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ABSTRACT

Background

India is experiencing a rapid epidemiological transition characterized by persistent undernutrition
alongside increasing obesity and cardiometabolic disease. This study examined recent changes and
population inequalities in major behavioral and metabolic risk factors for non-communicable
diseases (NCDs) across India.

Methods

A nationwide repeated cross-sectional analysis was conducted using data from the fourth and fifth
Indian National Family Health Surveys: NFHS-4 (2015-2016) and NFHS-5 (2019-2021).
Harmonized comparisons were restricted to consistent age groups and indicator definitions.
Outcomes included overweight or obesity, tobacco use, alcohol consumption, hypertension, and
raised random blood glucose. Patterns were examined by sex, age, residence, household wealth,
body mass index, and geographic location.

Results

Among adults aged 15-49 years, overweight or obesity increased from 21% to 24% among women
and from 19% to 23% among men. Conversely, thinness declined from 23% to 19% among women
and from 20% to 16% among men. Tobacco use decreased from 7% to 4% among women and from
45% to 39% among men, while alcohol consumption declined from 29% to 22% among men and
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remained approximately 1% among women. Hypertension increased from approximately 11% to
11.7% among women and from 15% to 16.1% among men aged 15-49 years. Raised random blood
glucose also increased, from approximately 6% to 7.5% among women and from 8% to 9.1%
among men. In NFHS-5, hypertension affected 21.3% of women and 24.0% of men aged 15 years
or older, while raised glucose or glucose-lowering medication use affected 13.5% and 15.6%,
respectively. Cardiometabolic risk increased sharply with age and BMI and was generally higher
in urban and wealthier populations. Tobacco exposure remained concentrated among rural,
socioeconomically disadvantaged, and scheduled-tribe populations. Marked state-level variation
was observed across all major indicators.

Conclusion

India has achieved measurable reductions in tobacco use and male alcohol consumption, but these
improvements are being challenged by increasing obesity, hypertension, and abnormal glucose.
The coexistence of undernutrition and metabolic disease, together with pronounced socioeconomic
and geographic inequalities, requires an integrated, life-course and equity-oriented NCD strategy.
Strengthening early detection, treatment continuity, healthy food environments, physical activity,
and targeted behavioral-risk reduction will be essential to limit premature NCD morbidity and
mortality.

Keywords: Non-communicable diseases; Epidemiological transition; Hypertension; Obesity;
diabetes; NFHS

INTRODUCTION

Non-communicable diseases (NCDs) have emerged as the predominant cause of premature
mortality, disability, and healthcare expenditure worldwide. Cardiovascular diseases, cancers,
chronic respiratory diseases, and diabetes account for most of this burden and increasingly affect
populations in low- and middle-income countries [1]. Unlike many acute illnesses, NCDs develop
through prolonged interactions among behavioral, metabolic, environmental, socioeconomic, and
demographic determinants. Their prevention and control therefore require reliable population-level
evidence capable of identifying vulnerable groups, tracking changes over time, and guiding
appropriately targeted public-health interventions [2].

India is experiencing a rapid and complex epidemiological transition. Improvements in
socioeconomic conditions, healthcare access, maternal and child health, and control of several
communicable diseases have contributed to increased life expectancy [3]. At the same time,
population ageing, urbanization, dietary change, reduced physical activity, tobacco and alcohol use,
environmental pollution, and increasing levels of overweight and obesity have accelerated the
occurrence of chronic diseases [4]. Consequently, the country faces a substantial double burden in
which NCDs coexist with communicable diseases, nutritional deficiencies, and persistent
inequalities in access to preventive and therapeutic services [5].
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The burden of NCDs in India is not uniformly distributed. Considerable differences exist among
states and union territories because of variations in demographic structure, socioeconomic
development, urbanization, environmental exposure, cultural practices, health literacy, and
healthcare infrastructure [6]. Rural communities, once considered relatively protected from
lifestyle-related diseases, are increasingly experiencing hypertension, diabetes, cardiovascular
disease, and chronic respiratory illness. However, limited screening, delayed diagnosis, shortages
of trained healthcare personnel, and barriers to continuity of care may result in substantial under-
recognition of disease in these settings [7]. Urban populations, meanwhile, face distinct risks
related to sedentary behaviour, energy-dense diets, occupational stress, air pollution, and metabolic
disorders. These geographic and social variations make nationally aggregated estimates insufficient
for understanding the full epidemiological complexity of NCDs in India [8].

Several modifiable risk factors contribute substantially to the national disease burden. Tobacco
exposure remains an important determinant of cardiovascular disease, chronic respiratory disease,
and cancer, with marked regional and sex-related differences in smoking and smokeless-tobacco
use [9]. Harmful alcohol consumption, physical inactivity, unhealthy dietary patterns, excessive
salt intake, and inadequate consumption of fruits and vegetables further increase the risk of chronic
illness [10]. These behavioral exposures frequently lead to intermediate metabolic abnormalities,
including raised blood pressure, hyperglycemia, dyslipidemia, overweight, and central obesity.
Importantly, these risk factors often cluster within the same individuals and communities,
producing cumulative effects and increasing the likelihood of multimorbidity, disability, and
premature death [11].

The consequences of NCDs extend beyond clinical outcomes. Chronic illness can reduce

productivity, limit household income, increase long-term medication requirements, and expose
families to catastrophic health expenditure. These effects may be especially severe among
socioeconomically disadvantaged populations, who often experience greater exposure to risk
factors while having less access to early detection and effective treatment [12]. Differences by age,
sex, residence, education, occupation, income, and social position must therefore be considered
when evaluating the population burden of NCDs. A comprehensive assessment should examine not
only disease prevalence but also the structural and behavioral conditions that shape unequal health
outcomes [13].
India has introduced several national programmes aimed at preventing, screening, and managing
major NCDs. Nevertheless, important gaps remain in early detection, risk-factor surveillance,
treatment adherence, primary-care integration, and long-term disease control [14]. Evidence is
often derived from individual states, selected urban centers, disease-specific registries, or
healthcare-based samples, limiting its national generalizability. In addition, studies that examine
individual diseases without evaluating shared risk factors may not fully capture the interconnected
nature of the NCD epidemic [4]. A nationwide population-based analysis is therefore essential for
defining temporal trends, identifying high-risk groups, evaluating regional disparities, and
supporting the efficient allocation of preventive and clinical resources [15].
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The present study aimed to examine the epidemiological trends and population burden of major
NCDs in India using nationwide population-based data. It further sought to determine the
distribution of key behavioral and metabolic risk factors and to assess differences according to
demographic, socioeconomic, and geographic characteristics. By integrating disease patterns with
their principal determinants, this analysis is intended to provide a comprehensive account of India’s
evolving NCD landscape and generate evidence to inform risk-based screening, equitable
healthcare planning, and context-specific prevention strategies. The findings may also support
India’s progress towards national and international targets for reducing premature mortality from
NCDs and strengthening universal health coverage.

METHODOLOGY

Study design and data sources

This study used a nationwide, population-based, repeated cross-sectional design combining
estimates from the Global Burden of Disease 2023 study (GBD 2023) with individual-level data
from the fourth and fifth rounds of the Indian National Family Health Survey (NFHS-4 and NFHS-
5). GBD data were used to characterize long-term trends in the burden of major non-communicable
diseases (NCDs) from 1990 to 2023, whereas NFHS data were used to estimate the prevalence and
sociodemographic distribution of selected behavioral and metabolic risk factors.

The two data sources were analyzed independently because GBD provides modelled population-
level estimates, whereas NFHS contains survey-based individual observations. Findings were
subsequently integrated through structured triangulation. No individual-level linkage between the
GBD and NFHS datasets was attempted.

Global Burden of Disease data

GBD 2023 estimates for India were obtained from the Institute for Health Metrics and Evaluation’s
GBD Results Tool. Annual estimates covering 1990-2023 were extracted for both sexes combined
and separately for males and females. Where available, estimates were additionally obtained by age
group and subnational location.

The analysis included the four principal NCD groups: cardiovascular diseases, neoplasms, chronic
respiratory diseases, and diabetes mellitus. Chronic kidney disease was evaluated separately
because of its substantial clinical burden and its close relationship with hypertension and diabetes.
Cause definitions and hierarchical classifications followed the standard GBD cause framework.
The principal measures extracted were incidence, prevalence, deaths, years of life lost, years lived
with disability, and disability-adjusted life years (DALYS). One DALY represents one year of
healthy life lost because of premature mortality or disability. Results were obtained as absolute
numbers and age-standardized rates per 100,000 population. Age-standardized rates were
prioritized for temporal and sex-based comparisons because they reduce the influence of changes
in population size and age structure.

GBD estimates are generated by integrating information from multiple sources, including civil-
registration systems, verbal-autopsy studies, disease registries, population surveys, surveillance
systems, hospital records, and published epidemiological studies. The GBD analytical framework
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applies statistical models to harmonize heterogeneous data, address incomplete reporting, and
produce estimates by year, age, sex, cause, and location. Each estimate is accompanied by a 95%
uncertainty interval derived from 1,000 posterior draws. The lower and upper limits correspond to
the 2.5th and 97.5th percentiles of the ordered draws.

National Family Health Survey data

Individual-level data were obtained from NFHS-4, conducted during 2015-2016, and NFHS-5,
conducted during 2019-2021. Both surveys were implemented by the International Institute for
Population Sciences under the stewardship of the Ministry of Health and Family Welfare,
Government of India. The surveys used nationally representative, stratified, two-stage cluster-
sampling designs covering all Indian states and union territories.

In rural areas, villages generally constituted the primary sampling units, whereas census
enumeration blocks served as the primary sampling units in urban areas. Households were selected
systematically within sampled clusters. Survey questionnaires collected information on household
characteristics, demographic and socioeconomic conditions, health behaviours, nutritional status,
and selected clinical and biochemical measurements.

The NFHS household, women’s, men’s, and biomarker datasets were linked using the standard
survey identifiers. Only participants with valid sampling weights and relevant demographic,
behavioral, anthropometric, or biomarker information were included in the corresponding analyses.
Participants with missing or biologically implausible values were excluded from analyses involving
those variables but were retained for other eligible analyses.

Because the age coverage of some biomarker measurements differed between NFHS rounds, direct
temporal comparisons were restricted to harmonized age and sex groups measured consistently in
both surveys. Round-specific estimates using the full eligible NFHS-5 population were reported
separately and were not interpreted as direct changes from NFHS-4.

Study variables

The NFHS component evaluated modifiable behavioural and metabolic factors associated with
major NCDs. Behavioural factors included current use of smoked or smokeless tobacco, alcohol
consumption, and selected dietary indicators available comparably across the two survey rounds.
Tobacco use was categorised as any current use and, where sample size permitted, as smoking and
smokeless-tobacco use separately.

Anthropometric indicators included body mass index (BMI), calculated as measured weight in
kilograms divided by height in metres squared. Among non-pregnant adults, underweight was
defined as a BMI below 18.5 kg/m?, overweight as a BMI of 25.0-29.9 kg/m?, and obesity as a
BMI of 30.0 kg/m? or higher. Asian-specific BMI thresholds were examined in a sensitivity analysis
where appropriate.

Raised blood pressure was defined according to the NFHS measurement protocol using the mean
of valid repeat measurements. The primary definition included systolic blood pressure of at least
140 mmHg, diastolic blood pressure of at least 90 mmHg, or reported current use of
antihypertensive medication. A secondary analysis evaluated the lower 130/80-mmHg threshold to
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reflect contemporary clinical classification, without replacing the primary survey-comparable
definition.

Raised blood glucose was defined using the NFHS biomarker measurement and survey-specific
thresholds for elevated random blood glucose or reported use of glucose-lowering medication.
Because capillary glucose concentrations may be affected by fasting status and measurement
conditions, glucose findings were interpreted as screening estimates rather than definitive clinical
diagnoses.

Sociodemographic variables included age, sex, place of residence, state or union territory,
educational attainment, marital status, household wealth quintile, religion, caste or social group
where available, and selected household characteristics. The household wealth index was derived
by NFHS using principal component analysis of household assets and amenities and was divided
into population-weighted quintiles.

Outcomes

The primary GBD outcomes were age-standardized mortality and DALY rates for all NCDs and
for each major disease group. Secondary GBD outcomes included incidence, prevalence, years of
life lost, years lived with disability, absolute numbers of deaths and DALYS, and sex- and age-
specific patterns.

The primary NFHS outcomes were the weighted prevalence of tobacco use, alcohol use, overweight
or obesity, raised blood pressure, and raised blood glucose. Secondary outcomes included the
coexistence of two or more modifiable risk factors and inequalities in risk-factor prevalence across
demographic, socioeconomic, and geographic groups.

Statistical analysis

All NFHS analyses incorporated sampling weights, clustering, and stratification to account for the
complex survey design. Weighted prevalence estimates were presented with 95% confidence
intervals. Estimates were generated nationally and stratified by survey round, age group, sex,
residence, wealth quintile, educational attainment, and state or union territory.

Differences between NFHS-4 and NFHS-5 were expressed as absolute percentage-point changes
and relative percentage changes. Comparisons were restricted to harmonised populations and
identically defined variables. Differences were considered statistically supported when the 95%
confidence interval for the absolute change excluded zero. Because statistical significance can be
influenced by the large NFHS sample size, interpretation also considered the magnitude and public-
health relevance of observed differences.

Survey-weighted multivariable logistic regression models were constructed to evaluate factors
associated with each binary risk-factor outcome. Adjusted odds ratios and 95% confidence intervals
were estimated after accounting for age, sex, residence, educational attainment, household wealth,
geographic region, and other relevant covariates. Covariates were selected a priori based on
epidemiological relevance rather than automated significance testing. Multicollinearity was
assessed using variance inflation factors, and model specification was evaluated using appropriate
diagnostic procedures.
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To examine socioeconomic inequality, risk-factor prevalence was compared across wealth quintiles
and educational groups. Where permitted by the data structure, slope indices of inequality and
concentration indices were calculated to quantify absolute and relative socioeconomic gradients.
Sex-, residence-, and wealth-stratified analyses were undertaken to identify population groups
experiencing a disproportionate burden.

For the GBD component, temporal patterns were assessed using annual age-standardised rates and
corresponding 95% uncertainty intervals. Overall percentage change was calculated as:
[\text{Percentage change} = \frac{\text{Rate}{2023}-\text{Rate}{1990}}
{\text{Rate} {1990} }\times100]

Average annual percentage change was estimated from log-linear regression of annual age-
standardized rates. Where temporal patterns were non-linear, join point regression was used to
identify statistically supported changes in trend and to calculate annual percentage changes for each
segment. A trend was considered increasing or decreasing when its 95% confidence interval
excluded zero; otherwise, it was classified as stable.

Integration of GBD and NFHS findings

GBD and NFHS findings were integrated at the interpretation stage using a parallel-results
framework. Long-term changes in mortality, morbidity, and DALY's were considered alongside
changes in the prevalence and distribution of relevant risk factors. Where comparable subnational
estimates were available, ecological associations between state-level risk-factor prevalence and
state-level disease burden were examined using correlation and population-weighted regression
analyses.

These ecological analyses were considered exploratory and were not interpreted as evidence of
individual-level association or causality. Differences in reference years, population coverage,
measurement methods, and statistical uncertainty between GBD and NFHS were explicitly
considered when comparing results.

Sensitivity analyses

Several sensitivity analyses were planned. First, crude and age-standardised GBD rates were
compared to distinguish demographic expansion from changes in underlying disease risk. Second,
NFHS comparisons were repeated using identical age ranges and variable definitions across survey
rounds. Third, alternative BMI and blood-pressure thresholds were examined. Fourth, analyses
were repeated after excluding participants with missing covariate information and were compared
with results obtained using multiple imputation when the extent and pattern of missingness justified
its use. Finally, sex-specific, and rural-urban analyses were performed to evaluate the consistency
of the principal findings across population subgroups.

Software

GBD estimates were downloaded from the GBD Results Tool and organized according to cause,
measure, metric, age, sex, year, and location. NFHS data were analyzed using NFHS data were
analyzed using Stata/MP, version 18.0 (StataCorp LLC, College Station, Texas, USA), with survey
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commands applied to account for sampling weights, clustering, and stratification. Survey estimates
were calculated using procedures appropriate for multistage complex samples. Joinpoint analyses
were performed using the Joinpoint Regression Program, version 6.1.0 (Statistical Research and
Applications Branch, National Cancer Institute, Bethesda, Maryland, USA). All statistical tests
were two-sided, and a P value below 0.05 was considered statistically significant where formal
hypothesis testing was applicable.

RESULTS

Population coverage

The analysis incorporated nationally representative findings from NFHS-4 (2015-2016) and
NFHS-5 (2019-2021). NFHS-4 included 699,686 women aged 15-49 years and 112,122 men aged
15-54 years. For comparisons between survey rounds, estimates were restricted to harmonized age
groups and identically defined indicators.

The biomarker component of NFHS-5 provided particularly extensive national coverage. Blood-
pressure measurements were available for 978,742 women and 846,285 men aged 15 years or older.
Random blood-glucose measurements were available for 956,073 women and 828,082 men.
Among participants aged 15-49 years, the corresponding analytic samples included 699,479
women and 586,210 men for blood pressure and 690,515 women and 578,295 men for random
blood glucose.

Changes in nutritional status

India experienced a clear increase in overweight and obesity between the two survey rounds.
Among women aged 15-49 years, the prevalence of overweight or obesity increased from 21% in
NFHS-4 to 24% in NFHS-5, representing an absolute increase of 3 percentage points. During the
same period, the prevalence of thinness decreased from 23% to 19%, while mean BMI increased
from 21.9 to 22.4 kg/m?2.

A similar transition was observed among men aged 15-49 years. The prevalence of overweight or
obesity increased from 19% to 23%, whereas thinness declined from 20% to 16%. These
simultaneous changes indicated a population-wide shift away from undernutrition and towards
excess body weight, although both forms of malnutrition remained prevalent, Figure 1.
Substantial geographic and socioeconomic inequalities accompanied this transition. In NFHS-5,
33% of urban women were overweight or obese compared with 20% of rural women. Among men,
the corresponding estimates were 30% and 19%. A pronounced wealth gradient was also evident:
overweight or obesity affected 10% of women in the lowest wealth quintile and 39% in the highest
quintile. Among men, prevalence increased from 10% in the lowest quintile to 37% in the highest.
The prevalence of excess body weight also rose markedly with age. Among women, overweight or
obesity increased from approximately 5% at ages 15-19 years to 37% at ages 40-49 years. Among
men, prevalence increased from 7% to 32% across the corresponding age groups. State-level
variation was considerable. Among women, the highest prevalence was reported in Puducherry
(46%), Chandigarh (44%), and Delhi, Tamil Nadu, and Punjab (41% each). Among men, the
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highest estimates occurred in the Andaman and Nicobar Islands (45%), Puducherry (43%), and
Lakshadweep (41%).

Changes in selected NCD risk factors among adults aged 15-49 years

Women
s NFHS-4 (2015-16) [ NFHS-5 (2019-21)
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Source: NFHS-4 and NFHS-5 national reports. Glucose values exclude medication-only cases.

Figure 1. Temporal changes in selected non-communicable disease risk factors among Indian adults.
Comparison of the prevalence of overweight or obesity, tobacco use, alcohol consumption, hypertension, and
raised random blood glucose among women and men aged 15-49 years between NFHS-4 (2015-2016) and
NFHS-5 (2019-2021). Tobacco use declined in both sexes, and alcohol consumption decreased among men,
whereas overweight or obesity, hypertension, and raised blood glucose increased. Glucose estimates in this

figure represent random blood glucose concentrations greater than 140 mg/dL and exclude participants
identified solely through medication use.

Tobacco and alcohol consumption

Tobacco use declined appreciably between NFHS-4 and NFHS-5. Among men aged 15-49 years,
the prevalence of any tobacco use decreased from 45% to 39%, an absolute reduction of 6
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percentage points. Among women, prevalence declined from 7% to 4%, corresponding to a relative
reduction of approximately 43%.

Despite this improvement, tobacco use remained strongly patterned by socioeconomic position and
place of residence. In NFHS-5, tobacco consumption was more common in rural than urban
populations and declined consistently with increasing education and household wealth. Among
men, 59% of those in the lowest wealth quintile used tobacco compared with 22% in the highest
quintile. Tobacco use was also particularly common among scheduled tribes, affecting 52% of men
and 11% of women in this population group.

Alcohol consumption was markedly more common among men than women. The proportion of
men aged 15-49 years reporting alcohol use decreased from 29% in NFHS-4 to 22% in NFHS-5,
representing an absolute reduction of 7 percentage points and a relative reduction of approximately
24%. Alcohol use among women remained close to 1% in both surveys, Figure 2.

Marked subnational differences persisted. In NFHS-5, alcohol use among men was highest in Goa
(59%), Arunachal Pradesh (57%), and Telangana (50%), whereas it was lowest in Lakshadweep
(1%). Among women, the highest prevalence occurred in Arunachal Pradesh (18%) and Sikkim
(15%). Alcohol consumption was also more common among scheduled-tribe populations and
among individuals with limited formal education.

Urban-rural disparities in cardiometabolic risk, NFHS-5
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BMI estimates: ages 15-49; hypertension and glucose estimates: ages 15 years and older.

Figure 2. Urban—rural disparities in cardiometabolic risk factors in India.

Comparison of overweight or obesity, hypertension, and raised random blood glucose or glucose-lowering
medication use among urban and rural populations in NFHS-5 (2019-2021). Urban prevalence exceeded
rural prevalence for all three indicators in both sexes. Overweight or obesity estimates relate to adults aged
15-49 years, whereas hypertension and raised-glucose estimates relate to adults aged 15 years or older.
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Hypertension

Using a consistent definition of systolic blood pressure of at least 140 mmHg, diastolic blood
pressure of at least 90 mmHg, or current antihypertensive treatment, hypertension increased
modestly within the harmonised population aged 15-49 years. Among women, prevalence
increased from approximately 11% in NFHS-4 to 11.7% in NFHS-5. Among men, it increased from
approximately 15% to 16.1%.

When the expanded NFHS-5 population aged 15 years or older was considered, hypertension
affected 21.3% of women and 24.0% of men. An additional 38.5% of women and 49.2% of men
had blood-pressure values within the prehypertensive range. Thus, fewer than half of women and
fewer than one-third of men had blood pressure within the strictly normal range.

Age was strongly associated with hypertension. Among women, prevalence increased from 3.3%
at ages 15-19 years to 56.3% at age 70 years or older. Among men, it increased from 4.6% to
49.4% across the same age groups. Hypertension was already present in 12.9% of women and
19.3% of men aged 30-39 years and in 25.0% of women and 28.4% of men aged 40-49 years.
Hypertension also demonstrated a pronounced relationship with BMI. Among men, prevalence
increased from 8.1% among those who were underweight to 15.8% among those with normal BMI,
30.0% among those who were overweight, and 39.6% among those with obesity. The
corresponding pattern among women was similarly progressive. Urban prevalence exceeded rural
prevalence for both sexes, reaching 23.6% versus 20.2% among women and 26.6% versus 22.7%
among men, Figure 3.

Subnational inequalities were substantial. Sikkim recorded the highest reported prevalence among
both women and men, at approximately 35% and 42%, respectively. Several southern states also
exceeded the national average, indicating that the national estimate concealed important regional
concentrations of cardiovascular risk.
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Hypertension prevalence increases steeply with age
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Figure 3. Age-specific prevalence of hypertension among women and men in India.

Prevalence of hypertension across age groups among adults aged 15 years or older in NFHS-5 (2019-
2021). Hypertension increased markedly with advancing age in both sexes. Hypertension was defined as
systolic blood pressure of at least 140 mmHg, diastolic blood pressure of at least 90 mmHg, or current use
of antihypertensive medication.

Raised random blood glucose

Raised random blood glucose also became more prevalent between survey rounds. Among women
aged 15-49 years, the proportion with glucose concentrations exceeding 140 mg/dL increased from
approximately 6% in NFHS-4 to 7.5% in NFHS-5. When current glucose-lowering treatment was
incorporated, 8.1% of women in this age group met the expanded NFHS-5 indicator.

Among men aged 15-49 years, measured random blood glucose above 140 mg/dL increased from
approximately 8% to 9.1%, while 9.8% had either raised glucose or reported glucose-lowering
treatment. These results represented absolute increases of approximately 1.5 percentage points
among women and 1.8 percentage points among men when treatment status was included.

Within the full NFHS-5 population aged 15 years or older, 13.5% of women and 15.6% of men had
random blood glucose exceeding 140 mg/dL or were taking glucose-lowering medication.
Prevalence increased steeply with age. Among women, the corresponding indicator rose from 3.0%
at ages 15-19 years to 30.0% at age 70 years or older. Among men, it increased from 3.2% to
32.2%, Figure 4.
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Raised glucose was more common in urban than rural populations. Among women, prevalence was
16.3% in urban areas compared with 12.3% in rural areas. Among men, the corresponding estimates
were 17.8% and 14.5%.

A clear association with excess body weight was observed. Among women with valid
anthropometric measurements, the prevalence of raised glucose or medication use increased from
6.5% among those with normal BMI to 13.0% among those who were overweight and 20.2%
among those with obesity. Among men, prevalence increased from 10.1% among those with normal
BMI to 18.4% among those who were overweight and 24.7% among those with obesity.
Socioeconomic gradients were particularly evident among men. The prevalence of raised glucose
or medication use increased from 12.9% in the lowest wealth quintile to 19.5% in the highest. This
pattern contrasted with tobacco consumption, which was concentrated in poorer groups,
demonstrating that different NCD risk factors were distributed unequally across the socioeconomic
spectrum.

Raised random blood glucose increases with age

351 —e— Women

Men
30 A

25 A
20 A

151

Prevalence (%)

10 A

15-19 20-24 25-29 30-39 40-49 50-54 55-59 60-69 70+
Age group (years)

Indicator: random glucose >140 mg/dL or current glucose-lowering medication.

Figure 4. Age-specific prevalence of raised random blood glucose among women and men in India.
Prevalence of raised random blood glucose or glucose-lowering medication use across age groups among
adults aged 15 years or older in NFHS-5 (2019-2021). Prevalence increased progressively with age and
was generally higher among men. The indicator was defined as random blood glucose greater than 140
mg/dL or current use of glucose-lowering medication.
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Integrated pattern of NCD risk

Across the two NFHS rounds, India demonstrated divergent trends in behavioral and metabolic
risk. Tobacco and male alcohol consumption declined, whereas overweight, obesity, hypertension,
and raised blood glucose increased. The rise in metabolic risk occurred in both sexes and was
especially pronounced among older adults, urban residents, wealthier households, and individuals
with excess body weight.

The findings also identified a continuing dual burden. Thinness remained common, affecting 19%
of women and 16% of men aged 15-49 years in NFHS-5, while overweight or obesity affected
24% and 23%, respectively. India was therefore experiencing persistent undernutrition alongside
an expanding burden of adiposity and related cardiometabolic abnormalities, Figure 5.
Geographic patterns were heterogeneous. Several southern states and union territories recorded
high levels of overweight, hypertension, or raised blood glucose, while tobacco and alcohol
exposure remained concentrated in different rural, northeastern, tribal, and socioeconomically
disadvantaged populations. These results indicate that India’s NCD transition is not a uniform

national phenomenon, but a collection of overlapping epidemics shaped by age, sex, socioeconomic
position, and geography.

Cardiometabolic risk rises progressively with BMI among men

B Hypertension
B Raised glucose or medication

39.6

Prevalence (%)

Thin Normal Overweight Obese

NFHS-5, men aged 15 years and older with valid anthropometric measurements

Figure 5. Association between body mass index and cardiometabolic risk among Indian men.

Prevalence of hypertension and raised random blood glucose or glucose-lowering medication use across
body mass index categories among men aged 15 years or older in NFHS-5 (2019-2021). Both outcomes
increased progressively from the underweight category to obesity, demonstrating a strong gradient between
excess body weight and cardiometabolic risk. BMI categories were defined as underweight, less than 18.5
kg/mz2; normal weight, 18.5-24.9 kg/mz; overweight, 25.0-29.9 kg/m2; and obesity, 30.0 kg/m2 or higher.
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DISCUSSION

This nationwide population-based analysis demonstrates that India’s NCD transition is
characterized by opposing trends in behavioral and metabolic risk. Between NFHS-4 and NFHS-
5, tobacco use declined in both sexes and alcohol consumption decreased among men. These
favorable behavioral changes were accompanied, however, by increasing overweight and obesity,
hypertension, and raised blood glucose [16-20]. The burden was distributed unequally across age
groups, sexes, socioeconomic strata, residential settings, and geographic regions. Collectively,
these findings indicate that India is not experiencing a uniform transition from communicable to
non-communicable disease, but rather a convergence of persistent undernutrition, increasing
adiposity, cardiometabolic dysfunction, and socially patterned behavioral exposures.

One of the most important findings was the continued rise in excess body weight. Overweight
or obesity increased among both women and men aged 15-49 years, while thinness declined but
remained common. India therefore faces a dual nutritional burden rather than a simple replacement
of undernutrition by obesity [21]. This coexistence has important implications for health policy
because interventions directed exclusively towards caloric deficiency may be insufficient in
populations increasingly exposed to energy-dense foods, refined carbohydrates, sedentary
behavior, and reduced occupational physical activity. Nutritional programmes must consequently
evolve from a narrow focus on weight gain towards the promotion of healthy growth, appropriate
body composition, dietary quality, and lifelong metabolic health [22-25].

The increase in overweight and obesity was especially pronounced in urban populations, older
adults, and wealthier households. These patterns are consistent with an early-to-intermediate stage
of the obesity transition, in which excess body weight initially becomes concentrated among
socioeconomically advantaged groups with greater access to processed foods, motorised transport,
sedentary occupations, and discretionary consumption [26]. Nevertheless, international experience
suggests that the burden may progressively shift towards disadvantaged populations as unhealthy
foods become less expensive and opportunities for physical activity decline. India may therefore
face a widening metabolic burden unless preventive measures are implemented before obesity
becomes deeply established across all socioeconomic groups [27-33].

The strong age gradient in overweight and obesity is clinically important [34]. More than one-
third of women and approximately one-third of men aged 40-49 years were overweight or obese
in NFHS-5. This pattern suggests prolonged exposure to metabolic risk before entry into older age,
when cardiovascular, renal, and malignant complications become more frequent [35-38].
Preventive strategies should therefore begin in adolescence and early adulthood rather than being
initiated only after hypertension, diabetes, or cardiovascular disease has developed. Reproductive-
age women require particular attention because maternal adiposity and hyperglycemia may
influence pregnancy outcomes and contribute to the intergenerational transmission of obesity and
metabolic disease [39].

The findings also demonstrate a substantial and increasing burden of hypertension. Although the
rise between NFHS rounds was modest within the harmonized population aged 15-49 years,
NFHS-5 showed that approximately one in five adult women and one in four adult men aged 15
years or older had hypertension. An even larger proportion had blood-pressure measurements in
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the prehypertensive range [40-43]. The combined population requiring either treatment or sustained
preventive intervention is therefore considerably larger than the proportion meeting the
conventional diagnostic threshold.

Hypertension increased sharply with age but was already common among adults aged 30-39
years. This is concerning because earlier onset extends lifetime exposure to elevated blood pressure
and increases the cumulative risk of stroke, ischemic heart disease, heart failure, chronic kidney
disease, and premature mortality [44]. The higher prevalence among men during early and middle
adulthood may reflect differences in visceral adiposity, tobacco and alcohol exposure, dietary
behavior, occupational stress, healthcare utilization, and biological susceptibility. At older ages,
the narrowing and partial reversal of the sex difference may be influenced by postmenopausal
vascular changes and longer survival among women [45].

Only a small proportion of adults had normal blood pressure while receiving antihypertensive
medication, suggesting important deficiencies in detection, treatment initiation, adherence,
therapeutic intensification, or long-term control [46-47]. Because a single survey encounter cannot
distinguish among these mechanisms, the findings should not be interpreted as a direct measure of
clinical management quality [48]. Nevertheless, they indicate that population screening alone will
be insufficient unless it is linked to confirmatory diagnosis, affordable medication, treatment
continuity, and effective monitoring within primary care [49].

Raised random blood glucose followed a pattern similar to hypertension. Prevalence increased
between survey rounds and rose substantially with age, urban residence, household wealth, and
BMI. Among adults aged 15 years or older, raised glucose or glucose-lowering medication use
affected approximately one in seven women and one in six men. These estimates identify a large
population requiring confirmatory assessment, although random capillary glucose measurements
should not be interpreted as equivalent to a clinical diagnosis of diabetes [7].

The relationship between BMI and cardiometabolic abnormalities was particularly striking.
Among men, hypertension increased from 8.1% in those who were underweight to 39.6% in those
with obesity, while raised glucose or medication use increased from 6.1% to 24.7%. Comparable
patterns were evident among women [50]. These gradients support the biological and public-health
importance of excess adiposity, while also showing that hypertension and abnormal glucose are not
confined to individuals with obesity. Screening strategies based solely on visibly elevated body
weight would therefore miss a substantial proportion of at-risk adults, particularly within South
Asian populations, in whom metabolic risk may occur at comparatively lower BMI values and
greater central adiposity [51].

The simultaneous rise in hypertension, raised glucose, and excess body weight suggests that
India’s future NCD burden will be increasingly driven by interacting metabolic factors rather than
isolated conditions. These disorders commonly cluster within individuals and share upstream
determinants, including poor diet, physical inactivity, sleep disturbance, air pollution, psychosocial
stress, and adverse early-life exposures [52]. A fragmented disease-specific approach may
consequently be less effective than integrated cardiometabolic risk assessment incorporating blood
pressure, glucose, adiposity, tobacco exposure, and cardiovascular-risk counselling during the same
primary-care encounter [53].
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In contrast to the adverse metabolic trends, tobacco use declined substantially among both sexes.
The reduction was particularly marked among women, while male tobacco use decreased by six
percentage points [54]. These changes may reflect the cumulative effects of tobacco-control
legislation, taxation, package warnings, restrictions on advertising, public awareness, and changing
social norms. However, tobacco exposure remained extremely common among men and was
concentrated in rural communities, scheduled tribes, individuals with limited education, and poorer
households. The persistence of smokeless-tobacco consumption is especially relevant in India
because interventions designed primarily around cigarette smoking may fail to address culturally
embedded products such as gutkha, khaini, and tobacco-containing paan [55].

The inverse socioeconomic gradient in tobacco use contrasted with the positive wealth gradient
observed for obesity and raised glucose. This divergence illustrates why NCD prevention cannot
rely on a single concept of vulnerability. Poorer and rural populations may experience greater
exposure to tobacco, limited screening, and delayed access to treatment, whereas affluent and urban
populations currently carry a greater burden of adiposity and metabolic dysfunction. Public-health
programmes must therefore combine universal measures with interventions tailored to the
dominant risks within particular population groups [56].

Alcohol consumption also declined among men, while remaining uncommon among women at
the national level. National averages, however, concealed substantial geographic variation, with
considerably higher alcohol use in Goa, Arunachal Pradesh, Telangana, and selected tribal
populations. This heterogeneity may reflect differences in cultural practices, alcohol availability,
regulation, religious composition, and reporting norms. The very low reported prevalence among
women should also be interpreted cautiously because social desirability and stigma may contribute
to under-reporting. Regionally adapted alcohol-control policies may be more effective than
strategies based solely on national prevalence [8].

Marked state and union-territory differences were evident across nearly all evaluated risk factors.
Several southern states and union territories had high levels of obesity, hypertension, or raised
glucose, whereas tobacco and alcohol exposure were concentrated in different geographic and
social populations. These patterns probably reflect differences in urbanization, dietary transition,
population ageing, income, education, cultural practices, health-system capacity, and detection
[56]. National policies should therefore provide a common preventive framework while allowing
states to allocate resources according to their specific epidemiological profiles [57].

The findings have several implications for India’s NCD response. First, opportunistic screening
should be strengthened through primary-care platforms, but screening must be connected to
diagnosis, treatment, follow-up, and referral. Second, prevention should begin earlier in life, given
the emergence of hypertension and raised glucose in adults younger than 40 years. Third, food and
urban policies should support healthier diets, reduce excessive salt, sugar, and trans-fat
consumption, and create safe opportunities for physical activity. Fourth, tobacco-control efforts
should prioritize rural, tribal, socioeconomically disadvantaged, and smokeless-tobacco-using
populations. Finally, surveillance systems should monitor combinations of risk factors and
treatment outcomes rather than reporting prevalence indicators in isolation [58].
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This study has important strengths. It used two large, nationally representative surveys with
standardized questionnaires, anthropometric measurements, blood-pressure assessment, and
biochemical screening. Harmonization of age groups and indicator definitions improved the
validity of temporal comparisons. The inclusion of demographic, socioeconomic, residential, and
geographic dimensions provided a more informative account of NCD risk than national averages
alone [59].

Several limitations should also be acknowledged. First, the NFHS surveys were cross-sectional
and therefore cannot establish temporal or causal relationships at the individual level. Second,
tobacco and alcohol use were self-reported and may have been affected by recall error or social-
desirability bias, particularly among women. Third, random capillary glucose is a screening
measurement and cannot replace fasting plasma glucose, glycated hemoglobin, or repeated
diagnostic testing. Fourth, blood pressure measured during a single survey encounter may
overestimate or underestimate sustained hypertension despite the use of repeated readings. Fifth,
some differences between survey rounds may reflect changes in population coverage, measurement
protocols, or indicator definitions. Comparisons were therefore restricted to harmonized age groups
whenever possible. Sixth, BMI does not directly measure central or visceral adiposity and may
underestimate metabolic risk among South Asian populations. Finally, the aggregate comparisons
do not demonstrate that changes in particular risk factors directly caused changes in disease burden.

CONCLUSIONS

India is undergoing a complex and unequal epidemiological transition characterised by declining
tobacco use and male alcohol consumption but an expanding burden of overweight, obesity,
hypertension, and raised blood glucose. These metabolic risks increased in both sexes and were
strongly associated with advancing age, urban residence, household wealth, and excess body
weight. At the same time, persistent thinness demonstrates that the country continues to face a dual
burden of undernutrition and metabolic disease. Marked socioeconomic and geographic differences
indicate that a uniform national response will be insufficient. India requires integrated, population-
specific strategies combining early cardiometabolic screening with confirmatory diagnosis,
accessible treatment, long-term follow-up, healthier food environments, opportunities for physical
activity, and sustained tobacco and alcohol control. Particular attention should be directed towards
younger adults, rural and tribal communities, socioeconomically disadvantaged tobacco users, and
populations experiencing rapidly increasing obesity and metabolic abnormalities.

Strengthening primary healthcare and linking surveillance to continuous risk-factor management
will be essential to prevent premature cardiovascular, renal, diabetic, and other NCD complications.
Without timely and coordinated intervention, the increasing metabolic burden may outweigh the
progress achieved in reducing selected behavioral risks. A life-course, equity-oriented, and
geographically responsive approach is therefore necessary to reduce premature NCD mortality and
support India’s progress towards universal health coverage.
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Graphical Abstract

INDIA'S NON-COMMUNICABLE DISEASE TRANSITION

Nationwide comparison of NFHS-4 (2015-16) and NFHS-5 (2019-21)
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KEY MESSAGE Behavioural progress is being challenged by a rapidly expanding, unequal metabolic burden.

*Random blood glucose >140 mg/dL or current glucose-lowering medication. Source: NFHS-4 and NFHS-5 national reports.
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