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Abstract While there is evidence of morbidity compres-
sion in many countries, temporal patterns of non-
communicable diseases (NCDs) in developing countries,
such as India, are less clear. Age at onset of disease offers
insights to understanding epidemiologic trends and is a
key input for public health programs. Changes in age at
onset and duration of major NCDs were estimated for
2004 (n = 38,044) and 2018 (n = 43,239) using health
surveys from the India National Sample Survey (NSS).
Survival regression models were used to compare trends
by sociodemographic characteristics. Comparing 2004 to

2018, there were reductions in age at onset and increases
in duration for overall and cause-specific NCDs. Median
age at onset decreased for NCDs overall (57 to 53 years)
and for diabetes, hypertension, heart disease, asthma,
mental diseases, eye disease, and bone disease in the
range of 2–7 years and increased for cancer, neurological
disorders, some genitourinary disorders, and injuries/
accidents in the range of 2–14 years. Hazards of NCDs
were higher among females for cancers (HR 1.51, 95%
CI 1.19–1.90) and neurological disorders (HR 1.18, 95%
CI 1.06–1.32) but lower for heart diseases (HR 0.88, 95%
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CI 0.79–0.97) and injuries/accidents (HR 0.87, 95% CI
0.77–0.99). Hazards were greater among those with low-
er educational attainment at younger ages and higher
educational attainment later in life. Unlike many coun-
tries, chronic disease morbidity may be expanding in
India for many chronic diseases, indicating excess strain
on the health system. Public health programs should
focus on early diagnosis and prevention of NCDs.

Keywords Non-communicable diseases . Onset . NSS .

India . Duration of disease

Introduction

Global life expectancy increased dramatically over the
twentieth and twenty-first centuries, as many countries
observed a shift in disease and mortality patterns away
from infectious diseases [1]. Non-communicable diseases
(NCDs) are now the leading cause of premature morbidity
and mortality—both within India and globally [1–4].
However, as with infectious diseases before them, NCDs
are not distributed equally. Globally, an estimated 57 mil-
lion deaths were attributable to NCDs in 2016, of which
three-quarters occurred in low- and middle-income coun-
tries (LMICs) [2]. The epidemiologic transition from in-
fectious to chronic disease, and the corresponding increase
in life expectancy, may have implications for perceived
quality life for the additional years of life lived, depending
upon whether those years are spent healthy or diseased [3].

A key framework for understanding this transition and
its effect on quality of life is known as the “compression or
morbidity” hypothesis, which postulates that, on average,
there will be fewer years living with disease and disability
as the age at onset of disease becomes delayed at a faster
rate than the age of death [5]. However, the “morbidity
compression” hypothesis is primarily based on evidence
from high-income countries. It is unclear if the compres-
sion of morbidity hypothesis can be equally applied to all
countries, especially in developing countries which may
experience NCDs differently [6–9]. For example, the
NCD-related disease burden has been increasing rapidly
in LMICs and the probability of death due to NCDs is
twice as high among adults in LMICs compared with
adults in high-income countries [10–16].

India accounts for a quarter of global NCD deaths
(9.6 million), and NCDs are the leading cause of morbid-
ity, disability, hospitalization, and mortality [1, 4, 17, 18].
From 1990 to 2016, the proportion of total disability-

adjusted life years (DALYs) attributable to NCDs in India
increased from 30.5 to 55.4% [19]. Similarly, out-of-
pocket payments (OOP), catastrophic health spending
(CHS), and distress financing for treating NCDs have also
been on the rise [20–23]. In response to these trends,
governmental and non-governmental health organizations
have called for prevention and control of NCDs in India
[24, 25]. In particular, the National Health Policy (NHP)
2017 aims to reduce premature mortality from cardiovas-
cular diseases, cancers, diabetes, and chronic respiratory
diseases by 25% by 2025 [24].

However, despite evidence of an increasing overall
burden of NCDs in India, details of this trend remain
unclear. For example, it is unclear how age at onset and
duration of NCDs have changed over time [21, 26–29].
Estimates of the age at onset and duration of NCDs are
key inputs for public health programs, health planning,
and health budgeting. Understanding trends in these
metrics for NCDs can help in understanding who is
being affected by NCDs, when, and for how long [30,
31]. That is, trends in age at onset and duration of NCDs
can also aid in clarifying whether morbidity in India is
expanding or contracting.

Thus, understanding trends in the age at onset of
NCDs not only provides insight into whether the com-
pression of morbidity hypothesis can be equally applied
to diverse contexts, such as India, but also has important
practical implications for public health programming.
Each of these represents important gaps in the under-
standing of NCD trends in India. To this end, we exam-
ined changes in the age at onset and duration of 12major
categories of NCDs from 2004 to 2018 for the popula-
tion of India, as well as variation in these changes by
individual sociodemographic characteristics. The 12
NCDs are diabetes, hypertension, heart disease, asthma,
genitourinary, cancer, neurological, mental disease,
blood disease, eye disease, bone disease, and injury/
accident. The classification of these categories is guided
by the adequacy of sample, comparability over surveys,
international classification of disease, and literature.

Methods

Data and study population

Data for this study derived from 2 years of health
surveys (Schedule 25.0) corresponding to the 60th and
75th rounds of the National Sample Survey (NSS),

GeroScience

Author's personal copy



conducted in 2004 and 2017–18 (hereafter abridged to
“2018”), respectively. The NSS is the official statistical
survey of the Government of India, set up in 1950 with
the primary objective of collecting data on various so-
cioeconomic aspects of the population, and each year
focusing on specific subjects such as education, health,
or consumption. Data collected by the Nation Sample
Surveys (NSS) are reliable and extensively used in
policy and research worldwide. These population-
based surveys include observations from all states and
union territories of India via multistage stratified sam-
pling. Details of the sampling procedure, instruments,
and preliminary findings are available in the respective
survey report [32, 33].

For the purposes of this study, we focused on the
two surveys conducted in 2004 and 2018 in order to
maintain comparability in instruments while allowing
for a sufficient length of time to capture changes in
disease trends. The survey year 2018 is the latest round
of NSS containing health surveys while 2004 is the
earliest comparable year as surveys prior to 2000 uti-
lized different health instruments. Since we were inter-
ested in examining changing trends in the age at onset
of NCDs, we determined that a 14-15 year period
would be a reasonable time period. Surveys for both
years collected comprehensive information on house-
hold characteristics (household consumption expendi-
ture, source of energy for cooking, sanitation facility
etc.), individual characteristics (age, sex, marital status,
educational attainment, coverage of health insurance
scheme etc.), and hospitalization and ailment particu-
lars. Information on self-reported ailments (either diag-
nosed and/or symptomatic) was collected in 15-day
reference periods and coded into 42 categories in
2004 and 63 categories in 2018. Further information
on the original survey data including instruments and
technical reports are publicly available at the govern-
ment website (www.mospi.gov.in). A total of 38,044
ailments corresponding to 34,930 individuals were
recorded in 2004, and 43,239 ailments for 39,777
individuals were logged in 2018. In 2004, the NSS
provided the morbidities associated with 42 individual
ailments (5 major categories), whereas in 2018,
morbidities were classified into 63 individual ailments
and 15 major categories. We reclassified these ailments
into 24 categories including 14 NCDs by taking into
account disease similarity, classification schemes
adopted in prior studies, and sample size. Table 2
presents the details of disease reclassifications

including the number of cases for 2004 and 2018.
There were insufficient sample sizes for asthma and
back/body ache in 2004. Therefore, our analysis was
limited to 12 categories of NCDs, accounting for 36%
of total ailments in 2004 and 46% in 2018. Morbidity
rates were defined as the number of morbidity cases per
100,000 individuals.

Age at onset of disease

Both survey years included information on current age
and total duration (in days) of each ailment. Age at onset
of disease was defined as the difference between current
age and duration of disease. It should be noted that
definitions of age at onset of disease are inconsistent in
the literature. For instance, some studies have defined it
using the first symptom of illness, while others have
used time of first hospitalization, or first symptom in
connection with first hospitalization [30]. In the Health
and Retirement Study (HRS), age at onset was derived
from a question on the age at diagnosis by a trained
health professional [31].

Statistical analysis

Descriptive statistics, Kaplan-Meier survival esti-
mation, and Cox proportional hazards models were
used to estimate the onset and duration of NCDs.
Morbidity rates were computed as the number of
morbid cases excluding child birth and death cases
per 100,000 individuals. The distribution and medi-
an age of disease are indicators of the progression of
disease in a population. Median onset time was
defined as the average age below which half of the
population experienced a specific morbidity (among
those who had a morbidity). To examine the change
in median age for a specific disease over the two
survey time periods, we performed two sample non-
parametric tests of medians. Changes in median age
at onset of disease were also classified into 2 × 2
contingency tables, with Fisher’s exact tests and
Pearson’s chi-squared tests calculated to test for
significant differences.

Kaplan-Meier survival functions were utilized to
estimate the probability of a specific morbidity not
occurring until a certain age. Each Kaplan-Meier
estimator used age at the time of onset (in years) at
the time of disease onset as the measure of time, and
a binary disease onset variable (1 = disease onset;
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0 = no disease/censored) as the final event (failure)
measure. The Kaplan-Meier estimate of survival
time S(t) is given by:

S tð Þ ¼ ∏k
i¼1

ni−dið Þ
ni

ð1Þ

where ni is the number of subjects observed at time ti,
and di is the number of a subject who experienced the
event of interest at time ti. This gives the probability that
a person survives the age duration (up to age x) without
the occurrence of a given disease.

Cox proportional hazards regression models were
used to predict the time (age in years) of first onset
of disease based on a set of sociodemographic fac-
tors. The Cox proportional hazards model estimates
the risk of an individual developing a disease at a
specific point in time, t, given that the individual
was disease-free prior to time t. A set of disease-
specific Cox proportional hazards regression models
was estimated in order to assess the role of
sociodemographic factors on each of the 12 NCD
categories. The event of interest in these models was
the initial onset of a specific disease, coded as a
binary variable (1 = diseased; 0 = disease-free).
Once an individual within the risk group experi-
enced first onset of an NCD, they were no longer
considered at-risk for that event again. The propor-
tional hazards model is specified by:

hi ti; xið Þ
h0 tið Þ ¼ exp βixi

� � ð2Þ

where hi(ti; xi) is the hazard function of the compar-
ison of diseased to disease-free individuals at time ti
with a specified set of independent variables denoted
by xi, and an accompanying set of parameters, βi, to be
estimated [34]. The Kaplan-Meier and Cox proportional
hazards survival curves are presented for 7 of the 12
NCDs, namely, diabetes, high blood pressure, heart
disease, cancer, neurological, mental disease, and
injury/accident for dispositional clarity.

Results

Table 1 presents the sample profile of households and
individuals surveyed in 2004 and 2018. The average
household size was 5.18 in 2004 and 4.35 in 2018.

Approximately 70% of the sample was literate. The
median age of the population was 24 years in 2004
and 27 years in 2018. The monthly per capita consump-
tion expenditures (MPCE) increased by 30% over the
study period.

Morbidity rates and duration of NCDs

While the all-cause morbidity rate decreased from 9518
to 7977 per 100,000 individuals from 2004 to 2018, the
overall morbidity rate for non-communicable diseases
increased from 3045 to 3782 (per 100,000 population),
as well as for most of the 12 cause-specific NCDs
(Table 2). In particular, cause-specific morbidity rates
increased for diabetes, high blood pressure, neurological
disorders, and bone diseases. In 2004, among the listed
NCDs, the cause-specific morbidity rates were the
highest for bone disease (624), eye disease (498), and
hypertension (495). By 2018, morbidity rates were the
highest for hypertension (1076), followed by diabetes
(1006) and bone disease (510), suggesting a change in
disease patterns over time. Themean duration of ailment
(number of days) increased for most of the NCDs during
the period of 2004 to 2018. In 2004 the mean duration of

Table 1 Sample profile of participants from the India National
Sample Survey, 2004 and 2018

Variables 2004 2018

Total population covered 383,338 555,351

Number of households 73,868 113,823

Average household size 5.18 4.35

Sex ratio (number of females per 1000 males) 952 935

Percent urban 25.43% 29.46%

Percent SC and ST 28.44% 28.25%

Educational attainment

No formal schooling 34.13% 26.06%

Up to primary 61.11% 29.96%

Middle/secondary 3.81% 25.99%

Higher secondary and above 0.95% 17.99%

Monthly per capita consumption expenditure
(at 2018 prices)

1838 2617

Median age (years) 24 27

Morbidity rate (per 100,000 population) 8743 7465

Median age of any NCD 57 53

Number of morbidity cases (15 days of
reference period)

34,930 39,777

SC schedule castes, ST schedule tribes
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ailment (number of days) was the highest for diabetes
(999) followed by hypertension (720) and mental dis-
ease (450). By 2018, cause-specific mean durations
increased for most NCDs and were the highest for
mental disease (2190) followed by diabetes (1440) and
hypertension (1270).

Changing distributions of age at onset of NCDs

Figure 1 shows the changing distribution for the age
at onset of all NCDs combined for 2004 and 2018.
The distribution shifted to the left, suggesting that
NCDs overall are increasingly affecting individuals
at younger working ages. Table 3 summarizes

changes in the average age of onset for each of the
12 NCDs from 2004 to 2018. In particular, the medi-
an age of onset for NCDs as a whole declined from
57 years in 2004 to 53 years by 2018 (Table 1). The
median age of onset declined for most (7 of 12)
individual NCD categories over this period: diabetes
from 58 to 53 years, hypertension decreased from 61
to 55 years, heart disease decreased from 58 to
55 years, and asthma from 61 to 54 years. The largest
reductions in the median age of onset were for eye
disease (14 years), asthma (7 years), diabetes
(5 years), bone disease (5 years), and heart diseases
(3 years). However, median age of onset increased for
injuries/accidents (from 36 to 40 years) and

Table 2 Classification of morbidity, morbidity rate, and duration of alignment in India, 2004 and 2018

2004 2018

Sr.
No.

Morbidity category Morbidity
rate per
1,000,000

Duration of
ailment in
days

Number
of cases

Morbidity
rate per
1,000,000

Duration of
ailment in
days

Number
of cases

1 Diabetes 339 999 1691 1006 1440 6568

2 Hypertension 495 720 2287 1076 1270 6379

3 Heart Disease 257 365 1501 258 975 2028

4 Asthma 345 320 1540 217 960 1242

5 Thyroid 11 109 51 149 1065 820

6 Genitourinary (disease of kidney/urinary
system, prostatic disorders, gynaecological
disorders)

220 50 1184 98 215 686

7 Cancer 50 180 379 26 570 400

8 Neurological 193 200 1015 286 365 1680

9 Mental disease 64 450 309 58 2190 399

10 Blood disease 45 80 199 65 60 400

11 Eye disease 498 365 2260 87 120 476

12 Bone disease 624 350 2564 510 700 2503

13 Back or body aches NA NA NA 170 300 846

14 Injury accident 256 10 1222 193 20 1316

15 Fever 2032 5 6440 2351 4 9904

16 Cough but not TB 236 6 788 121 6 583

17 Diarrhoea 509 4 1823 126 4 566

18 skin disease 214 30 693 183 35 798

19 Acute upper respiratory infection 673 6 2532 485 5 2572

20 Gastrointestinal 496 16 1929 344 45 1817

21 Tuberculosis 111 180 669 38 240 276

22 Obstetric NA NA NA 20 25 181

23 Child birth NA NA NA 6 12 107

24 Others 1849 11 6968 102 45 692

Total 9518 223 38,044 7977 880 43,239
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genitourinary conditions (from 37 to 39 years). The
changes in median age over time are found significant
for all the NCDs except mental and neurological
diseases. Changes in age of onset can also be seen

at the left and right tails of the distributions (e.g., 25th
and 75th percentiles) in a similar line of median age
(Table 3). The mean age of onset of these diseases is
also similar to that of median age.

Fig. 1 Histograms of age at onset for any non-communicable diseases in India, 2004 and 2018

Table 3 Distribution of age at onset of non-communicable diseases in India, 2004 and 2018

Age at onset in 2004 Age at onset in 2018

Sr.
No.

Disease P25 Median P75 Mean 95% CI P25 Median P75 Mean 95% CI Median test
2004–2018
Pearson chi2

(p value)

Change in
median age
of onset
(2018–2004)

1 Diabetes 50 58 65 57 56.91–58.01 46 53 60 53 52.81–53.36 172.77
(0.000)

− 5

2 Hypertensions 52 61 67 57 56.62–57.7 47 55 62 55 54.33–54.90 256.91
(0.000)

− 6

3 Heart disease 47 58 67 55 53.74–55.39 45 55 64 54 53.29–54.66 5.47 (0.019) − 3
4 Asthma 46 61 68 53 52.28–54.35 40 54 64 51 49.48–51.56 58.02 (0.000) − 7
5 Genitourinary 27 37 54 38 37.00–39.05 27 39 52 41 39.79–42.57 27.77 (0.000) + 2

6 Cancer 35 48 61 48 45.81–49.73 41 54 58 50 48.55–51.42 6.72 (0.01) + 6

7 Neurological 26 45 63 43 41.82–44.54 34 46 59 45 43.82–45.61 1.48 (0.223) + 1

8 Mental disease 23 35 51 37 34.92–39.18 16 28 44 31 28.86–32.83 0.0012
(0.972)

− 7

9 Blood disease 21 38 58 33 30.22–36.54 20 45 60 42 39.29–43.87 4.01 (0.045) + 7

10 Eye disease 53 64 70 57 55.84–57.56 29 50 65 46 44.34–48.44 81.19 (0.000) − 14
11 Bone disease 49 61 68 56 55.46–56.73 48 56 64 55 54.73–55.79 170.97

(0.000)
− 5

12 Injury/accident 19 36 55 34 32.56–34.95 20 40 57 39 37.65–39.93 18.26 (0.000) + 4
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K-M survival estimates of selected NCDs

Figure 2 a and b present Kaplan-Meier (K-M) survival
estimates for diabetes (navy blue), heart disease (foster
green), high blood pressure (maroon), cancers (dark or-
ange), neurological disorders (teal), mental diseases
(cranberry), and injuries/accidents (lavender) in 2004
and 2018, respectively. The probability of “survival,” or
maintaining disease-free status (K-M curve) consistently
decreases with age, ultimately approaching zero for all
conditions beyond age 80 in India. The position of the
curves highlights variation in the ages associated with
each NCD category. For example, the red curve,
representing mental conditions, shifted diagonally down-
ward to the left relative to other curves, suggesting that
these conditions affect individuals at younger ages. In
particular, in 2018, the probability of onset (1-
Pr(survival)) of mental disease by age 40 was 0.6 (1.0–
0.4), while that of diabetes and hypertension were each
less than 0.2 (1.0–0.8). Further, by comparing K-M sur-
vival curves for 2004 (a) and 2018 (b), we can also
observe nuances in the changing distributions of NCDs
over time, for example, the red curve for mental diseases
shows a dip in probability of survival especially among
younger ages (e.g., < 20 years). At the same time,
accidents/injuries and neurological disorders showed late
onset than mental disorders, but younger ages than the
remaining NCD categories. Diabetes, hypertension, and
heart disease occurred at relatively older ages. Yet, every
NCD category was more likely to occur by age 60.

K-M survival estimates by sex and education

Figures 3 and S1 (a) through S1 (f) (in “Supplementary
Materials”) display K-M survival curves for all NCDS
combined and by NCD categories (diabetes, high
blood pressure, heart disease, cancers, neurological,
mental disease, and injuries/accidents), stratified by
sex (males vs. females). The probability of remaining
disease-free of any NCDs was lower among males than
females up to age 40 years, but beyond age 40 the
probabilities were higher for male than female. On
the other hand, curves for diabetes, hypertension, heart
disease, and cancers showed the opposite pattern, i.e.,
the female survival curve shifted to the left of the male
curve. Thus, contrary to general pattern of NCDs as a
whole, age of onset for diabetes, hypertension, heart
disease, and cancers were lower among females than
males. Lastly, the survival curves for neurological

disorders and mental health conditions varied by life
stage. For example, the chance of occurrence of neu-
rological disorders was higher among males up to age
30; beyond age 30, the chance of occurrence was
greater for females. The pattern was reversed for men-
tal health conditions: females experienced earlier onset
during the initial stages of life, whereas males experi-
enced earlier onset in later life stages.

Figures 4 and S2 (in “Supplementary Materials”) show
K-M survival curves for all NCDs and each of NCD
category by the level of education. The onset of any NCDs
was earlier among those whose educational attainment
was below primary up to around age 25, after which the
age of onset became lower for those with above primary
education (Fig. 4). The survival curves were similar for
diabetes, high blood pressure, and heart disease. Though a
variation in survival by education is distinct, the curves
correspond to these NCDs show a smooth sigmoid pattern
showing an onset of the disease after age 20. The rest of
the survival curves are not so systematic and showed a
distinct stepwise downfall in the survival probability with
an underlying variation by education. In this direction, the
corresponding survival pattern of injury/accident showed
an almost diagonal pattern suggesting a very quick reduc-
tion in the survival probability over the ages. The survival
curve also shows that one-fourth of the total population
who are up to primary educated experienced some forms
of injury/accident by age 20, and the corresponding sur-
vival probability is observed the highest among higher
secondary and above educated till age 20 with a gradual
sharp decrease in the survival probability over the ages for
this particular group of population. In particular, individ-
uals of lower education experienced lower survival earlier
in life (less than 10–20 years), yet experienced increased
survival later in life for injuries/accidents, neurological
disorders, and mental health conditions. Trends were more
consistent for diabetes, high blood pressure, and heart
diseases, each of which showed a graded, positive rela-
tionship with educational attainment. That is, age of onset
for these NCDs occurred earlier among those with the
middle, secondary, and higher secondary and above edu-
cation levels compared with those with less than primary
education.

Variation in median age at onset of NCDs
by sociodemographic characteristics

Variation in the median age (in terms of years) of onset
of NCDs by selected characteristics is presented in
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a

b

Fig. 2 Kaplan-Meier survival curves for selected NCDs in India, 2004 (a) and 2018 (b)
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Tables S1 (diabetes, heart disease, and high blood pres-
sure) and S2 (cancer, neurological, mental disease, and
injury/accident). Median onset time (MOT) of NCDs
varied by region, place of residence, educational attain-
ment, religious belief, social group, gender, and MPCE
and with employment status. In particular, the regional
variation in age of onset was found largest for mental
health conditions followed by, injuries/accidents and
cancers. A rural-urban differential in median age of
onset was also evident for caners (50 for rural, 53 for
urban), neurological disorders (46 for rural, 48 for ur-
ban), mental diseases (30 for rural, 36 for urban), and
injuries/accidents (38 for rural, 42 for urban).

Hazard rates of NCDs by sociodemographic
characteristics

Table 4 presents hazard rates from the Cox proportional
hazards models. The estimated hazards show that, com-
pared with the Northern region, populations in the
Southern and Western regions were 1.73 (HR = 2.72;
95% CI 2.12–3.49) and 1.75 (HR = 3.38; 95% CI 2.56–
4.45) times more likely to develop both diabetes and
heart disease, respectively. There was a clear gradient in
an increased risk of developing NCDs among those with

higher educational attainments for all NCDs except high
blood pressure. Females had higher hazards of develop-
ing diabetes, high blood pressure, heart disease, cancers,
and neurological disorders. On the other hand, hazards
of experiencing mental health conditions and injuries/
accidents were higher among males. Hazards were
higher among the highest MPCE tertile group (relative
to the lowest) for heart disease, diabetes, and cancers,
but lower for all other NCD categories.

Discussion

Results from this study have a number of important
implications for understanding and prevention of NCDs
in India. First, the age of onset of NCDs in India is lower
than many developing and developed countries [33].
About one-fourth of NCDs occur before age 42, half
of these before 52 and three-fourth by 61, suggesting
that working adults are largely affected by NCDs. Sec-
ond, trends in the age at onset are distinct for each NCD.
One-fourth of mental illnesses showed an onset prior to
age 16, and one-fourth of neurological disorders before
age 33. Third, we observed distinct sex differentials in
NCDs, with higher hazard ratios among females in

Seven NCDs includes diabetes, hypertension, heart disease, cancer, neurological, mental and injury/accident

Fig. 3 Kaplan-Meier (K-M) survival curves for any of the seven NCDs in India by sex, 2018. Seven NCDs include diabetes, hypertension,
heart disease, cancer, neurological, mental and injury/accident
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terms of cancer and neurological disorder, whereas haz-
ard ratios were greater for males for in the cases of heart
disease and injury/accident. Fourth, the probability of
onset of NCDs is often greater among those with lower
educational attainment at younger ages, whereas the
probability becomes relatively higher among those with
higher education levels later in life.

We provide some plausible explanations in support
of these findings. A decade ago, awareness regarding
health was lower in India, and health facilities were less
equipped with modern diagnostics facilities than today.
The lack of awareness, accessibility, and resources
could have prevented care seeking and diagnosis of
NCDs [35]. With increase in awareness, the rising in-
come level and accessibility to healthcare, people may
have increased use of health facilities. However, it is
likely that a significant proportion of less educated and
poor populations, residing in remote geographical
places, remain undiagnosed. This may account for some
of the observations of a lower probability of NCDs
among less educated. Similarly, the probability of early

onset of cancer and neurological disorder among fe-
males may be due to the interplay of behavioural and
household risk factors [36]. The lower hazard ratio
among female for heart disease can be explained by
the protective effect of oestrogen. Similarly, the lower
hazard ratio of accidents and injuries may be due to
lower mobility among females compared with males.
Risk factors of NCDs among males and females are
similar except alcohol consumption and smoking pat-
terns among females. At the same time, women’s health,
especially regarding reproductive health issues, had not
been prioritized in the past [37]. Hypertension was the
leading morbidity in 2018 compared may be due to the
shift in the onset of disease, early screening of chronic
conditions, and an increase in awareness of the diseases.

Our findings also have implications for discussions
regarding compression ofmorbidity [5, 37].While some
high-income countries, such as the USA, are experienc-
ing older ages of onset of NCDs, leading to the devel-
opment of a “compression of morbidity,” it is unclear if
this phenomenon extends to other countries, especially

Seven NCDs includes diabetes, hypertension, heart disease, cancer, neurological, mental and injury/accident

Fig. 4 Kaplan-Meier (K-M) survival curves for any of the seven NCDs in India by education, 2018. Seven NCDs include diabetes,
hypertension, heart disease, cancer, neurological, mental, and injury/accident
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LMICs [5–7]. Contrary to trends reported in the USA,
our findings demonstrate the possibility of an “expan-
sion ofmorbidity,” indicated by fewer disease-free years
(i.e., younger ages of onset of disease), which, if ages of
mortality remain stable (or increase), will result in a
larger number of years with disease, disability, and
suffering. Thus, the compression of morbidity hypothe-
sis does not seem to be currently operating within the
India context. It should also be mentioned that some
literature suggests that the compression of morbidity in
the USA may not be consistent over time. For example,
during 1966–76, expansions of morbidity were ob-
served for visual and hearing impairments among youn-
ger adults, for diabetes, musculoskeletal disorders, hy-
pertension, and diseases of the circulatory system
amongmiddle age (45–64 years) adults, and for diabetes
and circulatory diseases among adults aged 65+ years
[38]. Another study also demonstrated expansion of
morbidity in the USA over the period 1962–84 [39]. A
recent study using data from two age-matched cohorts in
1992 and 2004 from the US Health and Retirement
Study using self-reported chronic health conditions
found no evidence of compression (or expansion) of
morbidity [7]. Future research should continue investi-
gating this question using alternate measures of morbid-
ity, including diverse contexts and populations, and
incorporating ages of death.

We acknowledge the following limitations of the
study. First, due to data limitations, we could not exam-
ine genetic, biological, behavioural, and environmental
factors that may affect the age of onset of NCDs. For
instance, obesity, physical inactivity, poor diet, tobacco,
and alcohol use are risk factors known to be associated
with NCDs [40, 41] but were not collected as part of the
NSS. Second, we have examined only two widely sep-
arated time points, and trend analyses would shed more
light on morbidity pattern. The sample size did not
permit state-level analyses. We could not analyse stroke
as no specific categorisation was available. Third,
though majority of diseases are classified as per NCDs,
there are a few exceptions due to data limitation.

Our findings have important implications for a num-
ber of ongoing programmes in India, including the
National Program for Prevention and Control of Cancer,
Diabetes, CVD, and Stroke (NPCDCDS), the National
Mental Health Programme (NMHP), and the National
Programme for Health Care of the Elderly (NPHCE).
Recently, the Government of India prepared the Nation-
al Multispectral Action Plan, 2017–22, for preventionT
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and control of NCDs, which aims to promote synergies
among various programmes within the health sector and
integrate with non-health stakeholders [24]. The Nation-
al Health Policy 2017 is particularly focused on increas-
ing budgetary allocations and improving the public sec-
tor tertiary centre for prevention, treatment, and control
of NCDs [24]. The recent introduction of Ayushman
Bharat scheme aimed to provide health insurance cov-
erage of up to 5 lakh rupees to the bottom 40% of
households is the largest such initiative in the world
[42]. Yet, the coverage of these prevention strategies
remains low, particularly for poor and rural populations.
The treatment of NCDs in private health centres is
expensive, so strengthening the social and policy frame-
work would help meet the needs of poor households
[43]. Thus, we recommend continued, strong political
commitment, increased budgetary spending, and gener-
ating awareness of preventive measures among the gen-
eral population in order to prevent early onset of NCDs.
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