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Abstract 

Background Measuring life expectancy and life disparity can assist in comprehending how the COVID-19 pandemic 
has affected the mortality estimates in the Indian population. The present study aims to study the life expectancy 
and life disparity at birth at the national and subnational levels before and during the COVID-19 pandemic using 
the NFHS and SRS data.

Methods The measures Life expectancy at birth ( e0 ) and Life disparity at birth ( e†
0
 ) were computed for the non-

pandemic and pandemic years from NFHS (2015–16), SRS (2015) and NFHS (2019–21), SRS (2020) respectively 
at the national and Subnational level in India. Using NFHS data for the 36 states and SRS data for the 22 states, 
the study calculates e0 and e†

0
 by total, male and female population.

Results The e0 for male and female decline from 64.3 years and 69.2 years in 2015–16 to 62.9 years and 68.9 years 
in 2019–21. The e0 shows a drop of approximately 1.4 years for males and 0.3 years for females in the pandemic year 
2019–21 when compared to the non-pandemic year 2015–16. At the subnational level e0 shows a decline for 22 
states in person, 23 states in males and 21 states in females in the pandemic year 2019–21 as compared to the non-
pandemic years 2015–16. The e†

0
 shows a increase for 21 states in person, 24 states in females and 17 states in males 

in the pandemic year than non-pandemic year. The findings shows a significant losses in e0 and gains in e†
0
 for males 

than females in the pandemic year as compared to the non-pandemic year at the subnational level in India.

Conclusions COVID-19 pandemic has decreased e0 and increased e†
0
 in the pandemic year 2019–21 at the national 

and subnational level in India. COVID-19 had a significant impact on the age pattern of mortality for many states 
and male, female population and delayed the mortality transition in India.
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Text box 1. Contributions to the literature

• This is the first study to calculate the life expectancy and life disparity 
estimates for all 36 states of India and compare the estimates dur-
ing the pandemic year (2019–21) and non-pandemic year (2015–16)

• Out of 36 states analyzed, the COVID-19 pandemic led to losses in 22 
states life expectancy in person with large losses of life expectancy in 23 
states for males and 21 states among females

• Losses in life expectancy were largely attributable to increased mortality 
in adult and older age groups in the pandemic year 2019–21 compared 
to the non-pandemic year 2015–16

• These findings contribute to recognized gaps in the literature 
and observed that COVID-19 has generated a huge mortality toll 
at the national and sub-national level in India, with a disproportionate 
number of deaths occurring among the male population

Background
Life expectancy at birth ( e0) in India has increased 
through the twentieth century and the first decade 
of the twenty-first century [1–3]. Men and women 
born in 1970–75 could expect to live on average 50.5 
and 49  years, respectively. By 2015–19 e0 had risen by 
22.1  years for women ( e0=71.1) and 17.9  years for men 
( e0=68.4), respectively [4]. This unexceptionable increase 
in e0 is derived from a substantial decrease in mortality 
rates from infectious diseases, population-wide public 
health actions (e.g., water sanitation, vaccination cam-
paigns, the introduction of antibiotics), and increasingly 
extensive improvements in the socio-economic well-
being of the Indian population. These factors significantly 
decreased infant, child, young age, and old age mortality 
in India [5, 6].

In India, e0 has increased significantly in recent 
decades, while inequality in life expectancy at birth 
( G0 ) and disparity in life expectancy at birth ( e†0 ) have 
decreased [7–9]. National, state, and yearly changes in 
Indian population mortality characteristics have been 
widely studied for a long time. To better understand the 
mortality conditions in India, several researchers have 
looked at age-specific percent contributions to e0 and 
sex differentials in e0 and G0 [10–19]. The recent Covid-
19 pandemic has affected many countries in different 
ways, and the works of literature have emphasized that 
the impact of the Covid-19 pandemic is unevenly dis-
tributed in population groups and geographical areas 
[20–25]. A recent study by Yadav et al. (2021) has shown 
that India’s e0 dropped by 2.0 years in the pandemic year 
2020 versus the non-pandemic year 2019. The 35–79 
age group explains the drop in e0 [19]. Further, another 
study aiming to track the losses in e0 globally, found that 
Indians lost 2.6  years in their e0 due to the Covid-19 
pandemic in the year 2021 [26].

Increases in life expectancy in most modern cultures 
over the past few decades have prompted discussions 
regarding whether and to what degree people value 
potential increases in their own lifespans. In most mod-
ern societies, the motivation for long life and life exten-
sion is a new and developing problem. Little is known 
about what inspires people of various ages to want to 
live long lives under the various conditions that old age 
may entail [27]. Life expectancy can also throw more 
light on the overall impact of a crisis like COVID-19 
on population health and allow comparisons with prior 
population health circumstances because it is sensitive 
to the ages at which deaths occur and because it is con-
sistent through time [28–30]. Life disparity, which has 
been more frequently documented in population health 
research, is a supplementary indicator of population 
health with implications for public health planning. 
While life expectancy is used as an indicator of average 
mortality, life disparity emphasises on the variation in 
lifespans within a population as an additional measure 
of mortality.

Due to differences in the distribution of age at deaths, 
two populations may have the same life expectancy (i.e., 
average) but varying levels of life disparity. Thus, life 
disparity offers a complementary viewpoint that repre-
sents how increases in population health are distributed 
unevenly throughout a population, which has significant 
ramifications for organizing social and medical services 
[31]. Life expectancy inequality has tended to decline 
throughout the course of the twentieth century, accord-
ing to trends from Indian states. This is because life 
expectancy and the modal age at death have both 
grown [9, 31, 32]. However, the age patterns underly-
ing improvement in each measure vary. Lower mortality 
across all ages leads to longer life expectancy. The num-
ber of lives saved at the youngest ages has a direct corre-
lation with the strength of the relationship between life 
expectancy and life disparity: the more lives saved at the 
youngest ages, the stronger the relationship is. However, 
more lives need to be saved at younger ages than older 
ones, typically below life expectancy, for life disparity to 
decrease when life expectancy is growing. By compress-
ing the distribution of deaths, this raises the similarity 
of death ages. Life expectancy and life disparity at birth 
assess the cumulative impact of the pandemic on popu-
lation health. Since both measurements are based on a 
single year, they might not accurately reflect the life cycle 
of a cohort. However, life expectancy is a helpful indica-
tor of typical lifespans, and life disparity sheds light on 
the ambiguity surrounding the age at death [33]. We 
demonstrate how the pattern of mortality improvements 
across time and age may be used to illustrate patterns of 
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change in life expectancy and life disparity. This paper 
provides a thorough evaluation of the mortality effects 
of the COVID-19 in the pandemic years (2019–21) and 
compares with non-pandemic years (2015–16) by taking 
into account two measures: life expectancy, and life dis-
parity at national and subnational level in India.

In India, the Sample registration system (SRS) is the 
only source that provides the age-specific death rates and 
life table estimates annually for India and its 22 bigger 
states with a population of 10 million and above [4]. India 
consists of 28 states and 8 union territories; in sum, there 
are 36 states. To date, not a single study has provided 
estimates of e0 for all 36 states in India. The present study 
which uses two rounds of NFHS data for 2015–16, 2019–
21 and two rounds of SRS data for 2015 and 2020 respec-
tively, will fill this research gap and provide e0 estimates 
for all 36 states in India and compare the e0 estimates 
from both the data sources NFHS and SRS. Further, this 
study will estimate and compare the e†0  for India and all 
36 states for 2015–16 and 2019–21 from NFHS and 22 
states for 2015 and 2020 from SRS, respectively. This 
study has also examined the changes in e0 and  e†0  esti-
mates in India and 36 states from 2015–16 to 2019–21, 
respectively. The age-specific mortality rates are obtained 
at India and state levels, and e0 and e†0 are estimated for 
the total, male and female population. In particular, this 
study will provide the evidence of mortality differentials 
between men and women at national and sub-national 
(state) levels for 2015–16 and 2019–21 from NFHS and 
2015 and 2020 from SRS in India.

Theoretical background: life expectancy at birth (e0) 
and life disparity at birth (e†

0
)  

e0 is an important summary indicator of a population’s 
health, mortality, and well-being. e0 outlines the mortal-
ity trends in all age categories, including children, ado-
lescents, adults, and the elderly. e0 reflects the nation’s 
socioeconomic conditions and the quality of health-
care infrastructure [34–36]. ex is an indicator of average 
mortality; it hides considerable variations in lifespans, 
which can be obtained by an index of lifespan variation 
or inequality, e.g., lifespan inequality by Gini coefficient, 
life disparity, standard deviation, interquartile range, and 
Years of life lost.
e
†
0 is a well-known mortality measure, and it measures 

the uncertainty in the timing of deaths at the individual 
level and divergence in the underlying population health 
at the macro level [31, 37]. The disparity in lifespan is 
an essential demographic measure because uncertainty 
about how long a person will live can have significant 
implications for the decisions over the life course, such 
as the age of retirement, savings, and investments in edu-
cation [38]. Therefore, the first statistical moment of the 

distribution of lifespans, known as ex , and the second 
statistical moment must be  e†0  are used to measure the 
actual cost of Covid-19 disease on the longevity of men 
and women in India and states. Monitoring Inequality in 
life expectancy or life disparity can reveal crucial infor-
mation about disparities in mortality and health. Life 
expectancy disparity have been linked with large part of 
socioeconomic status. In order to reduce life expectancy 
inequality and ensure that rising life expectancy benefits 
all people, regardless of their age or other socioeconomic 
characteristics, countries should raise the life expectancy 
for all socioeconomic groups to match the rate of the 
highest socioeconomic group.

While ex and e†0 had a strong negative correlation his-
torically [33, 39, 40], some recent researchers have 
found a positive association between these two indica-
tors in some countries and subpopulation groups show-
ing higher mortality in younger ages [41–43]. Therefore, 
defining the health status of a population based on ex 
alone can lead to ignoring significant disparities in health 
equity in general. For example, two populations with the 
same life expectancy can have very different levels and 
trajectories of life disparity.

Mortality reduction at any age increases ex and vice 
versa, while it impacts the variation in lifespan differently. 
When ex  increases, then to decrease e†x , more lives need 
to be saved at younger than older ages. What is "younger" 
or "older" depends on a clearly defined threshold age that 
distinguishes between early and late death, typically at 
or near the level of ex.While a reduction in mortality in 
old age will increase variance, a drop in mortality below 
the threshold age will compress mortality and hence 
decrease variation [44].

There are very few studies investigating into variability 
in mortality schedules at the subnational level in India. 
However, this study addresses the knowledge gap by esti-
mating life expectancy and life disparity before covid-19 
pandemic from NFHS (2015–16), SRS (2015) and dur-
ing the pandemic from NFHS (2019–21) and SRS (2020). 
This paper examines a change in life table estimates of e0 
and e†0 in the non-pandemic year 2015–16 and pandemic 
year 2019–21. The main objective of the study is to exam-
ine how the COVID-19 disease affects the life expectancy 
at birth and life disparity at birth at the national and sub-
national level in India.

Methodology
Data
In this study, we examined the changes in mortality pat-
terns in India and its 36 states by sex, residence, and time 
using two recent National Family Health Survey data: 
NFHS (2015–16) and NFHS (2019–21). We have also 
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used SRS data for 2015 and 2020 for India and 22 states 
to compare the estimates of e0 and (e†0) from NFHS. This 
study used the data on 601,599 and 636,699 households 
available in NFHS (2015–16) and NFHS (2019–21), 
respectively [45, 46].

NFHS collects information about the deaths of any 
usual member of the households who died in the past 
three years prior to the date of the interview, i.e., Janu-
ary 2013 until December 2016 for the NFHS (2015–16) 
[45] and January 2016 to April 2021 for NFHS (2019–21) 
[46]. The NFHS provides the population by age, sex, 
and residence, as well as 74,945 and 81,340 deaths dur-
ing 2015–16 and 2019–21, respectively. NFHS sample 
weights are used to compute deaths and populations by 
age groups. Mortality rates are assumed to remain con-
stant during the survey, given that age-specific mortality 
rates for 2015–16 and 2019–21 are divided by three to 
calculate the annual age-specific mortality rates. There-
fore, mortality rates are obtained for the population char-
acteristics such as total, men, and women population in 
India. NFHS-5 fieldwork for India was conducted in two 
phases:  Phase-I from 17 June 2019 to 30 January 2020, 
covering 17 states and 5 UTs, and Phase-II from 2 January 
2020 to 30 April 2021, covering 11 states and 3 UTs — by 
17 Field Agencies and gathered information from 636,699 
households, 724,115 women, and 101,839 men. We ana-
lyzed all 36 states covered in the two phases and did not 
separate the results phase-wise from NFHS-5. The death 
registration of NFHS-5 has observed Seventy-one per-
cent of deaths of usual household members were regis-
tered with the civil authorities, constituting 83% of urban 
households and 66% of rural households. The age-specific 
registered deaths observed 51% of deaths at age 0-4, 76% 
at age 25-34, and 75% at age 35 and above. NFHS-5 has 
collected 81,340 deaths in total in the two phases; Phase-
I has collected 36,410 deaths from the 17 states and 5 
UTs, and Phase-II has collected 44,930 deaths from the 
11  states and 3 UTs. Phase-I has covered 28,708 deaths 
that occurred in the year 2016-18 and 7,656 deaths that 
occurred in the years  2019-21. Phase II has covered 
21,750 deaths that occurred in the years 2016-18 and 
23,152 deaths occurred in the years 2019-21. NFHS is the 
only data source that can be used to calculate the age-
specific mortality rates for all 36 states. NFHS has limi-
tations,  as we can only estimate the single years ASDR 
based on the deaths of any usual household member in 
the last three years  preceding the survey. Therefore, we 
can only compare the mortality estimates during the pan-
demic years (2019-21) and non-pandemic  years (2015-
16) based on the Single years ASDR. NFHS-5 (2019-21) 
has collected the deaths till April 2021, whereas The First 
case of the COVID-19 pandemic was reported on 30 

January 2020 in India. Thus, NFHS-5 had also collected 
the Covid  deaths occured in the pandemic years 2020-
21 [46].  The SRS uses a dual record approach to gather 
information on vital statistics from representative sam-
pling villages and urban blocks in India. The baseline 
survey captures information about the usual sample pop-
ulation resident. An enumerator regularly records every 
birth and death that occurs in the sample region. After 
six months, an independent supervisor updates the vital 
events of households. To find cases that are not matched, 
the data from the two sources is compared. To increase 
the accuracy of data, the unmatched cases are validated 
in field.

Methods
Annual mortality rates calculation and life table construction
This study calculated the age-specific mortality rates by 
sex in India, and its 36 states for 2015–16 and 2019–21, 
respectively. We used SRS Age-specific death rates for 
2015 and 2020 to construct life tables for India and 22 
states. There were 466 missing deaths in 2015–16 and 682 
missing deaths in 2019–21; these missing deaths were 
adjusted for each age group using pro-rata correction 
techniques for age at deaths. The sample size of deaths 
becomes smaller as the number of splits increases; there-
fore, modelling the age pattern of mortality is necessary 
to correct erratic points. The Gompertz-Makeham model 
was used to simulate the age pattern of mortality for each 
population subgroup starting at age 35  years and older 
[47]. Based on it, the present study constructed abridged 
life tables for India and states using Chiang’s (1972) 
method [48].

Chiang method is based on the derivation of relation 
for the total number of person-years lived between exact 
ages x and x + n ( nLx) in terms of the average number of 
years lived by an individual of age x who dies in the inter-
val (x, x + n) (nax ). The following formulae are used to 
generate the columns of the life table:

nqx : the probability of dying between age x and x + n

lx : number of people alive at the exact age x among a 
hypothetical birth cohort of 100,000, usually called the 
radix of the life table.

nLx : total number of person-years lived between exact 
ages x and x + n

nqx =
n ∗ (nMx)

1+ (n − nax) ∗ nMx

lx+n = lx ∗ 1− nqx
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ndx : number of deaths in the age interval x to x + n

Tx : total number of person-years lived beyond Age x

ex : average number of years of life remaining for a person 
alive at the beginning of age interval x.

Calculation of disparity in lifespan or inequality in age 
at death
For an abridged life table, The life disparity ( e†0 ), a meas-
ure of the average number of life-years lost at birth, is 
estimated by

nLx = n ∗ (lx − ndx + nax ∗ ndx)

ndx = lx ∗ nqx

Tx = Tx+n + nLx

ex =
Tx

lx

Where, ex+1 is the remaining life expectancy at age x + 1, 
ax is the average person-years lived in an age interval by 
those who died in that age interval, and dx is life table 
deaths at age x.

Results
Variability in age pattern of mortality in India NFHS 
(2015–16, 2019–21) and SRS (2015, 2020)
A higher age pattern of mortality was observed in the 
pandemic year 2019–21 as compared to the non-pan-
demic years 2015–16. In the adult and older age groups, 
a higher age pattern of mortality was observed in the pan-
demic years versus the non-pandemic years. Both datasets 
reflected a higher mortality for men than women (Fig. 1).

Between the ages of 0 and 14 years, the mortality pattern 
in NFHS4 was higher than that in SRS 2015, however the 
patterns overlapped in both datasets for the 15–44  years 

e
†
0 =

1

lx

∑

ω

x
[dx(ex+1 + 1− ax)] +

dω

lω

(eω

2

)

,

Fig. 1 The age pattern of mortality in India for Person, male, and female from NFHS (2015–16) and NFHS (2019–21)
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age range. The 45–79 age groups exhibited a crossover 
pattern, while for the 80 + years age group, SRS 2015 dem-
onstrated a higher age pattern of death than NFHS4. Male 
mortality was higher than female mortality in both data-
sets (Fig. 2).

While the mortality patterns at ages 10 to 29 years coin-
cided in both datasets, the mortality patterns at ages zero 
to 14 were higher in NFHS5 than in SRS 2020. Crossover 
patterns predominated in the age ranges of 25 to 79 years, 
and for the 80–84 and 85 + years, SRS 2020 revealed a 
larger mortality pattern by age than NFHS5. Male mortal-
ity is higher than female mortality in both datasets (Fig. 3).

Estimates of life expectancy and life disparity at birth 
in India, NFHS (2015–16, 2019–21) and SRS (2015, 2020)
In comparison to NFHS4, SRS 2015 showed higher life 
expectancy estimates among the ages 0–1, 1–4, and 
5–9  years. Between the ages of 10 and 85 + , NFHS 4 
demonstrated a longer life expectancy than SRS 2015. 

In each sets of data, women had longer life expectancies 
than males for each age group (Table 1).

The SRS 2020 observed a longer life expectancy than 
the NFHS5 in the age ranges of 0 to 1 year, 1 to 4 years, 
and 5 to 9  years. Both datasets showed an overlap-
ping pattern of life expectancy in the age range of 10 to 
29 years. In the age range of 35 to 85 + , NFHS 5 showed 
a longer life expectancy than SRS 2020. In all age groups, 
both datasets demonstrate that women have a longer life 
expectancy than men (Table 2).

NFHS4 estimates of life disparity were higher than 
SRS 2015 across all age groups. In comparison to SRS 
2015, life disparity at birth e†0  is 4.9 years longer for per-
sons, 5.1 years longer for males, and 4.5 years longer for 
women in NFHS4. For all age categories, both datasets 
demonstrate that men have a higher life disparity than 
women (Table 3).

At all ages, NFHS5 estimates of life disparity were higher 
than those in SRS 2020. In NFHS5 compared to SRS 2020, 
life disparity at birth ( e†0  ) is 5  years higher for persons, 

Fig. 2 The age pattern of mortality in India for Person, male, and female from NFHS (2015–16) and SRS (2015)
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5.5 years higher for men, and 4.6 years higher for women. 
At all ages, both datasets demonstrate greater life disparity 
for males than for women (Supplementary Table S1).

Comparison of e0 and e†
0
 estimates for the person, male 

and female in India and the states from NFHS (2015–16, 
2019–21) and SRS (2015, 2020)
Subnational variation in life expectancy at birth (e0) 
from NFHS (2015–16) and SRS (2015)
The highest and lowest e0 estimates were observed 
for women in Mizoram 81  years and men in Telan-
gana 58.4  years respectively in NFHS 4. SRS 2015 esti-
mates found the highest and lowest e0 of 77.6 years and 
62.8 years for Jammu Kashmir women and Chhattisgarh 
men respectively. North region estimates observed the 
highest and lowest e0 of 79.5 years and 64.1 years among 
Chandigarh women and Uttarakhand men in NFHS 4 
and 77.6 years and 64.9 years in Jammu Kashmir women 
and Rajasthan men in SRS 2015 respectively. The e0 esti-
mates for the central region are highest for women from 
Madhya Pradesh at 68.8 years in NFHS 4 and 66.3 years 

in SRS 2015, while the lowest e0 was for men from Uttar 
Pradesh at 63.3 years in NFHS 4 and for men from Chat-
tisgarh at 62.8  years in SRS 2015. In the estimates for 
the eastern region, the highest e0 was observed among 
women from West Bengal at 69.2  years in NFHS4 and 
71.5 years in SRS 2015, respectively, and the lowest e0 was 
observed among men from Bihar at 62  years in NFHS4 
and men from Odisha at 65.8  years in SRS 2015. The 
estimates for the North Eastern region showed the high-
est and lowest e0 for women in Mizoram (81 years) and 
men in Assam (61 years) in NFHS 4, and 66.4 years for 
women in Assam and 64.5 years for men in Assam in SRS 
2015. The e0 estimates for the western region were high-
est and lowest for women in Goa (74 years) and for men 
in Daman Diu (61.7  years) in NFHS 4, and women in 
Maharashtra (72.7 years) and men in Gujarat (66.6 years) 
in SRS 2015. In the southern region estimates, the high-
est e0 was observed among women in Kerala at 77.8 years 
in NFHS4 and 77.2  years in SRS 2015, while the lowest 
e0 was observed among men in Telangana (58.4 years) in 
NFHS4 and men in Karnataka (66.8  years) in SRS 2015 
(Supplementary Table S2).

Fig. 3 The age pattern of mortality in India for Person, male, and female from NFHS (2019–21) and SRS (2020)
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Table 1 Life expectancy (ex) estimates for the person, male and Female in India NFHS (2015–16), SRS (2015)

Age-group NFHS (2015–16) SRS (2015)

Person Male Female Person Male Female

Below 1 66.6 64.3 69.2 68.0 66.8 69.3

1–4 68.4 66.2 70.9 69.8 68.5 71.2

5–9 65.9 63.7 68.2 66.2 64.8 67.6

10–14 62.4 60.3 64.7 61.4 60.0 62.8

15–19 57.6 55.5 60.0 56.6 55.2 58.1

20–24 53.0 50.9 55.4 51.8 50.5 53.3

25–29 48.5 46.4 50.9 47.2 45.8 48.6

30–34 44.0 42.0 46.3 42.5 41.2 43.9

35–39 39.5 37.6 41.7 37.9 36.6 39.2

40–44 35.1 33.3 37.1 33.3 32.2 34.6

45–49 30.8 29.2 32.5 28.9 27.8 30.0

50–54 26.6 25.3 28.2 24.6 23.7 25.6

55–59 22.6 21.5 23.8 20.7 19.8 21.7

60–64 18.8 17.9 19.7 17.1 16.4 17.9

65–69 15.3 14.7 16.1 13.8 13.2 14.5

70–74 12.1 11.6 12.7 10.8 10.2 11.4

75–79 10.0 9.6 10.4 8.1 7.6 8.6

80–84 8.1 7.7 8.4 5.8 5.3 6.3

85 + 7.3 7.1 7.4 4.8 4.2 5.4

Table 2 Life expectancy (ex) estimates for the person, male and Female in India NFHS (2019–21), SRS (2020)

Age-group NFHS (2019–21) SRS (2020)

Person Male Female Person Male Female

Below 1 65.8 62.9 68.9 69.3 67.6 71.2

1–4 67.8 65.1 70.7 70.5 68.8 72.5

5–9 65.1 62.6 67.9 66.8 65.0 68.8

10–14 61.6 59.1 64.4 61.9 60.1 63.9

15–19 56.9 54.3 59.6 57.0 55.2 59.0

20–24 52.3 49.7 55.1 52.3 50.5 54.3

25–29 47.8 45.4 50.5 47.6 45.8 49.5

30–34 43.3 41.0 45.9 42.9 41.1 44.8

35–39 38.9 36.7 41.3 38.2 36.5 40.1

40–44 34.5 32.6 36.7 33.7 32.0 35.5

45–49 30.3 28.5 32.2 29.2 27.7 30.9

50–54 26.1 24.6 27.8 24.9 23.6 26.5

55–59 22.3 21.0 23.6 20.9 19.7 22.2

60–64 18.6 17.6 19.7 17.3 16.2 18.5

65–69 15.1 14.4 16.0 13.9 12.9 14.9

70–74 12.1 11.5 12.8 10.9 10.1 11.8

75–79 9.9 9.4 10.3 8.6 7.9 9.3

80–84 8.0 7.7 8.3 6.7 6.1 7.2

85 + 7.1 6.9 7.3 5.5 5.0 6.1
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Subnational variation in life expectancy at birth (e0) 
from NFHS (2019–21) and SRS (2020)
Supplementary Table S3 shows the estimates of e0 from 
NFHS (2019–21) and SRS (2020) at national and subna-
tional level in India. The highest and lowest estimates 
of e0 across 36 states were observed for Andaman and 
Nicobar Islands women (84.3  years) and Puducherry 
men (59  years) in NFHS 5 respectively, while SRS 2020 
estimations revealed the highest e0 in Jammu Kash-
mir women (80.3  years) and the lowest e0 in Chhattis-
garh men (62  years) across the 22 states. e0  estimates 
in the north region observed the highest for Rajasthan 
women 75.4  years in NFHS 5 and Jammu and Kash-
mir women 80.3  years in SRS 2020, however the low-
est e0 was observed for Haryana men of 61.9  years in 
NFHS 5 and 65.3 years in SRS 2020 respectively. Central 
region e0 estimates were observed highest 69.5  years in 
NFHS 5 and 69.1 years in SRS 2020 for Madhya Pradesh 
women and the lowest e0 was observed for Uttar Pradesh 
men (60.6  years) in NFHS 5 and Chhattisgarh women 
(62 years) in SRS 2020. From NFHS5 the eastern region 
e0 estimates were maximum for women (67.1 years) and 
lowest for males (61.4  years) in Odisha. However, from 
SRS 2020 the eastern region e0 estimates were highest 
and lowest for women from West Bengal (73.4 years) and 
Jharkhand (68.1  years) respectively. In NFHS 5 Naga-
land women (79.9  years) and Sikkim men (62.7  years) 

had the highest and lowest values of the northeast region 
e0  respectively, however SRS 2020 estimates reveal that 
Assam women (67.9 years) and men (66.6 years) have the 
highest and lowest e0 respectively. Western region e0 esti-
mates observed the highest and lowest for Goa women 
(79.1  years) and Gujarat men (64.3  years) in NFHS 5 
respectively, while SRS 2020 estimates show the highest 
e0 in Maharashtra women (74.2 years) and the lowest e0 
in Gujarat men (67.7 years) respectively. In the southern 
region estimates highest e0 was observed in Andaman 
and Nicobar Islands women 84.3 years and the lowest e0 
of 59 years in Puducherry men in NFHS5, however SRS 
2020 estimates show the highest e0 of 77.1 years in Kerala 
women and the lowest e0 of Karnataka men of 66.6 years 
respectively.

Subnational variation in life disparity at birth (e†
0
) from NFHS 

(2015–16) and SRS (2015)
Supplementary Table S4 shows the life disparity at birth 
( e†0 ) at the subnational level in India across 36 states 
from NFHS (2015–16) and 22 states from SRS (2015). 
Women from Mizoram and Lakshadweep observed the 
highest and lowest e†0 of 35.4 years and 14.5 years respec-
tively in NFHS4, SRS 2015 estimates observed the high-
est and lowest e†0  in Jammu Kashmir men (18.8  years) 
and Delhi women (12.1  years) respectively across states 
and in the north. North region estimates show the 

Table 3 Life disparity (e†x ) Estimates for the person, male and Female in India NFHS (2015–16), SRS (2015)

Age-group NFHS (2015–16) SRS (2015)

Person Male Female Person Male Female

Below 1 20.69 21.07 20.13 15.75 15.93 15.55

1–4 18.44 18.78 17.95 13.40 13.44 13.32

5–9 17.37 17.68 16.91 13.08 13.07 13.04

10–14 16.22 16.53 15.76 12.91 12.91 12.86

15–19 16.04 16.37 15.57 12.74 12.75 12.71

20–24 15.75 16.08 15.26 12.56 12.55 12.52

25–29 15.40 15.74 14.91 12.33 12.34 12.29

30–34 15.05 15.34 14.61 12.10 12.13 12.04

35–39 14.73 14.97 14.34 11.85 11.93 11.74

40–44 14.37 14.54 14.07 11.53 11.68 11.36

45–49 13.97 14.05 13.79 11.21 11.40 11.01

50–54 13.50 13.49 13.44 10.81 11.09 10.52

55–59 13.03 12.88 13.10 10.20 10.48 9.92

60–64 12.52 12.30 12.68 9.53 9.90 9.16

65–69 11.96 11.70 12.17 8.79 9.20 8.39

70–74 11.48 11.21 11.71 8.08 8.53 7.64

75–79 10.93 10.67 11.16 7.49 7.97 7.01

80–84 10.65 10.44 10.83 7.12 7.63 6.62

85 + 10.48 10.27 10.66 6.92 7.38 6.46
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highest e†0  in Himachal Pradesh men (23.4  years) and 
the lowest e†0  in Delhi men (15.5 years) in NFHS4. Cen-
tral region Estimates of e†0  was observed highest and 
lowest for Uttar Pradesh men (21  years) and Chhat-
tisgarh women (19.5  years) in NFHS 4, however SRS 
2015 estimates observed the highest and lowest e†0  in 
Uttar Pradesh men (17.5 years) and Chattisgarh women 
(14.2 years). Life disparity at birth e†0 was highest among 
Odisha men (22.2  years) and lowest among West Ben-
gal women (18 years) in NFHS4, however the SRS 2015 
results found highest and lowest e†0  in Odisha men 
(17  years) and Jharkhand men (13.9  years) in the east-
ern region. Northeast region e†0  estimates observed the 
highest and lowest for women in Mizoram (35.4  years) 
and Tripura (18.8 years) respectively in NFHS 4 and SRS 
2015 estimates shows the highest and lowest e†0  for men 
(17.1 years) and women (16 years) in Assam respectively. 
e
†
0  Estimates in the western region observed the high-

est and lowest for Goa men (21.4 years) and Dadra and 
Nagar haveli men (15.7 years) in NFHS 4, however SRS 
2015 shows the highest and lowest  e†0  for Gujarat men 
(16.7  years) and Maharashtra men (14.5  years) respec-
tively. South region estimates of e†0  showed the highest 
and lowest in Tamil Nadu men (25.2 years) and Lakshad-
weep women (14.5 years) in NFHS4, however SRS 2015 
estimates observed the highest and lowest e†0  in women 
from Andhra Pradesh (16.5 years) and Kerala (12.8 years) 
respectively.

Subnational variation in life disparity at birth (e†
0
) from NFHS 

(2019–21) and SRS (2020)
Supplementary Table S5 shows the subnational level 
e
†
0  estimates for the pandemic years from NFHS (2019–

21) and SRS 2020. e†0 Estimates have variability in both 
data sets, NFHS5 has a higher e†0  than SRS 2020 at the 
national and sub-national level. The disparity differen-
tials in both data sets were due to variations in age pat-
terns of mortality. Men have higher disparity estimates 
than women in both datasets with some exceptions for 
few states. NFHS 5 estimates found the Andaman and 
Nicobar Island women have maximum e†0  of 52.7  years 
and Goa women have minimum e†0  of 12.8  years across 
36 states and SRS 2020 shows the maximum and mini-
mum e†0  in Jammu Kashmir men were 23.3  years and 
Delhi women 12.3 years respectively in the north region 
and across 22 states. Northern states e†0  observed the 
highest and lowest estimates in Himachal Pradesh men 
(23.1 years) and Chandigarh women (17.6 years) in NFHS 
5. Central region e†0  estimates observed the highest and 
lowest in Chhattisgarh men 22.6  years and Madhya 
Pradesh women 18.9 years however, SRS 2020 estimates 
observed the highest and lowest e†0  in Uttar Pradesh 
men (17.5  years) and Chhattisgarh women (14.2  years) 

respectively. The eastern region showed the highest 
and lowest e†0 of 21.3  years 18.1  years among Odisha 
men and Jharkhand women in NFHS5 whereas women 
from Odisha and Bihar shows the highest and lowest 
e
†
0 of 17.3 years and 13.3 years respectively in SRS 2020. 

Northeast region estimates observed that Assam women 
show the lowest e†0 of 18 years in NFHS5 and 16.8 years 
in SRS 2020 whereas Nagaland women have the highest 
e
†
0 of 35.5 years in NFHS5 and Assam men have 18.2 years 

in SRS 2020 respectively. Western region e†0  shows the 
highest and lowest estimates for dadra nagar haveli/
Daman Diu men 39.5  years and Goa women 12.8  years 
in NFHS5, however e†0 stimates from SRS 2020 show the 
highest and lowest e†0  in Gujarat men (15.8  years) and 
Maharashtra men (14.5  years) respectively. The high-
est and lowest estimated e†0  are 52.7  years for women 
in Andaman Nicobar Islands and 17.9  years in Andhra 
Pradesh in NFHS5, However SRS 2020 estimates showed 
17.3  years in Andhra Pradesh women and 12.9  years in 
Kerala men respectively.

Differentials in e0 and e†
0
 estimates in India and states 

between NFHS (2015–16 to 2019–21) and SRS (2015–2020)
Subnational differentials in life expectancy at birth (e0) 
from NFHS (2015–16, 2019–21) and SRS (2015, 2020)
Supplementary Table S6 shows the differentials in e0 at 
national and subnational level for 36 states from NFHS 
and 22 states from SRS. The positive and negative dif-
ferentials depicts the decrease and increase in e0 for the 
respective states. The results depicts the positive change 
in e0 across most of the states in the NFHS data and some 
of the states in the SRS data. NFHS observed a decline 
of 1.4 years among men and 0.3 years among women at 
the national level. North region estimates observed the 
maximum decline in e0 for Chandigarh women (10 years) 
in NFHS and Punjab men (2.9  years) in SRS. Central 
region e0 observed the maximum decline in Chhat-
tisgarh men of 3.8  years in NFHS and 0.8  years in SRS 
and an increase in Madhya Pradesh women of 0.7 years 
in NFHS and 2.8 years in SRS. East region e0 shows the 
maximum decline and increase in e0 for person in West 
Bengal (4.4 years) and Bihar (1.4 years) in NFHS and SRS 
estimates observed the maximum decline and increase 
among men in e0 for West Bengal (0.2 years) and Odisha 
(2.7 years). Men in Sikkim exhibit the greatest fall in e0 of 
6.7  years, and women in Arunachal Pradesh exhibit the 
greatest gain in e0 of 3.6 years in the northeast region of 
NFHS. Men and women from the northeastern region of 
Assam have a rise and fall in e0 of 2.1 years and 1.5 years, 
respectively, in SRS. Western region e0 observed the most 
fall in e0 of 5.7 years in Dadara and Nagar Haveli men and 
a maximum increase in Daman and Diu men of 6 years 
in NFHS, while SRS results observed the maximum 
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decline in e0 for Maharashtra men 0.4  years and maxi-
mum increase in e0 of 2.2 years in Gujarat women. South-
ern region estimates of e0 shows a maximum increase for 
Andaman and Nicobar Islands women (12.7  years) and 
a maximum decline for Puducherry women of 3.3 years 
in NFHS whereas SRS 2020 estimates found Kerala men 
(1.7  years) and Tamil Nadu women (3.5  years) have the 
maximum decrease and increase in e0 respectively.

Subnational Differentials in life disparity at birth (e†
0
) from 

NFHS (2015–16, 2019–21) and SRS (2015, 2020)
Supplementary Table S7 shows the national and sub-
national changes in e†0 from NFHS (2015–16, 2019–21) 
and SRS (2015, 2020) for 36 states and 22 states respec-
tively. The positive and negative differentials show a 
decrease and increase in e†0  respectively. National level 
results observed an increase in e†0  for men by 0.3  years 
and a decrease in e†0  for women by 0.1  years in NFHS, 
whereas SRS showed an increase in e†0 of 0.05 years and 
a decrease in e†0 of 0.10 years among men. North region 
estimates observed the highest increase and decrease in 
e
†
0  for Punjab men (3.7  years) and Chandigarh women 

(4.5 years) in NFHS whereas the SRS observed for Delhi 
men (5.1 years) and Himachal Pradesh women (2.3 years) 
respectively. In the central region, e†0 has increased by 
2.8  years among Chhattisgarh men and declined by 
1.8 years among Madhya Pradesh women in NFHS, how-
ever SRS shows e†0 has declined maximum among Mad-
hya Pradesh men (0.5 years) and Chhattisgarh men show 
the maximum increase in  e†0 of 0.6 years. Eastern region 
estimates observed the maximum decline and increase in 
e
†
0  for West Bengal men (1  year) and Jharkhand women 

(1.6  years) in NFHS; however, SRS estimates observed 
the maximum decline and increase for Bihar women 
(1.9  years) and Jharkhand men (1.2  years). Northeast 
region e†0  observed the maximum increase for Sikkim 
women (8.7  years) and maximum decrease for Mizo-
ram women (7.8 years) in NFHS, while SRS showed the 
maximum decline and increase for women (0.4  years) 
and men (2.1  years) in Assam. SRS estimates observed 
the maximum decline in e†0  of 0.9  years in Gujarat men 
in the western region and in the southern region, maxi-
mum decline and increase in e†0  are observed in Telan-
gana men (1.1 years) and Tamil Nadu women (2.9 years) 
respectively.

Discussion
This study examines the subnational variation in e0 
and e†0  in India and all 36 states for persons, males, and 
females for NFHS (2015–16, 2019–21) and SRS (2015, 
2020). The findings clearly show that e0 and e†0 vary across 
the India and between states. Moreover, the findings also 
demonstrates that e0 and e†0  are very strongly correlated, 

and the phenomenon of high e0 and low e†0 holds true for 
India and its all 36 states. This study discovered in com-
mon with the previous findings that the Covid-19 disease 
has disproportionally affected ex among men and women 
at the national and subnational level with significant 
regional differences between states in India. This dem-
onstrates that by looking at inequality in life expectancy, 
more can be learned than life expectancy about the mor-
tality situations in the Indian population.e0 has declined 
among men by 1.4  years and 0.3  years among women; 
similarly, it has declined for the 22 states in total, 23 
states in men, and 22 states in women between 2015–16 
and 2019–21 in the Indian population as per the NFHS 
results. According to SRS estimates, e0 has declined for 
7 states in total, 9 states in men and 5 states in women 
in India. Our findings show from NFHS estimates that 
e
†
0 has increased for 21 states in person, 24 states in men, 

and 17 states in women between 2015–16 and 2019–21 
among the 36 Indian states. Similarly, SRS estimates 
show e†0 has increased for 11 states in Total, 9 states in 
men, and 10 states in women among the 22 Indian states 
during 2015–2020. A similar research study found that 
e0 halted in the US black population and life span dispar-
ity increased in six states between 1980 and 1990 due to 
increased mortality from HIV [31]. Our findings show 
that men are more affected by the recent Covid-19 pan-
demic and lost 1.4 years in e0 between 2015–16 to 2019–
21 at the national level and e0 has decreased for 23 states 
and e†0  has increased for 24 states. The study by Yadav 
et al. 2021 shows that the Covid-19 pandemic has larger 
dispersion in age at death and depicts higher heteroge-
neity in the mortality pattern of Covid-19 disease, more 
strongly among men than women [19, 49, 50]. We found 
that at the national level e0 shows a drop of 0.8 years ≈ 
1  year between 2015–16 and 2019–21. Similar research 
findings show that e0 has dropped by 2 years in the pan-
demic year 2020 [19] and 2.6 years in the pandemic year 
2021 due to increased mortality from Covid-19 disease 
[26]. Our study found that e0 has declined for 22 states 
out of a total of 36 Indian states. Similar findings were 
obtained in a population-level study of 29 countries 
examining the impacts of the Covid-19 pandemic on 
e0 shows e0 has declined from 2019 to 2020 in 27 out of 
29 countries. Reductions in e0 were mostly attributable 
to increased mortality above age 60 years and to official 
COVID-19 deaths [25].

According to a study in Brazil, e0 shows a decline of 
1.3  years in 2020, reaching a level not seen since 2004. 
The e0 among males fall was greater, extending the male–
female gap in e0 by 9.1% [23]. In 2020, 31 countries lost 
more than 28 million additional years of life, with men 
having a higher rate than women. Compared to the sea-
sonal influenza pandemic in 2015, the excess years of life 
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lost due to the COVID-19 pandemic in 2020 was more 
than five times greater [51]. In 2020, the Covid-19 pan-
demic reduced US e0 by 1.31 years. These reductions in e0 
are 3.2 times higher for the Latino population ( e0 = 3.03) 
and two times larger for the black population ( e0 = 1.90) 
as compared to the white population ( e0 = 0.94) [52]. 
Therefore, the recent Covid-19 pandemic caused signifi-
cant mortality increases in the pandemic year 2019–21 
compared to the base year 2015–16. Women from 22 
states and men from 23 states had a lower e0 in 2019–21 
than in 2015–16. Results from NFHS data had observed 
the higher life disparity  compared to SRS based results. 
NFHS has a higher mortality in the ages 0-14 years and 
lower mortality beyond the age-group 75-79 years com-
pared to the SRS. At certain age groups NFHS has lower 
life expectancy compared to SRS and lower life expec-
tancy results in higher life disparity as both the measures 
are negatively correlated [53]. This would be the possible 
reason for higher life disparity in NFHS compared to SRS 
data. This finding is similar to the earlier studies which 
have found that, even in societies with comparable levels 
of life expectancy, different levels of life disparity can be 
observed [39, 54, 55]. Based on life tables for 212 nations, 
a 2009 study by Smits & Monden found that countries 
that hit a certain level of life expectancy earlier in time 
were more  likely to experience higher levels of inequal-
ity [39]. However, the findings of a study by Seaman et al. 
(2016) are contradictory: Scotland, which had caught up 
to England and Wales in terms of life expectancy, had 
bigger variations in lifespan due to its lower  mortality 
among older adult populations but greater premature 
mortality among adults [54].

The First case of COVID-19 pandemic was reported 
on 30 January 2020 in India [56] and since then country 
has seen 3 waves of infection and 5.3 lakhs deaths across 
India [57]. However, in early April 2021, a second major 
wave of infection began with devastating consequences 
[58]; on 9 April, India passed the 1 million active cases 
mark, and on 12 April, India overtook Brazil as the coun-
try with the second most COVID -19 cases worldwide 
[59]. By the end of April, India passed the 2.5 million 
active cases mark, reporting an average of 300,000 new 
cases and 2,000 deaths per day. Some analysts feared that 
this was under-reporting. On 30 April, India reported 
over 400,000 new cases and over 3,500 deaths in one day 
[60]. The present study investigated the variation in life 
expectancy and life disparity at national and subnational 
level in India. This study calculated e0 and e†0 before the 
pandemic from NFHS (2015–16), SRS (2015) and dur-
ing the COVID-19 pandemic from NFHS (2019–21), SRS 
(2020). The NFHS-5 (2019–21) fieldwork for India was 
conducted in two phases, phase one from 17 June 2019 
to 30 January 2020 and phase two from 2 January 2020 to 

30 April 2021 by field agencies and collected information 
on deaths of a common household member from January 
2016 to April 2021 and collected the deaths occurred in 
the pandemic year 2020–21 for India and 36 states. Simi-
larly, SRS (2020) provides the age specific death rates for 
India and 22 states in the pandemic year 2020. Therefore, 
two recent surveys NFHS (2019–21) and SRS (2020) have 
collected the information on deaths due to COVID-19 
pandemic. Major strengths of the study is that it calcu-
lated e0 and e†0 for all the 36 Indian States in the pandemic 
year 2019–21 and non-pandemic year 2015–16. In gen-
eral, the life expectancy at birth in India has increased 
over the time and a recent study by Yadav et  al. (2021) 
has shown that India’s e0  in the pandemic year 2020 
decreased by 2.0  years compared to the non-pandemic 
year 2019. Another study aimed at tracking e0 losses 
globally found that Indians lost 2.6  years in their e0  in 
2021 due to the COVID-19 pandemic [10]. These studies 
strengthen the inference that losses in e0 at national and 
subnational level in India in the pandemic year 2019–21 
from both data sources NFHS (2019–21) and SRS (2020) 
may have occurred due to COVID-19 pandemic alone 
and not due to other causes of mortality.

Limitations of the study
While this study is one of the early works of its kind to 
look into the subnational variations in life expectancy 
and life disparity at birth in the context of COVID-19 
pandemic, it does have some limitations. Firstly, since 
this is an actual cross-sectional evidence-based study 
that can only infer about period life expectancy and life 
disparity estimates and not the cohort based life expec-
tancy and life disparity figures. Second, there has been 
used two data sources NFHS and SRS, the information 
available on age pattern of mortality in both the sources 
are different. NFHS gives information on age specific 
mortality rates for all the 36 states, which comprises of 
28 states and 8 union territories, whereas SRS gives infor-
mation on age specific mortality rates for the 22 states. 
Therefore, this study can compare the estimates of life 
expectancy and life disparity for the 22 states from both 
the data sources and it could not perform the analysis for 
remaining 14 states from the SRS data because of una-
vailability of the data. Third, due to data limitations only 
age and sex specific information on age pattern of mor-
tality were included in the analysis without looking into 
causes of deaths. Future health programmes may benefit 
more from the age specific mortality information sepa-
rated into both age and cause. Fourth, the confirmed and 
deceased cases of COVID-19 pandemic is available at the 
subnational level but ASMR calculated at the state level 
are inaccurate due to large number of missing informa-
tion on age-sex pattern of mortality about many cases.
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Conclusion
The estimates of e0 and e†0 show noticeable variations for 
the person, male and female populations across the states 
from NFHS (2015–16,2019–21) and SRS (2015,2020), 
respectively. The study found that e0 has declined for 
most states while life disparity increased between 2015–
16 and 2019–21. e0 has declined more among men than 
among women. Over the whole period of 2015–21, in 
summary, on average, Covid-19 cost men 1.4 years in e0 , 
whereas the corresponding setback for women was only 
0.3  years. Similarly, life disparity for men increased by 
0.31 years, and for women decreased by 0.13 years from 
2015–21. Covid-19 affected the average for 22 states for 
e0 and 21 states for e†0  for the whole period of 2015–21.

Abbreviations
NFHS  National Family Health Survey
COVID-19  Coronavirus disease of 2019
ORGI  Office of the Registrar General of India
ex  Life expectancy at age x
e
†
x    Life disparity at age x
e0  Life expectancy at birth
e
†
0  Life disparity at birth

NA  Not Applicable

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13690- 023- 01170-8.

Additional file 1: Supplementary Table S1. e_x^†  Estimates for 
Persons, male, and Female, in India NFHS (2019-21), SRS (2020). Supple-
mentary Table S2. e_0   Estimates for Persons, male and Female, in India 
and states, NFHS (2015-16), SRS (2015). Supplementary Table S3. e_0  
Estimates for Persons, male and Female, in India and states, NFHS (2019-
21), SRS (2020). Supplementary Table S4. e_0^†  Estimates in India and 
states NFHS-4 (2015-16) and SRS (2015). Supplementary Table S5. e_0^†  
Estimates in India and states NFHS-5(2019-21) and SRS (2020). Supple-
mentary Table S6. Change in e_0 in India and states NFHS-4 (2015-16) to 
NFHS-5 (2019-21) and SRS (2015) to SRS (2020). Supplementary Table S7. 
Change in e_0^†  in India and states NFHS-4 (2015-16) to NFHS-5 (2019-
21) and SRS (2015) to SRS (2020). 

Acknowledgements
The authors would like to express their appreciation to the anonymous 
reviewers for their suggestions and remarks that contributed to improving this 
research article.

Authors’ contributions
PKY did the analysis and wrote the main manuscript text. PKY prepared all 
the tables and figures. SY guided and supervised the entire process. Both the 
authors reviewed the final version of the manuscript. The author(s) read and 
approved the final manuscript.

Funding
There was no funding received for this study by any organisation or individual 
whatsoever.

Availability of data and materials
The datasets used in the current study are available on the DHS program por-
tal at https:// dhspr ogram. com/ data/ avail able- datas ets. cfm, and Office of the 
Registrar General & Census Commissioner, India (ORGI) at https:// censu sindia. 
gov. in/ census. websi te/ data/ SRSST AT.

Declarations

Ethics approval and consent to participate
The study is based on a secondary dataset; hence, no ethical approval from 
any institutional board was required. It also ensured the confidentiality of 
the participants was conserved, and informed consent was sought from the 
respondents during both the survey NFHS and SRS.

Competing interests
The authors declare no competing interests.

Received: 17 April 2023   Accepted: 7 August 2023

References
 1. Dandekar K. Mortality and longevity in India, 1901-1961. Econ Polit Wkly. 

1972:889–92. Available from: https:// www. jstor. org/ stable/ 43613 08.
 2. Malaker CR, Roy SG. Reconstruction of Indian life tables for 1901-1981 and 

projections for 1981-2001. Sankhyā: The Indian Journal of Statistics, Series B. 
1990:271–86. Available from: https:// www. jstor. org/ stable/ 25052 654.

 3. Office of the Registrar General & Census Commissioner, India (ORGI). SRS 
based abridged life tables 2014-18. Available from: https:// censu sindia. gov. 
in/ nada/ index. php/ catal og/ 42517.

 4. Office of the Registrar General & Census Commissioner, India (ORGI). SRS 
based abridged life tables 2015-19. Available from: https:// censu sindia. gov. 
in/ nada/ index. php/ catal og/ 43473.

 5. Yadav S, Kothavale A, Yadav PK, Yadav N. Collaborative Governance for Sus-
tainable Development of Health and Well-Being: Issues and Perspective Vol. 
I Non-Communicable diseases, Ch. 7. In: Thakur HP, editor. 2021. p. 117–34. 
Available from: https:// www. resea rchga te. net/ publi cation/ 35558 6769_ 
Burden_ of_ Non- commu nicab le_ Disea ses_ in_ India.

 6. Saroj RK, Yadav PK, Singh R, et al. Machine Learning Algorithms for under-
standing the determinants of under-five Mortality. BioData Min. 2022;15:20. 
Available from: https:// doi. org/ 10. 1186/ s13040- 022- 00308-8.

 7. Singh A, Ladusingh L. Life expectancy at birth and life disparity: an assess-
ment of sex differentials in mortality in India. Int J Popul Stud. 2016;2(1):38–
52. Available from: https:// pdfs. seman ticsc holar. org/ 516d/ f034c afcfc 6d04a 
bd7a4 fe000 de89a 84ebc6. pdf.

 8. Rao C, John AJ, Yadav AK, Siraj M. Subnational mortality estimates for India 
in 2019: a baseline for evaluating excess deaths due to the COVID-19 
pandemic. BMJ Global Health. 2021;6(11):e007399. Available from: https:// 
gh. bmj. com/ conte nt/6/ 11/ e0073 99. abstr act.

 9. Yadav S, Perianayagam A. Mortality compression and variability in age at 
death in India. CPoS. 2020 [cited 2023 Aug. 24];45. Available from: https:// 
compa rativ epopu latio nstud ies. de/ index. php/ CPoS/ artic le/ view/ 404.

 10. Karkal M. Differentials in mortality by sex. Econ Pol Weekly. 1987;22(32):1343–7. 
Available from: http:// www. jstor. org/ stable/ 43773 41.

 11. Roy TK, Lahiri S, Srinivasan K, Mukerji S. Recent levels and trends in mortality 
in India and its major states: an analysis of SRS data. Dynamics of population 
and family welfare. International Institute for Population Sciences. Bombay: 
Himalaya Publishing House; 1987. p, 279–349.

 12. Bhat PN, Navaneetham K. Recent trends in age-specific mortality in India. J 
Inst Econ Res. 1991;26(1-2):49–69. Available from: https:// europ epmc. org/ 
artic le/ med/ 12317 585.

 13. Navaneetham K. Mortality decline in India: an analysis of regional and 
temporal variations. Demography India. 1993;22(1):53–63.

 14. Krishnaji N, James KS. Gender differentials in adult mortality: with notes on 
rural-urban contrasts. Eco Pol Weekly. 2002:4633–7. Available from: https:// 
www. jstor. org/ stable/ 44128 45.

 15. Ranjan CA. Mortality transition in India 1970–2005. Asian Popul Stud. 
2010;6(1):47–68. Available from: https:// doi. org/ 10. 1080/ 17441 73100 36034 21.

 16. Arokiasamy P, Yadav S. Changing age patterns of morbidity vis-à-vis mortal-
ity in India. J Biosoc Sci. 2014;46(4):462–79. Available from: https:// doi. org/ 
10. 1017/ S0021 93201 30006 2X.

 17. Yadav S, Arokiasamy P. Understanding epidemiological transition in India. 
Global Health Action. 2014;7(1):23248-. Available from: https:// doi. org/ 10. 
3402/ gha. v7. 23248.

https://doi.org/10.1186/s13690-023-01170-8
https://doi.org/10.1186/s13690-023-01170-8
https://dhsprogram.com/data/available-datasets.cfm
https://censusindia.gov.in/census.website/data/SRSSTAT
https://censusindia.gov.in/census.website/data/SRSSTAT
https://www.jstor.org/stable/4361308
https://www.jstor.org/stable/25052654
https://censusindia.gov.in/nada/index.php/catalog/42517
https://censusindia.gov.in/nada/index.php/catalog/42517
https://censusindia.gov.in/nada/index.php/catalog/43473
https://censusindia.gov.in/nada/index.php/catalog/43473
https://www.researchgate.net/publication/355586769_Burden_of_Non-communicable_Diseases_in_India
https://www.researchgate.net/publication/355586769_Burden_of_Non-communicable_Diseases_in_India
https://doi.org/10.1186/s13040-022-00308-8
https://pdfs.semanticscholar.org/516d/f034cafcfc6d04abd7a4fe000de89a84ebc6.pdf
https://pdfs.semanticscholar.org/516d/f034cafcfc6d04abd7a4fe000de89a84ebc6.pdf
https://gh.bmj.com/content/6/11/e007399.abstract
https://gh.bmj.com/content/6/11/e007399.abstract
https://comparativepopulationstudies.de/index.php/CPoS/article/view/404
https://comparativepopulationstudies.de/index.php/CPoS/article/view/404
http://www.jstor.org/stable/4377341
https://europepmc.org/article/med/12317585
https://europepmc.org/article/med/12317585
https://www.jstor.org/stable/4412845
https://www.jstor.org/stable/4412845
https://doi.org/10.1080/17441731003603421
https://doi.org/10.1017/S002193201300062X
https://doi.org/10.1017/S002193201300062X
https://doi.org/10.3402/gha.v7.23248
https://doi.org/10.3402/gha.v7.23248


Page 14 of 15Yadav and Yadav  Archives of Public Health          (2023) 81:165 

 18. Canudas-Romo V, Saikia N, Diamond-Smith N. The contribution of age-
specific mortality towards male and female life expectancy differentials 
in India and selected States, 1970–2013. 2016;30(2):1–20. Available from: 
https:// doi. org/ 10. 18356/ 8ec01 29d- en.

 19. Yadav S, Yadav PK, Yadav N. Impact of COVID-19 on life expectancy at birth 
in India: a decomposition analysis. BMC Public Health. 2021;21(1):1906-. 
Available from: https:// doi. org/ 10. 1186/ s12889- 021- 11690-z.

 20. Marois G, Muttarak R, Scherbov S. Assessing the potential impact of COVID-
19 on life expectancy. PLoS One. 2020;15(9):e0238678. Available from: 
https:// doi. org/ 10. 1371/ journ al. pone. 02386 78.

 21. Trias-Llimós S, Bilal U. Impact of the COVID-19 pandemic on life expectancy 
in Madrid (Spain). J Public Health. 2020;42(3):635–6. Available from: https:// 
acade mic. oup. com/ jpubh ealth/ artic lepdf/ doi/ 10. 1093/ pubmed/ fdaa0 87/ 
33660 800/ fdaa0 87. pdf.

 22. Trias-Llimós S, Riffe T, Bilal U. Monitoring life expectancy levels during the 
COVID-19 pandemic: example of the unequal impact of the first wave on 
Spanish regions. PLoS One. 2020;15(11):e0241952. Available from: https:// 
doi. org/ 10. 1371/ journ al. pone. 02419 52.

 23. Castro MC, Gurzenda S, Turra CM, Kim S, Andrasfay T, Goldman N. Reduction 
in life expectancy in Brazil after COVID-19. Nat Med. 2021;27(9):1629–35. 
Available from: https:// doi. org/ 10. 1038/ s41591- 021- 01437-z.

 24. Chan EYS, Cheng D, Martin J. Impact of COVID-19 on excess mortal-
ity, life expectancy, and years of life lost in the United States. PLoS One. 
2021;16(9):e0256835. Available from: https:// doi. org/ 10. 1371/ journ al. pone. 
02568 35.

 25. Aburto JM, Schöley J, Kashnitsky I, Zhang L, Rahal C, Missov TI, et al. Quan-
tifying impacts of the COVID-19 pandemic through life-expectancy losses: 
a population-level study of 29 countries. Int J Epidemiol. 2022;51(1):63–74. 
Available from: https:// doi. org/ 10. 1093/ ije/ dyab2 07.

 26. Heuveline P. Global and national declines in life expectancy: an end-of-2021 
assessment. Popul Dev Rev. 2022;48(1):31–50. Available from: https:// doi. 
org/ 10. 1111/ padr. 12477.

 27. Lang FR, Rupprecht FS. Motivation for longevity across the life span: an 
emerging issue. Innov Aging. 2019;3(2399–5300 (Electronic)). Available 
from: https:// doi. org/ 10. 1093/ geroni/ igz014.

 28. Yadav A, Yadav S, Kesarwani R. Decelerating mortality rates in older ages and 
its prospects through Lee-Carter approach. PloS One. 2012;7(12):e50941. 
Available from: https:// journ als. plos. org/ ploso ne/ artic le? id= 10. 1371/ journ al. 
pone. 00509 41.

 29. Yadav S, Perianayagam A, Patel SA, Cunningham SA. The role of age 
inequalities in cause of death in the slow pace of epidemiological transition 
in India. Sci Rep. 2022;12(1):20291. Available from: https:// doi. org/ 10. 1038/ 
s41598- 022- 23599-7.

 30. Yadav S, Aathavan KK, Cunningham SA, Bhandari P, Mishra US, Aditi A, et al. 
Changing pattern of suicide deaths in India. The Lancet Regional Health-
Southeast Asia. 2023;16. Available from: https:// doi. org/ 10. 1016/j. lansea. 
2023. 100265.

 31. Aburto JM, Kristensen FF, Sharp P. Black-white disparities during an 
epidemic: life expectancy and lifespan disparity in the US, 1980–2000. Eco 
Human Biol. 2021;40:100937-. Available from: https:// doi. org/ 10. 1016/j. ehb. 
2020. 100937.

 32. Yadav S. Progress of inequality in age at death in India: role of adult mortal-
ity. Eur J Popul. 2021;37(0168–6577 (Print)):523–50. Available from: https:// 
doi. org/ 10. 1007/ s10680- 021- 09577-1.

 33. Aburto JM, Villavicencio F, Basellini U, Kjærgaard S, Vaupel JW. Dynamics of 
life expectancy and life span equality. Proc Natl Acad Sci. 2020;117(10):5250–
9. Available from: https:// doi. org/ 10. 1073/ pnas. 19158 84117.

 34. Strauss D, Brooks J, Rosenbloom L, Shavelle R. Life expectancy in cerebral 
palsy: an update. Dev Med Child Neurol. 2008;50(7):487–93. Available from: 
https:// doi. org/ 10. 1111/j. 1469- 8749. 2008. 03000.x.

 35. Roser M, Ortiz-Ospina E, Ritchie H. Life expectancy. Our World in Data. 2013. 
Available from: https:// ourwo rldin data. org/ life- expec tancy.

 36. Ho JY, Hendi AS. Recent trends in life expectancy across high income coun-
tries: retrospective observational study. BMJ. 2018;362:k2562. Available from: 
https:// doi. org/ 10. 1136/ bmj. k2562.

 37. Aburto JM, van Raalte A. Lifespan dispersion in times of life expec-
tancy fluctuation: the case of Central and Eastern Europe. Demog-
raphy. 2018;55(6):2071–96. Available from: https:// doi. org/ 10. 1007/ 
s13524- 018- 0729-9.

 38. Aburto JM, Wensink M, van Raalte A, Lindahl-Jacobsen R. Potential gains 
in life expectancy by reducing inequality of lifespans in Denmark: an 
international comparison and cause-of-death analysis. BMC Public Health. 
2018;18(1):831. Available from: https:// doi. org/ 10. 1186/ s12889- 018- 5730-0.

 39. Smits J, Monden C. Length of life inequality around the globe. Soc Sci Med. 
2009;68(6):1114–23. Available from: https:// doi. org/ 10. 1016/j. socsc imed. 
2008. 12. 034.

 40. Vaupel JW, Zhang Z, van Raalte AA. Life expectancy and disparity: an inter-
national comparison of life table data. BMJ Open. 2011;1(1):e000128. Avail-
able from: https:// doi. org/ 10. 1136/ bmjop en- 2011- 000128.

 41. Brønnum-Hansen H. Socially disparate trends in lifespan variation: a trend 
study on income and mortality based on nationwide Danish register data. 
BMJ Open. 2017;7(5):e014489. Available from: https:// doi. org/ 10. 1136/ 
bmjop en- 2016- 014489.

 42. García J, Aburto JM. The impact of violence on Venezuelan life expectancy 
and lifespan inequality. Int J Epidemiol. 2019;48(5):1593–601. Available from: 
https:// doi. org/ 10. 1093/ ije/ dyz072.

 43. Permanyer I, Spijker J, Blanes A, Renteria E. Longevity and Lifespan 
Variation by Educational Attainment in Spain: 1960–2015. Demog-
raphy. 2018;55(6):2045–70. Available from: https:// doi. org/ 10. 1007/ 
s13524- 018- 0718-z.

 44. Vaupel JW, Zhang Z, van Raalte AA. Life expectancy and disparity: an inter-
national comparison of life table data. BMJ Open. 2011;1(1):e000128-e. Avail-
able from: https:// doi. org/ 10. 1136/ bmjop en- 2011- 000128.

 45. IIPS & ICF. National Family Health Survey (NFHS-4), 2015–16. Mumbai: IIPS: 
International Institute for Population Sciences; 2017. Available from: http:// 
rchii ps. org/ nfhs/ NFHS- 4Repo rt. shtml.

 46. IIPS & ICF. National Family Health Survey (NFHS-5), 2019–21. Mumbai: IIPS: 
International Institute for Population Sciences; 2021. Available from: http:// 
rchii ps. org/ nfhs/ facts heet_ NFHS-5. shtml.

 47. Missov TI, Lenart A. Gompertz–Makeham life expectancies: expressions and 
applications. Theor Popul Biol. 2013;90:29–35. Available from: https:// doi. 
org/ 10. 1016/j. tpb. 2013. 09. 013.

 48. Chiang CL. On constructing current life tables. J Am Stat Assoc. 
1972;67(339):538–41. Available from: https:// www. tandf online. com/ doi/ 
abs/ 10. 1080/ 01621 459. 1972. 10481 245.

 49. Yadav S, Yadav PK, Kishore M, Unisa S, Shekhar C, Ram U, et al. Basic repro-
duction rate and case fatality rate of COVID-19: application of meta-analysis. 
Demogr India. 2020;49(Special Issue):76–97. Available from: https:// iasp. ac. 
in/ uploa ds/ journ al/ 49_ speci al007. pdf.

 50. Yadav S, Yadav N, Yadav PK. The peak and size of COVID-19 in India: SARIMA 
and forecast. Demogr India. 2022;50:75–86. Available from: https:// iasp. ac. in/ 
uploa ds/ journ al/7% 20328_ Pawan% 20Kum ar% 20Yad av- 16410 30705. pdf.

 51. Islam N, Jdanov DA, Shkolnikov VM, Khunti K, Kawachi I, White M, et al. 
Effects of covid-19 pandemic on life expectancy and premature mortality 
in 2020: time series analysis in 37 countries. BMJ. 2021;375:e066768. Avail-
able from: https:// doi. org/ 10. 1136/ bmj- 2021- 066768.

 52. Andrasfay T, Goldman N. Association of the COVID-19 pandemic with 
estimated life expectancy by race/ethnicity in the United States, 2020. JAMA 
Netw Open. 2021;4(6):e2114520-e. Available from: https:// jaman etwork. 
com/ journ als/ jaman etwor kopen/ fulla rticle/ 27813 20.

 53. Zheng Y, Chen M, Yip PS. A decomposition of life expectancy and life dispar-
ity: comparison between Hong Kong and Japan. Int J Health Policy Manag. 
2021;10(1):5–13. Available from: https:// doi. org/ 10. 15171/ ijhpm. 2019. 142.

 54. Seaman R, Leyland AH, Popham F. Increasing inequality in age of death 
at shared levels of life expectancy: a comparative study of Scotland and 
England and Wales. SSM Popul Health. 2016;2:724–31. Available from: 
https:// doi. org/ 10. 1016/j. ssmph. 2016. 10. 001.

 55. Van Raalte AA, Sasson I, Martikainen P. The case for monitoring life-span 
inequality. Science. 2018;362(6418):1002–4. Available from: https:// www. 
scien ce. org/ doi/ abs/ 10. 1126/ scien ce. aau58 11.

 56. Andrews MA, Areekal B, Rajesh KR, Krishnan J, Suryakala R, Krishnan B, 
et al. First confirmed case of COVID-19 infection in India: a case report. 
2020(0971–5916 (Print)). Available from: https:// journ als. lww. com/ ijmr/ 
Fullt ext/ 2020/ 51050/ First_ confi rmed_ case_ of_ COVID_ 19_ infec tion_ in. 
17. aspx.

 57. COVID-19 India API. A volunteer-driven, crowd-sourced database for 
COVID-19 stats & patient tracing in India (Online). 2020. Available from: 
https:// data. covid 19ind ia. org/.

https://doi.org/10.18356/8ec0129d-en
https://doi.org/10.1186/s12889-021-11690-z
https://doi.org/10.1371/journal.pone.0238678
https://academic.oup.com/jpubhealth/articlepdf/doi/10.1093/pubmed/fdaa087/33660800/fdaa087.pdf
https://academic.oup.com/jpubhealth/articlepdf/doi/10.1093/pubmed/fdaa087/33660800/fdaa087.pdf
https://academic.oup.com/jpubhealth/articlepdf/doi/10.1093/pubmed/fdaa087/33660800/fdaa087.pdf
https://doi.org/10.1371/journal.pone.0241952
https://doi.org/10.1371/journal.pone.0241952
https://doi.org/10.1038/s41591-021-01437-z
https://doi.org/10.1371/journal.pone.0256835
https://doi.org/10.1371/journal.pone.0256835
https://doi.org/10.1093/ije/dyab207
https://doi.org/10.1111/padr.12477
https://doi.org/10.1111/padr.12477
https://doi.org/10.1093/geroni/igz014
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0050941
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0050941
https://doi.org/10.1038/s41598-022-23599-7
https://doi.org/10.1038/s41598-022-23599-7
https://doi.org/10.1016/j.lansea.2023.100265
https://doi.org/10.1016/j.lansea.2023.100265
https://doi.org/10.1016/j.ehb.2020.100937
https://doi.org/10.1016/j.ehb.2020.100937
https://doi.org/10.1007/s10680-021-09577-1
https://doi.org/10.1007/s10680-021-09577-1
https://doi.org/10.1073/pnas.1915884117
https://doi.org/10.1111/j.1469-8749.2008.03000.x
https://ourworldindata.org/life-expectancy
https://doi.org/10.1136/bmj.k2562
https://doi.org/10.1007/s13524-018-0729-9
https://doi.org/10.1007/s13524-018-0729-9
https://doi.org/10.1186/s12889-018-5730-0
https://doi.org/10.1016/j.socscimed.2008.12.034
https://doi.org/10.1016/j.socscimed.2008.12.034
https://doi.org/10.1136/bmjopen-2011-000128
https://doi.org/10.1136/bmjopen-2016-014489
https://doi.org/10.1136/bmjopen-2016-014489
https://doi.org/10.1093/ije/dyz072
https://doi.org/10.1007/s13524-018-0718-z
https://doi.org/10.1007/s13524-018-0718-z
https://doi.org/10.1136/bmjopen-2011-000128
http://rchiips.org/nfhs/NFHS-4Report.shtml
http://rchiips.org/nfhs/NFHS-4Report.shtml
http://rchiips.org/nfhs/factsheet_NFHS-5.shtml
http://rchiips.org/nfhs/factsheet_NFHS-5.shtml
https://doi.org/10.1016/j.tpb.2013.09.013
https://doi.org/10.1016/j.tpb.2013.09.013
https://www.tandfonline.com/doi/abs/10.1080/01621459.1972.10481245
https://www.tandfonline.com/doi/abs/10.1080/01621459.1972.10481245
https://iasp.ac.in/uploads/journal/49_special007.pdf
https://iasp.ac.in/uploads/journal/49_special007.pdf
https://iasp.ac.in/uploads/journal/7%20328_Pawan%20Kumar%20Yadav-1641030705.pdf
https://iasp.ac.in/uploads/journal/7%20328_Pawan%20Kumar%20Yadav-1641030705.pdf
https://doi.org/10.1136/bmj-2021-066768
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2781320
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2781320
https://doi.org/10.15171/ijhpm.2019.142
https://doi.org/10.1016/j.ssmph.2016.10.001
https://www.science.org/doi/abs/10.1126/science.aau5811
https://www.science.org/doi/abs/10.1126/science.aau5811
https://journals.lww.com/ijmr/Fulltext/2020/51050/First_confirmed_case_of_COVID_19_infection_in.17.aspx
https://journals.lww.com/ijmr/Fulltext/2020/51050/First_confirmed_case_of_COVID_19_infection_in.17.aspx
https://journals.lww.com/ijmr/Fulltext/2020/51050/First_confirmed_case_of_COVID_19_infection_in.17.aspx
https://data.covid19india.org/


Page 15 of 15Yadav and Yadav  Archives of Public Health          (2023) 81:165  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 58. Tuli JK. Second Covid-19 wave in India. The Times of India. 2021. Available 
from: https:// times ofind ia. india times. com/ blogs/ world- india- polit ics/ 
second- covid- 19- wave- in- india/.

 59. Samarasekera U. India grapples with second wave of COVID-19. Lancet 
Microbe. 2021;2(6):e238. Available from: https:// doi. org/ 10. 1016/ S2666- 
5247(21) 00123-3.

 60. Choudhary OP, Priyanka, Singh I, Rodriguez-Morales AJ. Second wave 
of COVID-19 in India: dissection of the causes and lessons learnt. 
2021(1873–0442 (Electronic)). Available from: https:// doi. org/ 10. 1016/j. 
tmaid. 2021. 102126.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://timesofindia.indiatimes.com/blogs/world-india-politics/second-covid-19-wave-in-india/
https://timesofindia.indiatimes.com/blogs/world-india-politics/second-covid-19-wave-in-india/
https://doi.org/10.1016/S2666-5247(21)00123-3
https://doi.org/10.1016/S2666-5247(21)00123-3
https://doi.org/10.1016/j.tmaid.2021.102126
https://doi.org/10.1016/j.tmaid.2021.102126

	Impact of COVID-19 on subnational variations in life expectancy and life disparity at birth in India: evidence from NFHS and SRS data
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Theoretical background: life expectancy at birth  and life disparity at birth   

	Methodology
	Data
	Methods
	Annual mortality rates calculation and life table construction
	Calculation of disparity in lifespan or inequality in age at death


	Results
	Variability in age pattern of mortality in India NFHS (2015–16, 2019–21) and SRS (2015, 2020)
	Estimates of life expectancy and life disparity at birth in India, NFHS (2015–16, 2019–21) and SRS (2015, 2020)
	Comparison of  and  estimates for the person, male and female in India and the states from NFHS (2015–16, 2019–21) and SRS (2015, 2020)
	Subnational variation in life expectancy at birth  from NFHS (2015–16) and SRS (2015)
	Subnational variation in life expectancy at birth  from NFHS (2019–21) and SRS (2020)
	Subnational variation in life disparity at birth  from NFHS (2015–16) and SRS (2015)
	Subnational variation in life disparity at birth  from NFHS (2019–21) and SRS (2020)

	Differentials in  and  estimates in India and states between NFHS (2015–16 to 2019–21) and SRS (2015–2020)
	Subnational differentials in life expectancy at birth  from NFHS (2015–16, 2019–21) and SRS (2015, 2020)
	Subnational Differentials in life disparity at birth  from NFHS (2015–16, 2019–21) and SRS (2015, 2020)


	Discussion
	Limitations of the study

	Conclusion
	Anchor 28
	Acknowledgements
	References


