. When mortality reductions are more evenly distributed across
the lifespan, their contribution to LEB gains is generally greater than when
improvements are concentrated in specific age groups (Glei and Horiuchi, 2007).
Therefore, understanding inequality in LEB gains requires analysing how mortality
improvements at different ages influence overall life expectancy.

LEB is also universally recognised as an indicator of population health.
Inequality in LEB gain across population groups, therefore, reflects the disparity
in improvement in population health across population groups, which has
implications for the health policy and for the organisation of healthcare delivery
services. Understanding the inequality in LEB gains helps in targeting mortality
reduction efforts to their maximum efficiency by targeting population groups
with poor LEB gains, thereby accelerating improvements in population health.
The World Health Organization has recommended LEB as a key indicator for
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monitoring health within the framework of the Sustainable Development Goals
(WHO, 2023). Improving LEB is also one of the objectives of India’s National
Health Policy 2017 (Government of India, 2017).

Many studies have analysed disparities in LEB in India (Chaurasia, 1992; 1993a;
1993b; 2010; 2021; 2023; Navaneetham, 1993; Subramanian et al., 2006; Asaria et
al., 2019; Silva-lllanes, 2024; Yadav and Yadav, 2024; Kumari and Mohanty, 2020; Jain
at al., 2022; Gupta and Sudharsan, 2022; Vyas et al., 2022; Das and Mohanty, 2024)
and in other countries (Singh and Siahpush, 2014; Singh and Lee, 2021; Dwyer-
Lindgren et al., 2024, Liou et al., 2020; Aksan and Chakraborty, 2023; Kinge et al.,
2019; Cardona and Bishai, 2018; Salami et al., 2019; Woolf, 2024; De Ramos et al.,
2022; Baker et al., 2018; Dahl et al., 2021; Fuchs and Eggleston, 2018). Most of
these studies have focused on the variation in LEB relative to a range of population
characteristics such as region, rural-urban, income and education. It has been
observed that the age pattern of mortality varied across different regions of India
(Chaurasia, 1992). Further, the relative contribution of changes in age-specific
survival probabilities to changes in life expectancy at birth (LEB) has also been
shown to differ across Indian states (Chaurasia, 2021). There has, however, been
little effort to explore the reasons behind uneven gains in LEB within India across
population groups. Such an analysis has policy and programme implications as it
helps in prioritising health interventions for maximum gains in population health.

This article analyses the inequality in the gain in LEB across sixty mutually
exclusive population groups in India during the period 1976-2020 for which
life tables are available based on India’s official sample registration system. A
decomposition model has been used for the analysis which decomposes the gain
in LEB in a population group into a state component, which is common to all sub-
groups, a sub-group component, which is common to all states, and a residual
component which is specific to the population group. The article also analyses
how improvement in mortality in different ages of the life span has contributed
to the gain in LEB in different population groups. The analysis shows that
mortality improvement in India during 1976-2020 has largely been concentrated
in younger age groups and has not been dispersed across the entire life span.
The concentration of mortality improvement in selected age groups appears
to be a reason for the limited impact of mortality improvement on the gain in
LEB in the country. Since the inequality in the gain in LEB across population
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groups reflects differences in the improvement in population health in different
population groups, a decentralised approach to health policy formulation and for
planning and programming for the delivery of health care services is needed for
accelerated improvement in population health in the country.

The article is divided into six sections. The first section describes the method
adopted for the analysis while section two describes the data source. The analysis
is based on the life tables constructed using the age-specific mortality rates
obtained through the official sample registration system. An overview of the
variation in the gain in LEB across sixty mutually exclusive population groups for
which life tables are available for the period 1976-2020 is presented in section
three, while section four decomposes the variation in LEB into variation common
to all population groups and variation specific to each population group. This
decomposition analysis reveals that most of the disparity or the inequality in the
gain in LEB across mutually exclusive population groups within India is due to
the variation in the gain in LEB that is common to all population groups. Section
five of the article analyses the contribution of the improvement in mortality in
different ages to the gain in LEB in the whole country and in different population
groups within the country. Section six decomposes the difference in the gain
in LEB between two population groups into gain attributed to improvement in
mortality in different ages across the life span. The final section of the article
summarises the findings of the analysis and discusses their implications from the
perspective of the health policy and planning and the health care system.

The Method

The population is cross classified into r rows or states (i=1,....,r) and ¢ columns or
mutually exclusive population sub-groups in each state (j=1,...c) so that the entire
population is divided into n=rxc mutually exclusive population groups. Let e;
denotes the LEB and V; denotes the gain in LEB in sub-group j of the geopolitical
unit (state) i between time t; and t; (t,>t;), whereas V.. denotes the average gain
in LEB across n mutually exclusive population groups. Then V; can be written as

Vij

_— 1
V. XV XV M

2 1 _ —
ejj —ej = Vij_ V. XV, X V] X
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Here,V; is the average of the gain in LEB across ¢ population sub-groups in the
state i; and V; is the average of the gain in LEB across r states in population
sub-group j. Equation (1) can be written as

Vij ViV (E
ij i. i. V..
= b Tl
v v. v Vi Vi 2
S (x3) @
or
Vij _
V___ mi.XmJ Xmij (3)
where
_vi
m; = v @)
Vi
\v
)
mij = v.—v;
(53

Equation (3) can be used to decompose the difference in LEB gain in a population
group relative to average gain across all population groups into two components,
an average component and a population group-specific component. The
average component is determined by the average of the gain in all population
sub-groups in a state and is determined by the multiplier m;, and average of the
gain in all states in a population sub-group and is determined by the multiplier
m;. The component of the gain in LEB which is specific to the population group is
determined by the multiplier mj.

The disparity or the inequality in the gain in LEB across n mutually exclusive
population groups may now be measured in terms of the Theil entropy index
(Shorrocks, 1980) which is defined as:

—lyr ye Vi Vij
I=131,%¢, V__xln(v__) %
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Since,

In (%) = In(m; xm; xm;;) = In(m;) + In(m) + In(m;;) ®)

equation (7) can be written as

1 Vij 1 Vij 1 Vi
I = I =1 Z]C‘=1_J x In(m;) + ;er=1 Z§=1V_j X ln(m'j) + ;Zir=1 Zﬁ:lv__,] X ln(mi]-) 9

or

I= L+ 1+ (19
where

Iy = ¥y Doy 2 X In(my) (1)

le = >%iy By vt X In(m ) (12)

lye = % ¥y Tjer 2 X In(my) (13)

Equation (3) can be fitted by using the polishing technique first proposed by Tukey
(1977). The polishing technique is a non-parametric method that does not require
any assumption about the data. The method successively sweeps the polishing
function out of rows, then sweeps the polishing function out of columns, then rows,
then columns, and so on, accumulates them in ‘all’, ‘row’, and ‘column’ registers
to obtain, respectively, values of V., m;, and m;, and leaves behind residuals (m).
The geometric mean has been used instead of median and arithmetic mean as
the polishing function in the present analysis. The median is not based on all
values in the dataset whereas use of the arithmetic mean is not appropriate when
it is uncertain that the underlying data are statistically normally distributed. An
undesirable property of the arithmetic mean is that it implies full compensability
in the sense that below average values in the data can be compensated by above
average values. The use of geometric mean as the polishing function is preferred
as it addresses the problems associated with median and arithmetic mean.
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Let g denotes the geometric mean of the age-specific mortality rates m(x). Then
the gain in e between two points in time t, and t, (t,>t) may be written as

e —e =V= m X In(g2/91) = Kz1 X In(g2/91) (14)
where
Ky = @ (15)
Or

=S Dl n (5203) = 2 i (7203) = 22 V) i
V(x) = KZl x In (:i—g;) i

Equation (16) decomposes the gain in e into the gain attributed to the
improvement in mortality in different ages. The difference in the gain in e between
two populations A and B, may be decomposed as

VAB= V4 — VB=Y1_ VA(x) — TP, VB(x) = X7, (VA) — V(%)) (18)

Following Kitagawa (1955), we can write

A B A B
K4 K5 ln(mz(x)>+ln<m2(x)> K4 +KD5)x ln(mz(x)>~ln<m2(x))
e (m(zh)n(2e2 e G Dt o 19
Tax 2n x 2n
or

mé (0
(Kf‘l—KzBl)xln(m (x)xmB (x)) (Kf’l—l(fl)xln(m (x)xm?B (x)) (K541+K231)x1n(mz3(x)) _

AB _
=2x 2n 2n 2n
A
A, B mf (x)
(k21+1(21)xln(m113(x)>
2n (20)

Let us define

B(x) = ymA(x) x m®(x) 1)

mA(x)
ax) = o)

(22)
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then, equation (20) reduces to

VAB= [ Yo(Kf — K3) XIn (f?zix;)] [ Yo(Kf + KF) X In (azﬁg)] (23)
Equation (23) is the product-ratio decomposition formula of the difference in the
gain in LEB between two populations. The two components of the difference in
the gain in LEB are virtually independent of each other (Tukey, 1977). The first
component on the right-hand side of the equation (23) gives the contribution
of the difference in the improvement in the average mortality between the two
populations, measured in terms of the geometric mean age-specific mortality
rates. The second component on the right-hand side of the equation (23), on
the other hand, gives the contribution of the difference in the improvement in
the age-specific mortality rates in the two populations measured in terms of the
ratio of the mortality improvement between the two populations. The ratio of the
improvement in age-specific mortality rates between two populations is argued
to be the more appropriate indicator for analysing mortality difference between
two populations than the arithmetic difference of the age-specific mortality
rates, as the ratio is less sensitive to the level of mortality than the arithmetic
difference (Bergeron-Boucher et al., 2018). It may also be noticed that equation
(23) also accounts for the difference in age-specific mortality rates between the
two populations at time t;.

Data Source

The analysis is based on the life tables constructed from the age-specific mortality
rates available from the official sample registration system (SRS) of India for the
period 1976-1980 and 2016-2020 (Government of India, 1985; 2022). The SRS is a
large-scale demographic sample survey which is based on the dual record system
(Government of India, 2022). The SRS is the only source in India that provides
estimates of the age-specific mortality rates for the country and for selected
states of the country separately for four mutually exclusive population groups
— rural male, rural female, urban male, urban female — on an annual basis. Age-
specific mortality rates available from the SRS are, however, known for year-to-year
fluctuations of unknown origin. To eliminate the effect of these fluctuations, it is
the standard practice to use five-years average mortality rates for the construction
of the life tables. An advantage of this practice is that it also augments the sample
size (Government of India, 2022).

10
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The present analysis is confined to only those fifteen states of the country for which
life tables based on age-specific mortality rates from the SRS are available for the
period 1976-1980 and the period 2016-2020. Estimates of age-specific mortality
rates are not available for other states and Union Territories of the country either
from the SRS or from any other source. Age-specific mortality rates for three states
— Andhra Pradesh, Madhya Pradesh and Uttar Pradesh — for the period 1976
1980 and 2016-2020 are, however, not strictly comparable because of changes
in administrative boundaries of these states. These three states, as they existed
during 1976-1980 have been divided into six states Andhra Pradesh and Telangana,
Chhattisgarh and Madhya Pradesh, and Uttar Pradesh and Uttarakhand respectively
during the period 2016-2020. It is, however, assumed that the difference in the age-
specific mortality rates resulting from the change in the administrative boundaries
of these three states is only marginal and its impact on the gain in LEB in the three
statesis negligible. The analysis, therefore, has been carried out for the sixty mutually
exclusive population groups - fifteen states and four population sub-groups in each
state — rural male, rural female, urban male, urban female.

ltmay also be pointed outthatthe abridgedlife tables prepared by the Government
of India for the period 1976-1980 are based on a different methodology from that
used for the construction of life tables for the period 2016-2020 and, therefore, life
tables for 1976-1980 are not comparable with life tables for 2016-2020. Moreover,
age-specific death rates for the period 1976-1980 are available up to seventy years
of age only whereas data for the period 2016-2020 are available up to 85 years
of age. We have, therefore reconstructed the abridged life tables for the period
1976-1980 using the MORTPAK software package of mortality measurement
developed and made available by the United Nations (United Nations, 2013) as
the same software has been used for the construction of abridged life tables for
the period 2016-2020 by the Government of India.

Gain in LEB in India 1976-2020

Table 1 presents estimates of LEB during 1976-1980 and gain in LEB during 1976—
2020 in India and in its fifteen states for total population and for four mutually
exclusive population sub-groups. The LEB increased by almost eighteen years
in India between 1976-1980 and 2016-2020, which implies an average annual
increase of less than 0.5 years per year. Among fifteen states, LEB increased by
less than ten years in Punjab and Kerala but more than twenty years in Odisha,
Tamil Nadu and Uttar Pradesh, with the gain being the most rapid in Odisha.

"
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Kerala had the highest LEB during 1976-1980 while LEB was the second highest
in Punjab. On the other hand, LEB was the lowest in Uttar Pradesh and the second
lowest in Odisha during 1976-1980.

Figure 1. LEB in 1976-1980 and gain in LEB, 1976-2020 - total population
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The increase in LEB has also been different in the four population sub-groups
— the highest in rural females but the lowest in urban males. The LEB in urban
males was almost ten years higher than that in rural females during 1976-1980.
This difference reduced to less than two years during 2016-2020. The gain in
LEB in urban females has been very slow in Andhra Pradesh, Assam, Karnataka
and Madhya Pradesh but very fast in Haryana and Kerala. The gain in LEB in
rural females has been the fastest among the four population sub-groups in
thirteen of the fifteen states. There is no state where gain in LEB has been the
highest in urban males among the four population sub-groups. The gain in LEB in
rural females was at least twenty years in nine of the fifteen states but there is no
state in which rural males equalled this gain. Similarly, there is no state where the
increase in LEB in either rural males or urban males was equal to or greater than
twenty years, whereas there is only one state — Haryana — in which urban females
recorded an LEB gain exceeding twenty years.

12
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Figure 2. LEB in 1976-1980 and gain in LEB, 1976-2020 - rural male
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Figure 3. LEB in 1976_1980 and gain in LEB, 1976-2020 - rural female
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Figure 4. LEB in 1976-1980 and gain in LEB, 1976-2020 - urban male
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Figure 5 LEB in 1976-1980 and gain in LEB, 1976-2020 - urban female
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Among the sixty mutually exclusive population groups, the gain in LEB has
been the most rapid in rural females in Uttar Pradesh but the slowest in urban
males in Punjab. There are eight population groups in which the gain in LEB has
been less than ten years whereas in nine population groups, the gain has been
at least twenty years. The within-state inequality in the gain in LEB, measured in
terms of the coefficient of variation in LEB gain across four population sub-groups,
has been the highest in Haryana followed by Himachal Pradesh and Odisha but
the lowest in Kerala. In Haryana, LEB increased by around eight years in urban
males but by more than 22 years in urban females, whereas increase in LEB in
Kerala ranged between 8.7 to 10.8 years across the four population sub-groups.
In many states, gain in LEB has largely been confined to specific population sub-
groups only.

The gain in LEB during 1976-2020 across sixty mutually exclusive population
groups appears to be associated with the level of LEB during 1976-1980 - the
lower the LEB during 1976-1980 the higher the gain in LEB during 1976-2020
and vice versa — but there are notable exceptions. LEB in urban females in
Jammu and Kashmir was more than 65 years during 1976-1980, while the gain in
LEB has been more than fifteen years during 1976-2020. Similarly, LEB in urban
females in Himachal Pradesh was 66.7 years during 1976-1980 while the gain
in LEB has been more than fourteen years. LEB in rural females in Himachal
Pradesh was around 54 years during 1976-1980 but the gain in LEB was more
than 23 years during 1976—2020, making this group an outlier as regards gain in
LEB. On the other hand, LEB in rural males in Madhya Pradesh was only around
48 years during 1976-1980 but the gain in LEB was around sixteen years during
1976-2020. Figure 1 suggests that the inequality in the gain in LEB across sixty
population groups during 1976-2020 cannot be explained by the variation in
LEB in these population groups during 1976-1980 alone. Other factors also
appear to have contributed to the uneven distribution of LEB gains during
the period 1976-1980 across sixty population groups, although initial levels
of LEB have played a role in determining the extent of improvement in LEB
during 1976-2020.

15
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Figure 6. Life expectancy at birth, 1976-1980, and gain in life expectancy
at birth, 1976-2020, in mutually exclusive population sub-groups in India
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Figure 7a. Actual and expected gain in LEB in rural males
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Figure 7b. Actual and expected gain in LEB in rural females
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Figure 7c. Actual and expected gain in LEB in urban males
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Figure 7d. Actual and expected gain in LEB in urban females
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INEQUALITY IN THE GAIN IN LIFE EXPECTANCY AT BIRTH IN INDIA, 1976-2020

The United Nations has developed model mortality improvement trajectories
based on the increase in LEB in different countries of the world during the
period 1950-2005 (United Nations, 2004). These model mortality improvement
trajectories are expressed as annual increments in LEB at a given level of LEB in
the beginning of the year but are presented as quinquennial increments labelled
as very fast (VF); fast (F); medium (M); slow (S); and very slow (VS) improvement
in LEB. A comparison of the gain in LEB in sixty population groups in India with
the expected LEB gain based on the United Nations medium (M) mortality
improvement trajectory is presented in table 2. In India, actual gain in LEB during
1976-2020 has been less than that expected under United Nations medium
mortality improvement trajectory in both urban males and urban females with a
substantial shortfall in urban males. In rural males and rural females, on the other
hand, the actual gain in LEB has been more than the expected gain, although
the difference is marginal. Similarly, the actual gain in LEB has been less than
expected in 39 of the sixty mutually exclusive population groups. There is no
state where actual gain in LEB in urban males has been more than the expected
gain in LEB, whereas actual gain in LEB in rural females has been more than the
expected gain in ten of the fifteen states. The actual gain in LEB in rural males has
been more than the expected gain in LEB in seven states while actual gain in LEB
in urban females has been more than expected in eleven states.

The gain in LEB in a population group can be decomposed into four factors: gain
common to all sixty population groups, gain specific to the state common to all
sub-groups in the state, gain specific to sub-groups common to all states and the
residual gain. Table 3 presents decomposition results. The average gain in LEB
across sixty population groups is around 14.2 years. The gain in LEB attributed
to states and common to all sub-groups in the state ranges from -5.7 years in
Punjab to 3.9 years in Tamil Nadu. Similarly, gain in LEB in different sub-groups
but common to all states ranges from -3 years in urban males to 5.1 years in rural
females. Finally, gain in LEB which is not explained by the common component,
state component and sub-group component ranges from -3.6 years in rural males
in Haryana to 8.8 years in urban females again in Haryana. In Himachal Pradesh,
Karnataka, Kerala and Punjab, the state factor accounts for a loss rather than
gain in LEB. Among the four sub-groups, the gain in LEB is confined to rural
female only. In urban males and urban females, there is loss, not gain, in LEB,
whereas there is virtually no gain in rural males. On the other hand, in 28 of the
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sixty population groups, the residual component results in a loss, rather than gain
in LEB. The gain in LEB determined by the grand average and the corresponding
state, and sub-group effects may be perceived as the statistically normal gain in
LEB for the population group. The deviation from this statistical normal may be
attributed to factors that are specific to the population group.

The inequality in the gain in LEB across India’s sixty mutually exclusive population
groups may be attributed to three factors: inequality in the gain in LEB across
states; inequality in the gain in LEB across the four mutually exclusive population
sub-groups; and inequality in the residual component of the gain in LEB. The
Theil entropy index, which measures the inequality in the gain in LEB relative to
the expected gain in LEB, is estimated to be 0.099. This index is zero when the
actual gain in LEB is the same as the expected gain in LEB in all sixty population
groups and higher the inequality higher the index. Equation (10) suggests that
approximately twenty per cent of the inequality in the gain in LEB across sixty
population groups may be attributed to variation in the gain in LEB attributed to
the residual component, while the remaining eighty per cent of the inequality is
almost equally distributed between the variation in the gain in LEB across states
and variation in the gain in LEB across the four mutually exclusive population sub-
groups. There are twelve population groups in which the gain in LEB has been at
least ten per cent higher than the expected gain in LEB due to factors specific to
the population group. Similarly, there are eleven population groups in which the
gain in LEB has been at least ten per cent lower than the expected gain in LEB
due to factors specific to the population group. In the remaining 37 population
groups, factors specific to the population group have accounted for less than £10
per cent of the variation in the actual gain in LEB and the expected gain in LEB.
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Table 3. Decomposition of the gain in LEB across sixty population groups,

1976-2020
State Sub-group Gain in LEB
Common to | Specific Specific | Residual | Total
states and to state to
sub-groups sub-group
Andhra Rural Male 14.2 0.8 0.0 3.0 17.9
Pradesh
Rural 14.2 08 5.1 07 | 194
Female
Urban Male 14.2 0.8 -3.0 0.4 12.3
Urban 14.2 0.8 -0.9 -2.3 11.7
Female
Assam Rural Male 14.2 0.4 0.0 1.2 15.8
Rural 14.2 0.4 5.0 2.3 17.2
Female
Urban Male 14.2 0.4 -3.0 35 15.1
Urban 14.2 0.4 -0.9 -2.7 11.0
Female
Gujarat Rural Male 14.2 3.1 0.0 -1.3 15.9
Rural 14.2 3.1 5.9 -1.4 21.7
Female
Urban Male 14.2 3.1 -3.5 1.1 14.9
Urban 14.2 3.1 -1.1 1.2 17.3
Female
Haryana Rural Male 14.2 0.1 0.0 -3.6 10.7
Rural 14.2 0.1 49 16 | 208
Female
Urban Male 14.2 0.1 2.9 2.9 8.5
Urban 14.2 0.1 -0.9 8.8 22.2
Female
Himachal Rural Male 14.2 -0.7 0.0 -0.9 12.6
Pradesh
Rural 14.2 -0.7 4.6 5.1 23.2
Female
Urban Male 14.2 -0.7 -2.7 -2.8 8.0
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State Sub-group Gain in LEB
Common to | Specific Specific | Residual | Total
states and to state to
sub-groups sub-group
Urban 14.2 -0.7 -0.9 1.6 14.3
Female
Jammu & Rural Male 14.2 1.7 0.0 -1.0 14.9
Kashmir
Rural 14.2 17 54 02 | 215
Female
Urban Male 14.2 1.7 -3.2 0.2 12.9
Urban 14.2 1.7 -1.0 0.5 15.4
Female
Karnataka Rural Male 14.2 2.6 0.0 0.4 11.9
Rural 14.2 2.6 3.9 0.5 16.0
Female
Urban Male 14.2 2.6 -2.3 15 10.7
Urban 14.2 2.6 -0.7 -2.1 8.7
Female
Kerala Rural Male 14.2 -4.5 0.0 -0.7 9.0
Rural 14.2 -4.5 33 -2.6 10.3
Female
Urban Male 14.2 -4.5 -2.3 1.5 8.8
Urban 14.2 -4.5 -0.6 1.7 10.8
Female
Madhya Rural Male 14.2 14 0.0 0.6 16.2
Pradesh
Rural 14.2 1.4 53 0.9 21.8
Female
Urban Male 14.2 1.4 -3.2 0.5 13.0
Urban 14.2 14 1.0 47 | 129
Female
Maharashtra | Rural Male 14.2 0.7 0.0 1.9 16.8
Rural 14.2 0.7 5.1 -1.7 18.4
Female
Urban Male 14.2 0.7 -3.0 0.5 12.5
Urban 14.2 0.7 -0.9 -1.0 12.9
Female
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State Sub-group Gain in LEB
Common to | Specific | Specific | Residual | Total
states and to state to
sub-groups sub-group
Odisha Rural Male 14.2 0.9 0.0 4.4 19.4
Rural 14.2 0.9 5.1 3.6 23.8
Female
Urban Male 14.2 0.9 -3.1 -1.9 10.1
Urban 14.2 0.9 -1.0 -3.1 111
Female
Punjab Rural Male 14.2 -5.7 0.0 -0.7 7.7
Rural 14.2 -5.7 2.9 -0.2 11.1
Female
Urban Male 14.2 -5.7 -1.7 0.1 6.8
Urban 14.2 -5.7 -0.5 0.8 8.8
Female
Rajasthan Rural Male 14.2 1.8 0.0 0.2 16.2
Rural 14.2 1.8 54 -0.1 21.3
Female
Urban Male 14.2 1.8 -3.2 0.2 12.9
Urban 14.2 1.8 -1.0 -0.3 14.7
Female
Tamil Nadu | Rural Male 14.2 3.9 0.0 -0.5 17.5
Rural 14.2 3.9 6.2 -1.9 22.4
Female
Urban Male 14.2 3.9 -3.0 0.4 15.6
Urban 14.2 3.9 -1.1 1.4 18.3
Female
Uttar Rural Male 14.2 3.1 0.0 -0.6 16.7
Pradesh
Rural 14.2 3.1 5.9 1.5 24.6
Female
Urban Male 14.2 3.1 -3.5 -0.3 13.4
Urban 14.2 3.1 -1.1 -0.1 16.1
Female

SOURCE: AUTHOR
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Contribution of Mortality Improvement

Table 4 gives the contribution of the improvement in mortality in different ages of
the life span to the gain in LEB in different population groups. In India, mortality
improvement in the first year of life accounted for a gain of 0.31 years in LEB gain
during the period 1976-2020, whereas average improvement in mortality in the age
group 1-4 years accounted for a gain of 0.67 years in LEB gain, which means that
mortality improvement in this age group accounted for around 0.67x4=2.7 years of
the gain in LEB in the country. Table 4 suggests that almost 39 per cent of the gain
in LEB in the country has been the result of the improvement in mortality in the first
fifteen years of life, while another 39 per cent has been the result of the improvement
in mortality improvement in the age group 15-49 years. By contrast, improvement
in mortality in ages seventy years and above during this period has resulted in only
about seven per cent of the gain in LEB. As the result, the cumulative distribution of
the proportionate contribution of the improvement in mortality in different ages of
the life span to the gain in LEB has been convex (Figure 2).

Figure 8. Proportionate (per cent) contribution of the improvement in
mortality at different ages to the gain in life expectancy at birth, 1976-2020,
in India
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The contribution of the improvement in mortality in different age groups to
the gain in LEB has also been different in different population sub-groups. In
rural males, almost 45 per cent of the gain in LEB is accounted by mortality
improvement in the first fifteen years of life but this proportion is less than 33
per cent in rural females. In urban males, the gain in LEB accounted by the
improvement in mortality in the first fifteen years of life is found to be higher than
the gain in LEB due to improvement in mortality in urban female but substantially
lower than that in female in both rural and urban areas. Gain in LEB attributed
to mortality improvement in the age group 50-69 years is found to be higher
in males than in females in both rural and urban areas of the country. In the
age group seventy years and above, on the other hand, the contribution of the
improvement in mortality to the gain in LEB is found to be higher in females in the
rural population but in males in the urban population.

The contribution of mortality improvement at different ages to LEB gain has also
varied in different states. The proportionate contribution of the improvement in
mortality in the age groups <5 years, 5-14 years, 15-49 years, 50-69 years, and 70
years and above to LEB gain is shown in Figure 3. The contribution of mortality
improvement in the first five years of life to LEB gain in six states has been higher
than the national average, but less than the national average in three states. The
contribution of mortality improvement in ages 5-14 years was around 25 per cent
in Karnataka, but only eighteen per cent in Odisha. The contribution of mortality
improvement in ages 15-49 years was forty per cent in Rajasthan but only 34 per
cent in Haryana and Uttar Pradesh. The contribution of mortality improvement
in the age group 50-69 years was eighteen per cent in Assam and Odisha, but
only seven per cent in Haryana. In the age group seventy years and above, the
contribution was thirteen per cent in Odisha, but only five per cent in Madhya
Pradesh. In Karnataka, there has been virtually no improvement in mortality in this
age group. The male-female difference in the contribution has also been different.
The contribution of male mortality improvement in the age-group 1-4 years is
higher than that of female mortality in all states except Karnataka, Rajasthan, and
Uttar Pradesh. In these states, contribution of urban female mortality improvement
to LEB gain has been higher than that of urban male mortality. The same is the
situation in 5-14 years of age, although there are exceptions, the most notable
is Himachal Pradesh where mortality increased, instead of decreased, in urban
males. In the 15-49 age group, the contribution of female mortality improvement
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was higher than that of male mortality in all population groups except the urban
population of Himachal Pradesh and Punjab. Moreover, in population aged fifty
years and above, the contribution of male mortality improvement to LEB gain has,
in general, been higher than the contribution of female mortality improvement,
but there are important exceptions to this common pattern as may be seen in
Figure 3.

Figure 3 also shows that, in some population groups, the improvement in mortality
has been inconsistent. The increase in mortality in these population groups has
contributed to loss, instead of gain, in LEB. In Punjab, for example, the entire gain
in LEB during the reference period has been due to the improvement in mortality
in ages below fifty years as mortality increased, instead decreased, in ages fifty
years and above. This has particularly been the case with rural females in Punjab,
whereas rural males in the age group 50-69 years have seen a marked increase
in mortality, although mortality decreased in ages seventy years and above.
Similarly, Odisha has seen a marked increase in mortality in ages seventy years
and above in both urban males and females while mortality decreased in the
state’s rural population. In addition to Punjab and Odisha, mortality appears to
have increased in urban females aged seventy years and above in Assam, urban
males aged seventy years and above in Himachal Pradesh and in rural males
and urban females aged seventy years and above in Karnataka. Mortality also
increased in the age group 50-69 years in rural males in Haryana and in rural and
urban males in Himachal Pradesh. The increase in mortality in these population
groups has contributed to a loss, instead of a gain, in LEB. The very slow gain in
LEB in Punjab during 1976-2020 can be attributed to the increase in mortality
in ages fifty years and above. Similarly, gain in LEB in the urban population of
Odisha would have been more rapid if mortality in the population aged seventy
years and above had not increased.

Decomposition of the Difference in the Gain in LEB

The difference in the gain in LEB between two population groups can be
decomposed into two nearly independent product and ratio components in
conjunction with equation (19). Results of this decomposition for the four mutually
exclusive population groups in India are presented in Table 5, which highlights
that contributors to the differences in LEB gains vary across groups. The gain
in LEB in rural females in India was 4.1 years higher than the gain in LEB in rural
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Figure 9. Proportionate (per cent) contribution of the improvement in
age-specific mortality rates to the gain in LEB, 1976-2020, in states of India
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males because of more rapid improvement in mortality in rural females relative
to rural males in the age group 35-79 years. In ages younger than 35 years and in
ages eighty years and above, mortality improvement in rural males has been more
rapid than mortality improvement in rural females. On the other hand, the gain
in LEB in urban females has been around 1.3 years higher than the gain in LEB
in urban males due to faster improvement in urban female mortality in the age
group 1-39 years. In contrast, mortality improvement in the first year of life and
in ages forty years and above, has been more rapid in urban males than in urban
females. The difference in the gain in LEB between rural females and rural males
has been due to relatively faster improvement in female mortality in older ages
(excluding the very elderly), whereas the difference in the gain in LEB between
urban females and urban males has been due to relatively faster improvement
in female mortality in younger ages (excluding the first year of life). Similarly, the
gain in LEB in rural males has been found to be around 3.7 years more than that
of urban males because mortality improvement in rural males has been more
rapid than in urban males in all but four age groups. It is only in the age groups
45-49 years; 55-59 years; and eighty years and above that improvement in female
mortality has been more rapid than mortality improvement in rural males. On the
other hand, gain in LEB in rural females was around 6.6 years higher than the gain
in LEB in urban females because mortality improvement in rural females has been
more rapid than mortality improvement in urban females for all ages.

The overall difference in LEB gains between two population groups is the sum of
two components: (1) the difference in average mortality improvement between
the groups (the product component) and (2) the difference in the ratio of mortality
improvement between the groups (the ratio component). For example, the
difference in the gain in LEB between rural males and urban males is around
4.4 years due to the product component, but around -0.7 years due to the
ratio component resulting in a net difference of around 3.7 years. On the other
hand, difference in the gain in LEB between rural females and urban females is
around 6.3 years due to the product component, but 0.3 years due to the ratio
component, making the net difference around 6.6 years. In case of the difference
in the gain in LEB between urban females and urban males, however, the product
component accounts for a gain of -1.3 years, but the ratio component accounts
for a gain of around 2.6 years so that the difference in LEB gain between two
population groups is around 1.3 years.
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Among the sixty mutually exclusive population groups, the gain in LEB during
the period 1976-2020 has been the slowest in urban males in Punjab (6.8 years)
but the highest in rural females in Uttar Pradesh (24.6 years), a difference of
around 17.8 years. Table 6 decomposes the difference in gain in LEB between
rural females in Uttar Pradesh and urban males in Punjab. Almost two-thirds of
the difference in the gain in LEB between rural females in Uttar Pradesh and
urban males in Punjab is attributed to the difference in the ratio component
while the product component accounts for around one-third of the difference.
Mortality improved in all ages in rural females in Uttar Pradesh during the
period 1976-2020, but this has not been the case for urban males in Punjab
where mortality increased, instead decreased, in the age groups 35-49 years,
65-74 years, and eighty years and above. The table also shows that the product
component of the difference in the gain in LEB between the two population
groups contributed to increase the difference in the gain in LEB for all age
groups. However, the ratio component of the difference in the gain in LEB
contributed to the decrease the difference in the gain in LEB between the two
population groups in the age groups 0-1 year; 10-19 years; 25-29 years; and
50-59 years. In other age groups, the ratio component contributed to increase
the difference in LEB gain between the two population groups. As the result,
the net contribution of the ratio component or the difference in improvement in
age-specific mortality rate to the difference in LEB gain between rural females
in Uttar Pradesh and urban males in Punjab has been smaller than the net
contribution of the product component or the difference in improvement in
average mortality in the two population groups.

Discussion and Conclusions

This article has highlighted the unevenness in LEB gain within India, across sixty
mutually exclusive population groups. The gain in LEB has varied widely across
these mutually exclusive groups, ranging from more than 24 years in rural females
in Uttar Pradesh to less than seven years in urban males in Punjab. Reasons for this
very marked variation in LEB gain within India are not known at present. A part of
the observed unevenness in LEB gain may be attributed to the ceiling effect as
LEB varied from around 41 years in rural females in Uttar Pradesh to more than
69 years in Punjab in 1976-1980. If the unevenness in LEB gain attributed to the
ceiling effect is controlled, substantial inequality in LEB gain within the country
still remains, as is revealed through comparing the observed LEB gain trajectory
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in different population groups with the medium model mortality improvement
trajectory of the United Nations. This comparison suggests that the difference
between the actual gain and the expected gain in LEB has been different in
different population groups and, in about two thirds of the population groups,
gain in LEB has been slower than expected.

Table 6. Decomposition of the difference between LEB gain in rural females
in Uttar Pradesh and urban males in Punjab, 1976-2020 (years)

Age Difference between Components of the difference in LEB gain
LEB gain in rural Ratio component Product component
males in Uttar
Pradesh and urban
males in Punjab

<1 0.061 -0.096 0.156
1-4 1.971 1.224 0.747
5-9 1.948 1.226 0.722
10-14 0.045 -0.541 0.586
15-19 0.381 -0.318 0.699
20-24 1.202 0.812 0.390
25-29 0.496 -0.111 0.607
30-34 1.479 1.224 0.256
35-39 1.358 1.133 0.226
40-44 1.603 1.478 0.125
45-49 0.973 0.939 0.035
50-54 -0.254 -0.351 0.098
55-59 -0.012 -0.064 0.051
60-64 0.559 0.523 0.036
65-69 1.019 0.818 0.201
70-74 1.337 0.996 0.340
75-79 1.668 1.186 0.482
80-84 1.671 0.990 0.681
85+ 0.283 0.129 0.155
All ages 17.788 11.195 6.593

SOURCE: AUTHOR
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Reasons for observed heterogeneity in LEB gain within India are not known at
present. A part of this heterogeneity may be due to the variation in LEB gain across
states which is common to all population sub-groups within a state. Another part of
the observed heterogeneity may be due to variation in the gain across population
sub-groups which is common to all states. Finally, heterogeneity in LEB gain may
also be due to factors that are specific to specific population groups. The present
analysis suggests that around 77 per cent of the variation in LEB gain across sixty
population groups may be explained, almost equally, by heterogeneity in gain
across states which is common to all population sub-groups within the state
and heterogeneity in gain across population sub-groups which is common to all
states. Heterogeneity in gain attributed to factors specific to specific population
groups accounts for about 23 per cent of the total heterogeneity in LEB gain
across sixty population groups. This heterogeneity in LEB gain is not explained by
the variation in the gain across states and across population sub-groups.

The variation in LEB gains across states, after accounting for differences across
population sub-groups and the residual component, may be attributed to state-
level factors that potentially influence life expectancy. A review of the extensive
literature on the determinants of life expectancy has identified seven factors: 1)
health care expenditures; 2) health financing policies; 3) elements of medical care;
4) health habits; 5) social determinants; 6) social spending; and 7) other external
factors, that have a potential impact on LEB (Roffia et al., 2022). Variations in per
capita health expenditure and the way health services are organised also contribute
to the variation in LEB. Higher public health spending, coupled with efficient health
services, is found to accelerate LEB gain whereas inadequate funding and inefficient
health services hinder LEB gain. An increase of ten per cent in health spending per
capita in real terms is found to be associated with an increase of 3.5 months in
LEB gain in OECD countries (OECD, 2019). In Africa, increase in health spending,
urbanisation and improved water access are found to be associated with LEB gain
(Salami et al., 2019). The impact of increasing per capita public health expenditure
on LEB gain is found to be greater than increase in private health expenditure
(Raeesi et al., 2018; Novignon et al., 2012). However, these factors do not account
for the variation in LEB gains among rural males, rural females, urban males and
urban females after controlling for state-level and residual components common
to all states. They also fail to explain variation in LEB gains specific to population
groups beyond what is attributable to state and sub-group effects.
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The gain in LEB summarises mortality improvement in different ages. In general,
mortality improved in all ages in the sixty population groups but there are notable
exceptions. In Punjab, mortality increased, instead of improving, in ages forty
years and above and this increase appears to be the reason behind very slow gain
in LEB in the state since 1976-1980. In Odisha, mortality increased in ages seventy
years and above in the urban areas but not in the rural areas, which appears to
be a factor behind the slow gain in LEB in the urban areas of the state relative
to its rural areas. The relatively slow gain in LEB in urban females in Assam and
Karnataka, and in urban males in Gujarat and Himachal Pradesh, also appears
to be due to the increase in mortality in older ages. There is a need to explore
reasons behind the increase in mortality in older population in these population
groups. Had mortality not increased in these population groups, the gain in LEB
would have been larger and the inequality in LEB gain would have been smaller.
In most of the population groups, the gain in LEB has primarily been due to
mortality improvement in younger ages, less than fifteen years.

LEB is a universally recognised as the indicator of population health. The inequality
in LEB gain, across population groups, therefore, indicates that improvement in
population health has been uneven in different population groups. At the policy
level, however, there has rarely been any acknowledgement of the inequalities in
the improvement in population health as revealed through the inequality in the
gain in LEB. The latest health policy of India aims at achieving LEB of seventy
years by the year 2025 but is silent about the unevenness in the improvement
in population health across different population groups and how to address this
inequality (Government of India, 2017). Although the goal set out in the National
Health Policy 2017 appears to have been achieved, the present analysis reveals
that significant challenges persist due to uneven improvements in population
health across the country. Addressing these disparities among population groups
is essential for accelerating overall health progress in India.

The health care delivery system in India is a mix of public and private services.
A comprehensive review of India’s health care delivery system has been carried
out elsewhere (Selvaraj et al., 2022). The private health care system is heavily
concentrated in big cities and large towns and primarily provides institution-based
curative health care at a cost. In contrast, the public health care system provides
services either free of cost or at an affordable cost and mainly focuses on health
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promotion and preventive treatment, particularly in rural areas. Its presence in
urban areas is limited primarily to the delivery of hospital-based curative services.
Historically, the public health system in India has been preoccupied with the
delivery of maternal and child health care services, as demonstrated by various
national level programmes launched from time to time. These programmes appear
to have produced substantial improvements in mortality in younger ages, and
reduction in female reproductive mortality. However, meeting the health needs
of the older population appears to have received only residual attention. The
focus on the rural areas in the organisation of public health services is reflected
in above average gain in LEB in the rural areas, especially rural females, whereas
LEB gain in urban areas has lagged. India launched the National Urban Health
Mission in 2013 to address urban health concerns (Government of India, 2013)
which has now become a part of the National Health Mission (Government of
India, 2016). In 2018, the Ayushman Bharat scheme has been launched to improve
health of the population and drastically reduce or eliminate health care-related
impoverishment through universal health coverage. The Ayushman Bharat is a
publicly financed health insurance scheme for the socioeconomically deprived
rural population and selected occupational categories of the urban population
(Keshri and Gupta, 2020).

The analysis presented in this article highlights two critical imperatives for India
as regards improvement in the health of the people of the country. The first
imperative is to explore further the factors, both exogenous and endogenous to
the health care delivery system, that are responsible for the inequality in the gain
in LEB across mutually exclusive population groups. An understanding of these
factors is important since reducing this inequality may contribute to accelerating
in the countrywide gain in LEB. Reasons for these disparities are not yet fully
understood. In Karnataka, Kerala and Punjab, the gain in LEB has been less than
expected in all of the four mutually exclusive population sub-groups, whereas the
gain in LEB in Tamil Nadu has been more than that expected. In other states of the
country, the gain in LEB has been more than that expected in some population
groups but less than expected in others.

The second imperative of the present analysis is that health policy and planning

for meeting the health needs of the people of India must adopt a more nuanced
and integrated approach than the existing highly centralised approach. The
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present analysis highlights the need for moving towards a decentralised
approach to health policy and planning that is sensitive to the marked inequality
or disparity in population health that appears to be quite pervasive in India.
Setting up separate population health goals for different population groups may
be a step in this direction. These goals may be defined in terms of either the
gain LEB or in terms of some other appropriate indicator of population health.
Estimates of age-specific mortality rates and resulting LEB are currently available
for 88 mutually exclusive population groups, cross-classified by 22 states and
four mutually exclusive population sub-groups in each state through the official
sample registration system. These estimates may serve as the basis for setting up
group-specific population health goals. Such an approach may lead to reducing
within-country disparities in population health. A reduction in the disparities
in population health is an operationally feasible and optimal strategy towards
accelerated improvement in population health in India which remains low by
international standards.

References

Aksan, A-M. and S. Chakraborty. 2023. 'Life expectancy across countries:
convergence, divergence and fluctuations’. World Development 168: 06263.
https://doi.org/10.1016/j.worlddev.2023.106263

Asaria, M., S. Mazumdar, S. Chowdhury, P. Mazumdar, A. Mukhopadhyay and
l. Gupta. 2019. ‘Socioeconomic inequality in life expectancy in India’. BMJ Glob
Health 4 (3): €001445. https://doi.org/10.1136/bmjgh-2019-001445

Baker, M., J. Currie and H. Schwandt. 2018. Mortality inequality in Canada and
the US: divergent or convergent trends? Cambridge MA, National Bureau of
Economic Research. Working Paper 23514. https://doi.org/10.3386/w23514

Braveman, P, S. Egerter and D.R. Williams. 2011. ‘The social determinants of
health: coming of age’. Annual Review of Public Health 32 (1): 381-98. https://doi.
org/10.1146/annurev-publhealth-031210-101218

Cardona, C. and D. Bishai. 2018. ‘The slowing pace of life expectancy gains since
1950". BMC Public Health 18: 151.https://doi.org/10.1186/s12889-018-5058-9

39


https://doi.org/10.1016/j.worlddev.2023.106263
https://doi.org/10.1136/bmjgh-2019-001445
https://doi.org/10.3386/w23514
https://doi.org/10.1146/annurev-publhealth-031210-101218
https://doi.org/10.1146/annurev-publhealth-031210-101218
https://doi.org/10.1186/s12889-018-5058-9

AALOK RANJAN CHAURASIA

Case, A. and A. Deaton. 2021. ‘Life expectancy in adulthood is falling for those
without a BA degree, but as educational gaps have widened, racial gaps
have narrowed’. Proceedings of the National Academy of Sciences 118 (11).
https://doi.org/10.1073/pnas.2024777118

Chaurasia, A.R. 1992. 'Regional variation in age pattern of mortality in India’.
Journal of Institute of Economic Research 27 (2): 1-11.

Chaurasia, A.R. 1993a. ‘A parametric investigation of mortality transition in India:
1970-1989". Journal of Institute of Economic Research 28 (2): 12-21.

Chaurasia, A.R. 1993b. '"Mortality change in India: 1970-1985". Demography India
22 (1): 97-112.

Chaurasia, A.R. 2010. ‘Mortality transition in India: 1970-2005". Asian Population
Studies 6 (01): 47-68. https://doi.org/10.1080/17441731003603421

Chaurasia, A.R. 2021. ‘Mortality transition in India 1998-2017". Indian Journal of
Population and Development 1 (1): 1-20.

Chaurasia, A.R. 2023. ‘Seventy years of mortality transition in India: 1950-2021".
Indian Journal of Population and Development 3 (1): 1-34. https://doi.
org/10.1101/2023.03.24.23287189

Dahl, G.B., C.T. Kreiner, T.H. Nielsen and B.L. Serena. 2021. Understanding the rise
in life expectancy inequality. Bonn, Germany, IZA Institute of Labour Economics.
Discussion Paper IZA DP No. 14741. https://doi.org/10.2139/ssrn.3934758

Das, J. and S.K. Mohanty. 2024. 'Estimates of life expectancy and premature
mortality among multidimensional poor and non-poor in India’. BMC Public
Health 24 (1): 3546. https://doi.org/10.1186/512889-024-20966-z

De Ramos, I.P, AH. Auchincloss and U. Bilal. 2022. ‘Exploring inequalities in
life expectancy and lifespan variation by race/ethnicity and urbanicity in the
United States: 1990 to 2019". SSM - Population Health 19: 101230. https://doi.
org/10.1016/j.ssmph.2022.101230

40


https://doi.org/10.1073/pnas.2024777118
https://doi.org/10.1080/17441731003603421
https://doi.org/10.1101/2023.03.24.23287189
https://doi.org/10.1101/2023.03.24.23287189
https://doi.org/10.2139/ssrn.3934758
https://doi.org/10.1186/s12889-024-20966-z
https://doi.org/10.1016/j.ssmph.2022.101230
https://doi.org/10.1016/j.ssmph.2022.101230

INEQUALITY IN THE GAIN IN LIFE EXPECTANCY AT BIRTH IN INDIA, 1976-2020

Dwyer-Lindgren, L., M.M. Baumann, Z. Li, Y.O. Kelly, C. Schmidt ... and C.J.I.
Murray. 2024. ‘Ten Americas: a systematic analysis of life expectancy disparities
in the USA'. The Lancet 404 (10469): 2299-313. https://doi.org/10.1016/S0140-
6736(24)01495-8

Fuchs, V.R. and K. Eggleston. 2018. Life expectancy and inequality in life
expectancy in the United States. Stanford Institute of Economic Policy Research.
Policy Brief.

Glei, D.A. and S. Hourichi. 2007. ‘The narrowing sex differential in life expectancy
in high-income populations: effects of differences in the age pattern of mortality’.
Population Studies 61 (2): 141-59. https://doi.org/10.1080/00324720701331433

Government of India. 1985. SRS Based Abridged Life Tables 1976-80. New Delhi,
Ministry of Home Affairs, Office of the Registrar General, India, Vital Statistics
Division. Occasional Paper No. 1 of 1985.

Government of India. 2013. National Urban Health Mission. New Delhi, Ministry
of Health, and Family Welfare.

Government of India. 2017. National Health Policy 2017. New Delhi, Ministry of
Health, and Family Welfare.

Government of India. 2022. SRS Based Abridged Life Tables 2016-2020. New
Delhi, Ministry of Home Affairs, Office of the Registrar General and Census
Commissioner, India.

Gupta, A. and N. Sudharsanan. 2022. ‘Large and persistent life expectancy
disparities between India’s social groups’. Population and Development Review
48 (3): 863-82. https://doi.org/10.1111/padr.12489

Jain, P, P. Jain and P. Jain. 2022. "Exploring the status of life expectancy at birth
in Indian States and the evolving health perspectives for well-being’. Pacific
Business Review (International) 14 (9): 75-81.

41


https://doi.org/10.1016/S0140-6736(24)01495-8
https://doi.org/10.1016/S0140-6736(24)01495-8
https://doi.org/10.1080/00324720701331433
https://doi.org/10.1111/padr.12489

AALOK RANJAN CHAURASIA

Keshri, V.R. and S.S. Gupta. 2020. ‘Ayushman Bharat and road to universal health
coverage in India’. Journal of Mahatma Gandhi Institute of Medical Sciences 24
(2): 65-67. https://doi.org/10.4103/jmgims.jmgims_44_19

Kinge, J.M., J.H. Modalsli, S. @verland, H.K. Gjessing, M.C. Tollanes and ...
S.EVollset. 2019. 'Association of household income with life expectancy and
cause-specific mortality in Norway, 2005-2015". JAMA 321 (19): 1916-25. https://
doi.org/10.1001/jama.2019.4329

Kitagawa, E.M. 1955. ‘Components of a difference between two rates’. Journal of
American Statistical Association 50 (272): 1168-94. https://doi.org/10.1080/0162
1459.1955.10501299

Kumari, M. and S.K. Mohanty. 2020. 'Caste, religion and regional differentials
in life expectancy at birth in India: cross-sectional estimates from recent
National Family Health Survey’. BMJ Open 10: e035392. https://doi.org/10.1136/
bmjopen-2019-035392

Liou, L., W. Joe, A. Kumar and S.V. Subramanian. 2020. ‘Inequalities in life
expectancy: an analysis of 201 countries, 1950-2015". Social Science & Medicine
253: 112964. https://doi.org/10.1016/].socscimed.2020.112964

Mackenbach, J.P, J.R. Valverde, M. Bopp, H. Brannum-Hansen, P. Deboosere
and... W.J. Nusselder. 2019. 'Determinants of inequalities in life expectancy: an
international comparative study of eight risk factors’. Lancet Public Health 4 (10):
€529-e537. https://doi.org/10.1016/52468-2667(19)30147-1

Navaneetham, K. 1993. ‘Mortality decline in India: an analysis of regional and
temporal variations’. Demography India 22: 53-64.

Novignon, J., S.A. Olakojo and J. Nonvignon. 2012. ‘The effects of public
and private health care expenditure on health status in sub-Saharan Africa:

new evidence from panel data analysis’. Health Economics Review 2: 22.
https://doi.org/10.1186/2191-1991-2-22

OECD. 2004. Towards High-performing Health Systems. Paris: OECD.

42


https://doi.org/10.4103/jmgims.jmgims_44_19
https://doi.org/10.1001/jama.2019.4329
https://doi.org/10.1001/jama.2019.4329
https://doi.org/10.1080/01621459.1955.10501299
https://doi.org/10.1080/01621459.1955.10501299
https://doi.org/10.1136/bmjopen-2019-035392
https://doi.org/10.1136/bmjopen-2019-035392
https://doi.org/10.1016/j.socscimed.2020.112964
https://doi.org/10.1016/S2468-2667(19)30147-1
https://doi.org/10.1186/2191-1991-2-22

INEQUALITY IN THE GAIN IN LIFE EXPECTANCY AT BIRTH IN INDIA, 1976-2020

Oeppen, J. and J.W. Vaupel. 2002. ‘Broken limits to life expectancy’. Science 296:
1029-31. https://doi.org/10.1126/science. 1069675

Pollard, J.H. 1982. 'The expectation of life and its relationship to mortality’. Journal
of Institute of Actuaries 109: 225-40. https://doi.org/10.1017/50020268100036258

Preston S.H., N. Keyfitz and R. Schoen. 1972. Causes of Death: Life Tables for
National Populations. New York, Seminar Press.

Raeesi, P, T. Harati-Khalilabad, A.Rezapour, S. Azari and J. Javan-Noughabi. 2018.
‘Effects of private and public health expenditure on health outcomes among
countries with different health care systems: 2000 and 2014'. Medical Journal of
Islamic Republic of Iran 1: 32-35. https://doi.org/10.14196/mjiri.32.35

Roffia, P, A. Bucciol and S. Hashlamoun. 2023. ‘Determinants of life expectancy
at birth: a longitudinal study on OECD countries’. International Journal of
Health Economics and Management 23: 189-212. https://doi.org/10.1007/
s10754-022-09338-5

Salami, D., A.N. Shaaban and M.D.R. Oliveira Martins. 2019. ‘Africa rising, a
narrative for life expectancy gains? Evidence from a health production function’.
Annals of Global Health 85 (1): 63. https://doi.org/10.5334/a0gh.2307

Selvaraj, S., K.A. Karan, S. Srivastava, N. Bhan and |. Mukhopadhyay. 2022. India
Health System Review. New Delhi: World Health Organization, Regional Office
for South-East Asia.

Silva-lllanes, N. 2024. ‘Trends in socioeconomic inequalities in life expectancy
and lifespan variation in Chile’. Frontiers in Public Health 12: 1404410. https://doi.
org/10.3389/fpubh.2024.1404410

Shorrocks, A.F. 1980. ‘The case of additively decomposable inequality measures'.
Econometrica 48 (3): 613-25. https://doi.org/10.2307/1913126

43


https://doi.org/10.1126/science.1069675
https://doi.org/10.1017/S0020268100036258
https://doi.org/10.14196/mjiri.32.35
https://doi.org/10.1007/s10754-022-09338-5
https://doi.org/10.1007/s10754-022-09338-5
https://doi.org/10.5334/aogh.2307
https://doi.org/10.3389/fpubh.2024.1404410
https://doi.org/10.3389/fpubh.2024.1404410
https://doi.org/10.2307/1913126

AALOK RANJAN CHAURASIA

Singh, G.K. and M. Siahpush. 2014. 'Widening rural-urban disparities in life
expectancy, US, 1969-2009". American Journal of Preventive Medicine 46 (2):
e19-e29. https://doi.org/10.1016/j.amepre.2013.10.017

Singh, G.K. and H. Lee. 2021. '"Marked disparities in life expectancy by education,
poverty level, occupation, and housing tenure in the United States, 1997-2014".
International Journal of Maternal and Child Health and AIDS 10 (1): 7-18. https://
doi.org/10.21106/ijma.402

Subramanian, S.V,, S. Nandy, M. Irving, D. Gordon, H. Lambert and G. Davey
Smith. 2006. "The mortality divide in India: the differential contributions of gender,

caste, and standard of living across the life course’. American Journal of Public
Health 96 (5): 818-25. https://doi.org/10.2105/AJPH.2004.060103

Tukey. 1977. Exploratory Data Analysis. Reading MA: Addison-Wesley.

United Nations. 2004. World Population Projections: The 2004 Revision, Volume
Ill: Analytical Report. New York: Department of Economic and Social Affairs,
Population Division.

United Nations. 2013. Mortpak for Windows Version 4.3. New York: Department
of Economic and Social Affairs. Population Division.

United Nations. 2015. Transforming Our World: The 2030 Agenda for Sustainable
Development. New York: United Nations.

United Nations. 2022. On the importance of monitoring inequality in life
expectancy. New York: United Nations, Department of Economic and Social
Affairs. Policy Brief No. 145.

United Nations. 2024. World Population Prospects 2024. Online Edition. New
York: Department of Economic and Social Affairs, Population Division.

Vyas, S., P. Hathi and A. Gupta. 2022. 'Social disadvantage, economic inequality,
and life expectancy in nine Indian states’. Proceedings of National Academy of
Sciences 119 (10): e2109226119. https://doi.org/10.1073/pnas.2109226119

44


https://doi.org/10.1016/j.amepre.2013.10.017
https://doi.org/10.21106/ijma.402
https://doi.org/10.21106/ijma.402
https://doi.org/10.2105/AJPH.2004.060103
https://doi.org/10.1073/pnas.2109226119

INEQUALITY IN THE GAIN IN LIFE EXPECTANCY AT BIRTH IN INDIA, 1976-2020

Woolf, S.H. 2024. 'Understanding disparities in life expectancy’. The Lancet 404
(10469): 2243-44. https://doi.org/10.1016/S0140-6736(24)02136-6

World Health Organization. 2023. World Health Statistics 2023: Monitoring
Health for the SDGs, Sustainable Development Goals. Geneva: World
Health Organization.

Yadav, PK. and S. Yadav. 2024. 'Subnational estimates of life expectancy at
birth in India: evidence from NFHS and SRS data’. BMC Public Health 24: 1058.
https://doi.org/10.1186/s12889-024-18278-3

45


https://doi.org/10.1016/S0140-6736(24)02136-6
https://doi.org/10.1186/s12889-024-18278-3

