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Summary
Background Non-communicable disease (NCD) rates are rapidly increasing in India with wide regional variations. We
aimed to quantify the prevalence of metabolic NCDs in India and analyse interstate and inter-regional variations.

Methods The Indian Council of Medical Research-India Diabetes (ICMR-INDIAB) study, a cross-sectional population-
based survey, assessed a representative sample of individuals aged 20 years and older drawn from urban and rural
areas of 31 states, union territories, and the National Capital Territory of India. We conducted the survey in multiple
phases with a stratified multistage sampling design, using three-level stratification based on geography, population
size, and socioeconomic status of each state. Diabetes and prediabetes were diagnosed using the WHO criteria,
hypertension using the Eighth Joint National Committee guidelines, obesity (generalised and abdominal) using the
WHO Asia Pacific guidelines, and dyslipidaemia using the National Cholesterol Education Program—Adult
Treatment Panel III guidelines.

Findings A total of 113 043 individuals (79 506 from rural areas and 33 537 from urban areas) participated in the ICMR-
INDIAB study between Oct 18, 2008 and Dec 17, 2020. The overall weighted prevalence of diabetes was 11-4% (95% CI
10-2-12-5; 10151 of 107119 individuals), prediabetes 15-3% (13-9-16-6; 15496 of 107119 individuals), hypertension
35-5% (33-8-37-3;35172 0f 111439 individuals), generalised obesity 28- 6% (26-9-30-3; 29 861 0f 110 368 individuals),
abdominal obesity 39-5% (37-7-41-4; 40121 of 108 665 individuals), and dyslipidaemia 81-2% (77-9-84-5; 14895 of
18492 of 25647). All metabolic NCDs except prediabetes were more frequent in urban than rural areas. In many
states with a lower human development index, the ratio of diabetes to prediabetes was less than 1.

Interpretation The prevalence of diabetes and other metabolic NCDs in India is considerably higher than previously
estimated. While the diabetes epidemic is stabilising in the more developed states of the country, it is still increasing
in most other states. Thus, there are serious implications for the nation, warranting urgent state-specific policies and
interventions to arrest the rapidly rising epidemic of metabolic NCDs in India.

Funding Indian Council of Medical Research and Department of Health Research, Ministry of Health and Family
Welfare, Government of India.

Copyright © 2023 Elsevier Ltd. All rights reserved.

Introduction

South Asia, home to nearly a quarter of the world’s
population, is currently undergoing an epidemiological
transition with an explosion in the prevalence of non-
communicable diseases (NCDs)."”” India, the largest
country in the region, is also the largest contributor to
the NCD burden. Several studies conducted over the last
two decades have revealed the high total burden of
diabetes, hypertension, and dyslipidaemia in India.**
However, most of these studies have relied on self-report
of these conditions, do not use robust methodology for
diagnosis, represent secondary analyses of data from
surveys not specifically focused on NCDs, or are not truly
representative of the population of the country. Also,

none of these studies provide information on the
prevalence of prediabetes, which limits their utility in
assessing the current status of the diabetes epidemic
in India and predicting its future trajectory. Furthermore,
as regions and states in India differ widely from each
other in ethnic composition, dietary habits, and
socioeconomic development, overall NCD estimates for
the country are likely to mask wide inter-regional and
intraregional differences. Provision of health care is the
responsibility of states in India; therefore, obtaining
granular state-level data is of utmost importance to
enable state governments to plan and implement
programmes aimed at preventing and managing NCDs
in their respective jurisdictions. This assumes particular
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Articles

Research in context

Evidence before this study

We searched PubMed, Google Scholar, IndMED, and the
Cochrane Database of Systematic Reviews, and scanned
relevant reference lists and review articles, for studies
published before April 10, 2023, reporting on the prevalence of
non-communicable diseases (NCDs) among Asian Indians,
using the key words “diabetes”, “prediabetes”, “metabolic
NCDs”, “hypertension”, “obesity”, “dyslipidemia”, “urban”,
“rural”, “India”, "Asian Indians”, and “South Asians”. We used

a combination of MeSH terms and free text for the search,
which was limited to publications in English. The key inclusion
criteria were original studies (published or reports),
participants aged 20 years or older, and studies conducted in
Asian Indians. Available evidence suggests a high and
increasing prevalence of diabetes, hypertension, dyslipidaemia,
and obesity in India. However, many of the studies retrieved
relied on self-report of these conditions, lacked robust
methodology for diagnosis, or represented secondary analyses
of data from surveys not specifically focused on NCDs. Many of
them were also not conducted on a truly representative
population of India, which limits their utility in assessing
intraregional and inter-regional differences in disease
prevalence and the generalisability of their results to the whole
of a vast and diverse country such as India.

Added value of this study

The present report from the Indian Council of Medical
Research-India Diabetes (ICMR-INDIAB) study, the largest
nationally representative population-based study on diabetes
and metabolic NCDs undertaken in India covering all 28 states

importance in view of recent evidence that mortality and
morbidity due to NCDs is much higher in low-income
and middle-income countries such as India, compared
with wealthier nations.”

The Indian Council of Medical Research-India
Diabetes (ICMR-INDIAB) study is the largest survey on
diabetes and other metabolic NCDs undertaken in
India, and covers all 28 states, two of the union
territories, and the National Capital Territory of Delhi
(hereafter referred to as states and union territories).®
The present paper analyses the results of the ICMR-
INDIAB study to quantify the prevalence of metabolic
NCDs, namely diabetes, hypertension, obesity, and
dyslipidaemia in a representative sample of adults in
both urban and rural India, and attempts to identify
region-wise and state-wise differences in the status of
these NCDs in the country.

Methods

Sampling and study population

The ICMR-INDIAB study is a cross-sectional,
population-based survey of adults aged 20 years and
older.*® The methodological details of the study have
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of the country, two union territories, and the National Capital
Territory of Delhi, shows that India now has a much higher
prevalence of metabolic NCDs than shown by previous
estimates. The study reports on the prevalence of diabetes and
prediabetes in different states of India using robust sampling
and diagnostic methods and therefore helps in assessing the
present status of the diabetes epidemic and its likely future
trajectory. The diabetes epidemic is in transition in India, with
some of the states having already peaked while others are still
in the early take-off stage. The study also shows that while the
prevalence rates of diabetes, hypertension, obesity, and
dyslipidaemia are higher in urban areas, the rural prevalence
rates are much higher than previously reported.

Implications of all the available evidence

There is a sizeable population in India at risk of cardiovascular
disease and other long-term organ complications due to
metabolic NCDs, which are likely to pose a major public health
challenge in the near future. There is also evidence that the NCD
epidemic is spreading to rural areas, which lack the health
infrastructure needed to effectively diagnose and manage these
conditions. This calls for urgent government-level initiatives for
prevention and management of NCDs through strengthening
of the public health-care system and reorientation of priorities
in provision of health care. The granular state-level data on
these NCDs will be of particular interest to state governments
in India, which are primarily responsible for providing health
care in their respective jurisdictions and will enable them to
design evidence-based interventions to effectively arrest the
progress of NCDs and manage their complications.

been published elsewhere.® Briefly, the study sampled
urban and rural residents in 31 states and union
territories of India using a stratified multistage
sampling design.® In order to obtain a truly repre-
sentative sample of the population, we used three-level
stratification based on geography, population size, and
socioeconomic status of each state. The primary
sampling units were villages in rural areas and census
enumeration blocks in urban areas. Using a systematic
sampling method, 24 and 56 households were selected
from urban and rural areas, respectively. Door-to-door
assessment was done and from each household,
one individual was selected based on the WHO Kish
method,” to avoid selection bias with respect to sex and
age. The study was conducted in a phased manner
between November, 2008, and December, 2020. In
phase 1, four regions representing the south
(Tamil Nadu), north (Chandigarh), east (Jharkhand),
and west (Maharashtra) of the country were studied
from Oct 18, 2008, to April 16, 2010. The remaining
states were surveyed as follows: phase 2 consisted of
undivided Andhra Pradesh (subsequently divided
into Andhra Pradesh and Telangana), Bihar, Gujarat,
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Karnataka, and Punjab (survey period, Sept 24, 2012, to
July 26, 2013), the north east phase included Assam,
Arunachal Pradesh, Manipur, Meghalaya, Mizoram,
Nagaland, Sikkim, and Tripura (survey period,
Dec 5, 2011, to Nov 14, 2017), phase 3 included Delhi,
Madhya Pradesh, Rajasthan, and Uttar Pradesh (survey
period, Aug 24, 2017, to March 8, 2018), phase 4 included
Kerala, Goa, Puducherry, Haryana, and Chhattisgarh
(survey period, Dec 10, 2018, to July 10, 2019), and
phase 5 included Himachal Pradesh, Uttarakhand,
Odisha, and West Bengal (survey period, Sept 1, 2019 to
Dec 31, 2020). Details of the sampling strategy and
phases have been published previously.*”

Individuals who were temporarily away from home
during the survey period and those who were terminally
ill were excluded.

The study was approved by the Institutional Ethics
Committee of the Madras Diabetes Research Foundation
and individual states, and written informed consent was
obtained from all study participants.

Procedures

In all individuals, a standardised, structured question-
naire was used to collect information on demographic
and socioeconomic characteristics. Weight, height,
waist circumference, and blood pressure were measured
and BMI calculated using standardised techniques
(details in appendix p 14).” In all individuals, capillary
blood glucose (CBG) measurement was performed
using a glucose meter (One Touch Ultra, LifeScan
Johnson & Johnson, Milpitas, CA, USA) after ensuring
an overnight fast of at least 8 h. In individuals without
a previous diagnosis of diabetes, an oral glucose
tolerance test (OGTT) was done using an 82-5 g oral
glucose load (equivalent to 75 g of anhydrous glucose)
and the 2 h postload CBG was estimated, whereas in
those with self-reported diabetes, only fasting blood
glucose was measured. In all individuals with diabetes
and on every fifth individual, a venous sample was
drawn for assessment of HbA, and lipids. Samples
were centrifuged within 1h at the survey site, and serum
was transferred to separate labelled vials and temporarily
stored in —20°C freezers until they were transferred to
the central laboratory in Chennai. All biochemical
assays were carried out by the same team of laboratory
technicians using standardised methods throughout the
study period.

HbA, was estimated by high-pressure liquid
chromatography using the Variant II Turbo machine
(Bio-Rad, Hercules, CA, USA), which is certified by the
National Glycohemoglobin Standardization Program as
having documented traceability to the Diabetes Control
and Complications Trial reference method.” Serum
cholesterol (cholesterol esterase oxidase—peroxidase—
amidopyrine method), serum triglycerides (glycerol
phosphate oxidase—peroxidase—amidopyrine method),
and high-density lipoprotein cholesterol (direct

method: immunoinhibition) were measured using the
Olympus 2700/480 automated biochemistry analyser
(Fullerton, CA, USA) from 2008 to 2015, and Beckman
Coulter AU 680 clinical chemistry analyser (Fullerton,
CA, USA) from 2016 to 2021.

Outcomes
Outcomes of interest were diabetes, prediabetes,
dysglycaemia, hypertension, generalised obesity,
abdominal obesity, and dyslipidaemia. Projection
estimates for each of the metabolic NCDs were also
reported for the year 2021. Self-reported or known
diabetes was defined based on a physician diagnosis
of diabetes or current (in the past 6 months) use of
medications for diabetes (insulin or oral hypoglycaemic
agents). Physician diagnosis of diabetes was checked
against medical reports or prescription for validity,
which also helped to define the date and year of
diagnosis. In those without a self-reported diagnosis,
diabetes and prediabetes (impaired fasting glucose
[IFG] and impaired glucose tolerance [IGT]) were
diagnosed using OGTT, HbA,, or a combination of
OGTT and HDbA,. For the OGTT, diabetes was
defined as per the WHO consultation group report
recommendations®—ie, fasting CBG of 126 mg/dL
(7-0 mmol/L) or higher, or 2-h post-oral glucose load
CBG of 220 mg/dL (12-2 mmol/L) or higher. Isolated
IFG was diagnosed if individuals had a fasting CBG of
110 mg/dL (6-1 mmol/L) or higher but less than
126 mg/dL (7-0 mmol/L), and 2-h post-glucose CBG of
less than 160 mg/dL (8-9 mmol/L).” Isolated IGT was
diagnosed if individuals had a 2-h post-oral glucose
load CBG of 160 mg/dL (8-9 mmol/L) or higher but
less than 220 mg/dL (12-2 mmol/L), and fasting CBG
of less than 110 mg/dL (6-1 mmol/L).” Prediabetes
was defined as the presence of IFG, IGT, or
both.”” Dysglycaemia was defined as the presence of
prediabetes or diabetes. We also assessed the prevalence
of IFG using the American Diabetes Association
(ADA) criteria”—ie, fasting CBG 100-125 mg/dL
(5-6-6-9 mmol/L)—and of diabetes and prediabetes
using HbA, cutoffs of 6-5% (48 mmol/mol) or higher
and 5-7-6-4% (39—-46 mmol/mol), respectively.”
Generalised obesity was defined as a BMI of 25 kg/m?
or higher, and abdominal obesity was defined as a waist
circumference of 90 cm or higher for men and 80 cm or
higher for women (based on WHO Asia Pacific
guidelines).” Hypertension was defined as a systolic blood
pressure of 140 mm Hg or higher, or a diastolic
blood pressure of 90 mm Hg or higher, or treatment with
antihypertensive drugs (Eighth Joint National Committee
criteria).* For defining dyslipidaemia, National Cholesterol
Education Programme—Adult Treatment Panel III guide-
lines® were used as follows: hypercholesterolaemia—
serum cholesterol concentrations of 200 mg/dL
(5-2 mmol/L) or higher; hypertriglyceridaemia—serum
triglyceride concentrations of 150 mg/dL (1-7 mmol/L)
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or higher; low HDL cholesterol—HDL cholesterol
concentrations of less than 40 mg/dL (1-04 mmol/L) for
men and less than 50 mg/dL (1-3 mmol/L) for women;
high LDL cholesterol—LDL cholesterol concentrations of
130 mg/dL (3-4 mmol/L) or higher calculated using the
Friedewald equation.”® The intra-assay and inter-assay
coefficients of variation for biochemical assays conducted
at the central laboratory ranged between 3-1% and 7-6%.

Statistical analysis

The sample size was calculated separately for urban and
rural areas, as previous studies have shown large
variations between urban and rural prevalence of
diabetes. Assuming a prevalence of 10% in urban areas
and 4% in rural areas, allowing for margin of error of
20% of prevalence, a non-response rate of 20%, and
level of significance of 5%, the sample size was
estimated to be 1200 in urban areas and 2800 in rural
areas in each of the states studied, with a total of
4000 individuals per state (details in appendix pp 1-8).
Estimates for continuous variables are shown as mean
(SE) and for categorical variables as proportions
(95% CI). Sampling weights were calculated to account
for sampling at different levels within each state
(appendix pp 1-10). We used the proc survey (frequency/
mean) procedure, an approach that produces n-way
tables from complex multistage survey designs with
stratification, clustering, and weighting. To account for
the multistage complex survey design of the study, all
the key survey elements were used in the statistical
analysis.” The primary sampling unit was accounted
for as the cluster, the normalised weight was
accounted for as the final study weight, and the state
was accounted for as the stratum to estimate population
means, variance, and proportions. To compare the mean
and percentage of variables between two groups (urban
and rural, and male and female), survey-adjusted
linear regression and the Wald ¥2 test were applied,
respectively.

For subgroup analysis, the Indian states were divided
into six geographical zones: north (Chandigarh, Delhi,
Haryana, Himachal Pradesh, Punjab, and Rajasthan),
south (Andhra Pradesh, Telangana, Karnataka, Kerala,
Puducherry, and Tamil Nadu), east (Bihar, Jharkhand,
Odisha, and West Bengal), west (Goa, Gujarat, and
Maharashtra), central (Chhattisgarh, Madhya Pradesh,
Uttar Pradesh, and Uttarakhand), and northeast
(Arunachal Pradesh, Assam, Manipur, Meghalaya,
Mizoram, Nagaland, Sikkim, and Tripura).

To account for the different time periods of the survey,
the analytical strategy we used is akin to standardising
estimates according to age, sex, and region to obtain the
current prevalence of cardiometabolic risk factors in
each state. The information from the National Family
Health Survey-5 (NFHS-5) was used for the stan-
dardisation.” Similar assumptions have been made by
the International Diabetes Federation while making
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future projections for diabetes.” The purpose of this
standardisation was to ensure that population ageing
and other demographic trends were accounted for when
estimating diabetes in states that were sampled in
earlier time periods. Minimal assumptions were made
about changes in the population that possibly affected
diabetes prevalence during the study period. We
therefore focus only on region, sex, and age, as these are
known factors that contribute to diabetes prevalence
that are themselves changing in the population, and
therefore could drive secular changes in diabetes
prevalence.

NFHS-5 study weights were computed for subgroups
defined by region, sex, and age (10-year intervals)
following the complex survey design. The weights
assigned to each subgroup based on the NFHS-5
household dataset were multiplied by the weighted
prevalence in the respective subgroup. The prevalence of
each cardiometabolic risk factor in the specific state was
calculated by adding the re-weighted prevalence of all
subgroups. The weighting procedure using information
from NFHS-5 is illustrated in detail in the appendix
(pp 11-13).

The estimated adult population (=20 years) of India for
the year 2021 from the population projections published
by the Ministry of Health and Family Welfare, Government
of India,® was used for estimating the numbers of
individuals with diabetes, prediabetes, dysglycaemia,
hypertension, obesity, and dyslipidaemia. Projection
estimates were calculated among adults aged 20 years or
older by the direct method to the 2021 India Census
projected population. For the direct method, we used the
region, age, and sex standardised prevalence obtained
from the pooled results from the 31 states and union
territories and multiplied it by the 2021 India Census
projected population. a was set at 0-05 to determine
statistical significance. To analyse data, we used SAS
(version 9.4).

Role of the funding source

This study was funded by Indian Council of Medical
Research and Department of Health Research, Ministry
of Health and Family Welfare, Government of India.
Some members of the funding source provided scientific
inputs for the study, were involved in quality control, and
helped to revise the manuscript.

Results

Overall, from all 31 states and union territories,
119022 individuals were assessed for eligibility, of whom
113043 individuals (33537 from wurban areas and
79506 from rural areas) participated in the study (response
rate: 95-0%) between Oct 18, 2008 and Dec 17, 2020.
A total of 5979 individuals were not included in the study
due to the following reasons: refused to participate
(n=3780), not available (n=1369), or their house was locked
(n=830) during the survey period.
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We have included data from the following numbers
of individuals for analysis of various cardiometabolic
risk factors: diabetes or prediabetes—107119; hyper-
tension—111439; generalised obesity—110 368; abdominal
obesity—108665; and dyslipidaemia—18492 (available
only in every fifth participant).

The mean age of the 113043 individuals studied
was 43-0 years, 52602 (46-5%) were male, and
30119 (weighted proportion 26-9%) had no formal
education (table 1). Compared with their rural
counterparts, urban residents were significantly
younger, and had higher BMI, waist circumference,
diastolic blood pressure, and educational attainment.
The glycaemic (urban vs rural: fasting blood glucose
105 mg/dL vs 100 mg/dL, p<0-0001) and lipid parameters
(total cholesterol 175 mg/dL vs 167 mg/dL, p<0-0001;
LDL cholesterol 104 mg/dL vs 99 mg/dL, p<0-0001) were
significantly higher among urban residents. Males were
older, were better educated, and had lower BMI
but higher blood pressure, triglycerides, and HbA,
compared with females.

The overall weighted prevalence of diabetes by
OGTT was 11-4% (95% CI 10-2-12-5; 10151
of 107119 individuals), with significantly higher
prevalence in urban compared with rural areas (urban
areas 4272 [16-4%)] of 31560 individuals vs rural areas
5879 [8-9%] of 75559, p<0-0001), and among males

compared with females (males 4978 [12-1%)] of
49706 individuals vs females 5173 [10-7%] of 57413,
p<0-0001) (table 2). The weighted prevalence of
diabetes was higher when diagnosed using HbA,
(13-3% [10-4-16-2]; 2082 of 18090 individuals) and
highest when using a combination of OGTT and HbA
(21-1% [17-6-24-5]; 3368 of 18366 individuals;
appendix p 18).

The weighted prevalence of IFG (by WHO cutoff) was
10-1% (95% CI 9-0-11-2; 10449 of 107119 individuals)
and that of IGT was 3-3% (2:-6-4-0; 3276 of
107119 individuals). IFG prevalence was significantly
higher among females and IGT among males.
Prevalence of IFG and IGT was similar in urban
and rural areas. The overall weighted prevalence
of prediabetes was 15-3% (13-9-16-6; 15496 of
107119 individuals; table 2). Sensitivity analysis using
the ADA criteria® for diagnosing IFG (ie, fasting glucose
100-125 mg/dL) demonstrated a nearly three-fold
increase in prevalence of IFG to 27-6% (26-0-29-3;
29073 of 107119 individuals). Using the ADA criteria,
the overall prevalence of prediabetes was 32-8%
(31-1-34-6; 34120 of 107119 individuals; appendix p 15).
The weighted prevalence of prediabetes by HbA, was
21-0% (17-5-24-6; 3561 of 18090 individuals) and by
using a combination of OGTT and HbA, was 26-6%
(22-8-30-4; 4733 of 18 366 individuals; appendix p 18).

Urban (n=33537) Rural (n=79506)  p value* Male (n=52602) Female (n=60441) p valuet Overall (n=113 043)
Age, years 42-1(0-15) 43-4(010) p<0-0001 44-0 (0-11) 421 (0:09) p<0-0001 430 (0-09)
Education
No formal schooling 162% (15-3-171) 32:0% (312-327  p<0-0001 17:2% (16-6-17-8)  353% (34-5-36:0) p<0-0001 26-9% (26:3-27-5)
Primary school, high school, or higher 64-4% (63-4-65-3) 603% (59-6-61-0) p<0-0001 67-5% (66-8-68-1) 56-6% (55:9-57-3) p<0-0001 61-6% (61-1-62-2)
secondary school
Technical, undergraduate, or postgraduate ~ 19-4% (18-3-20-5) 7-7% (7-3-81) p<0-0001 15-3% (14-7-15-9) 81% (7-7- 8'5) p<0-0001 11.5% (11-0-11.9)
education
Anthropometry
BMI, kg/m? 24-0 (0-06) 222 (0:03) p<0-0001 22:5(0-03) 23-1(0-04) p<0-0001 22:8(0-03)
Waist circumference, cm 843 (0-17) 795 (0-11) p<0-0001 825 (0-10) 79-8 (0-11) p<0-0001 811(0-10)
Blood pressure
Systolic blood pressure, mm Hg 129 (0-24) 129 (0-15) p=0-054 131(0-14) 127 (0-15) p<0-0001 129 (0-13)
Diastolic blood pressure, mm Hg 82 (0-15) 81(0-09) p<0-0001 82 (0-09) 80 (0-08) p<0-0001 81(0-07)
Glycaemic parameters
Fasting blood glucose (mg/dL) 105 (0-34) 100 (0-18) p<0-0001 101 (0-21) 102 (0-21) p=0-016 102 (0:17)
2-h post-glucose blood glucose, mg/dL 123 (0-39) 118 (0-28) p<0-0001 119 (0-29) 120 (0-26) p=0-013 120 (0-23)
HbA, 5.8% (0-03) 5-5% (0-01) p<0-0001 5:7% (0-02) 5-6% (0-02) p=0-27 5.6% (0-01)
Lipid parameterst
Total serum cholesterol, mg/dL 175 (0-78) 167 (0-53) p<0-0001 169 (0-57) 170 (0-59) p<0-0001 170 (0-44)
Serum triglycerides, mg/dL 149 (2-05) 136 (1:07) p<0-0001 153 (1-41) 128 (1-29) p<0-0001 140 (0-98)
Serum HDL cholesterol, mg/dL 40-8 (0:22) 411(0-14) p=0-0011 397 (0-16) 423(015) p<0-0001 410 (0-12)
Serum LDL cholesterol, mg/dL 104 (0-70) 99 (0-43) p<0-0001 99 (0-47) 103 (0-52) p<0:0001  101(0-37)
Total cholesterol to HDL cholesterol ratio 4-56 (0-03) 428 (0-02) p<0-0001 4-52(0-02) 4-21(0-02) p<0-0001 436 (0-02)
Data are mean (SE) or percentage (95% Cl). *For urban vs rural residence. tFor male vs female. +Data available only in a subset of the population (data collected in every fifth individual, HbA,,, n=18 090; lipid
parameters, n=18492).
Table 1: Baseline characteristics of the study population
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The overall weighted prevalence of dysglycaemia (by
OGTT) was 26-6% (95% CI 25-0-28-3; 25647 of
107119 individuals) using the WHO criteria (table 2)
and 44-2% (42-3-46-0; 44271 of 107119 individuals)
using the ADA criteria (appendix p 15). The weighted
prevalence of dysglycaemia by HbA, was 34-3%
(30-3-38-4; 5643 of 18090 individuals) and by using
a combination of OGTT (by WHO criteria) and HbA
was 47-7% (43-5-51-8; 8101 of 18366 individuals;
appendix p 18).

The weighted prevalence of hypertension was 35-5%
(95% CI 33-8-37-3; 35172 of 111439 individuals), which
was higher in urban areas and among males. When
sensitivity analysis was done using American College of
Cardiology/American Heart Association (ACC/AHA)
criteria”  (=130/80 mm Hg), the prevalence of
hypertension nearly doubled to 66-3% (64-6-67-9%;
69702 of 111439 individuals). Generalised obesity and
abdominal obesity were present in 28-6% (26-9-30-3;
29861 of 110368 individuals) and 39-5% (37-7-41-4;
40121 of 108665 individuals) of the population,
respectively. Dyslipidaemia was found in 81.2%
(77-9-84-5; 14895 of 18492 individuals), mainly driven
by low HDL cholesterol (66-9%; 62-9-70-9; 12411 of
18492 individuals). Dyslipidaemia and generalised and
abdominal obesity were significantly higher among
urban compared with rural residents. Generalised

obesity was significantly higher in females. Of the lipid
parameters, only hypertriglyceridaemia was significantly
higher in males, while hypercholesterolaemia, low HDL
cholesterol, and high LDL cholesterol were significantly
higher in females.

The state-wise weighted prevalence of diabetes ranged
from 4-8% (154 of 3421 individuals; in Uttar Pradesh) to
26-4% (886 of 3744 individuals; in Goa) and that of
prediabetes from 6-8% (236 of 4053 individuals) to
31-3% (1240 of 3925 individuals). Diabetes prevalence
(figure 1A) was highest in the southern and northern
regions of India, with urban areas having high
prevalence throughout. The central and northeastern
regions had lower prevalence. Conversely, prevalence of
prediabetes (figure 1B) was highest in the central and
northern regions of India and lowest in Punjab,
Jharkhand, and some parts of the northeastern region.
The prevalence of prediabetes was not significantly
different between urban and rural areas. The ratio of
diabetes to prediabetes was 1:2 or less in Arunachal
Pradesh, Bihar, Madhya Pradesh, Meghalaya,
Chhattisgarh, Rajasthan, Sikkim, and Uttar Pradesh
(most of which are states with a lower human
development index). The ratio was 1:1 or more in
Chandigarh, Goa, Delhi, Kerala, Mizoram, Puducherry,
Punjab, and Tamil Nadu (all states with a high human
development index; appendix pp 19-22).

Urban (n=33537) Rural (n=79506) p value* Male (n=52602) Female (n=60441) p valuet Overall (n=113 043)
Dysglycaemia (diabetes and 9055/31560 16592/75559 p<0-0001  11948/49706 13699/57413 p<0-0001 25647/107119
prediabetes) (31-8%; 29-4-34-2) (241%; 22.7-25-4) (27:2%; 25-4-28-9)  (26:2%; 24-6-277) (26-6%; 25-0-28-3)
Diabetes 4272/31560 5879/75559 p<0-0001 4978/49706 5173/57 413 p<0-0001 10151/107119
(16-4%; 14-6-18-2) (8-9%; 8-1-9-7) (12-1%; 10-9-13-3) (10-7%; 9-6-11-8) (11-4%; 10-2-12-5)
Prediabetes 4783/31560 10713/75559 p=0-41 6970/49706 8526/57 413 p=0-023 15496/107119
(15-4%; 13-6-17-2) (15-2%; 14-1-16-3) (15-0%; 13-6-16:5)  (15:5%; 14-2-167) (15-3%; 13-9-16-6)
Impaired fasting glucose 3138/31560 7311/75559 p=0-32 4525/49706 5924/57 413 p<0-0001 10449/107119
(9:9%; 8:4-11.5) (10-1%; 9-3-11.0) (9-4%; 8-3-10-6) (10-7%; 9-6-11-7) (10-1%; 9-0-11-2)
Impaired glucose tolerance 1030/31560 2246/75559 p=0.41 1668/49706 1608/57 413 p<0-0001 3276/107119
(3-4%; 2:5-4-3) (3:3%; 2:7-3-8) (3-7%; 3-0-4-5) (2:9%;2:3-3:5) (3:3%;2:6-4-0)
Hypertension 11588/33063 23584/78376 p<0-0001 17768/51801 17 404/59 639 p<0-0001 35172/111439
(40-7%; 38-2-43-2) (33%;31-6-34-3) (38-7%; 36-8-40-7) (32:6%; 31-0-34-2) (35-5%; 33-8-37-3)
Generalised obesity (BMI 225 kg/m?) 12135/32784 17726/77584 p<0-0001  12311/51784 17550/58 584 p<0-0001  29861/110368
(39:6%; 37-1-42-1) (231%; 21-8-24-4) (25-4%; 23-7-27-1) (31-6%; 30-0-33-3) (28-6%; 26-9-30-3)
Abdominal obesity (waist 290 cm 15566/32293 24555/76372 p<0-0001 13370/51800 26751/56 865 p<0-0001 40121/108 665
[males], 280 cm [females]) (51-6%; 49-0-54-1) (33-5%; 32:0-34-9) (28-8%;27-0-307)  (49-6%; 47-8-51-4) (39-5%; 37-7-41-4)
Dyslipidaemiat 4493/5415 10402/13077 p<0-0001 6954/9283 7941/9209 p<0-0001 14895/18 492
(82:9%; 783-87-5) (80-3%; 77-7-83-0) (75-1%; 71-3-79-0) (86-8%; 84-0-89-6) (81-2%; 77-9-84-5)
Hypercholesterolaemia (=200 mg/dL) 1367/5415 2701/13 077 p<0-0001 2023/9283 2045/9209 p=0-011 4068/18492
(27-4%; 21-6-33-3) (22:3%; 19-5-25-0) (23-2%;19-5-26-9)  (24-8%; 20-9-28-6) (24-0%; 20-2-27-8)
Hypertriglyceridaemia (=150 mg/dL) 1834/5415 3851/13077 p<0-0001 3347/9283 2338/9209 p<0-0001 5685/18 492
(36:4%; 30-6-42-1) (30-0% (27-0-33-0) (37-5%; 33-4-41-6) (27-1%; 23-4-30-8) (32:1%; 28-2-36-0)
Low HDL cholesterol (<40 mg/dL 3751/5415 8660/13077 p=0-018 5298/9283 7113/9209 p<0-0001 12411/18 492
[males]; <50 mg/dL [females]) (68-1%; 62-4-73-8) (66-3%; 63-1-69-4) (563%;51-9-607)  (76-8%; 73-2-80-4) (66-9%; 62-9-70-9)
High LDL cholesterol (=130 mg/dL) 1191/5415 2369/13077 p<0-0001 1690/9283 1870/9209 p<0-0001 3560/18 492
(23:5%; 17-9-29-1) (19-6%; 16-9-22-3) (19-4%;15:9-22.9)  (22:3%; 18-6-26-1) (20-9%; 17-3-24-5)
Dataare n/N (weighted prevalence %; 95% Cl). The absolute numbers (n/N) do not correspond exactly to the percentages, because the percentages represent weighted prevalences. *For urban vs rural residence.
‘tFor male vs female. $Data available only in a subset of the population (data collected in every fifth individual, n=18 492; urban, n=5415; rural, n=13 077; male, n=9283; female, n=9209).
Table 2: Weighted prevalence of cardiometabolic risk factors among the study population
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Figure 2: Overall and area-wise weighted prevalence of hypertension, generalised obesity, and abdominal obesity

(A) Hypertension. (B) Generalised obesity. (C) Abdominal obesity.

The state-wise weighted prevalence of hypertension
ranged from 24-3% (851 of 3641 individuals) to 51-8%
(1644 of 3709 individuals), generalised obesity from
11-6% (377 of 3219 individuals) to 53-3% (1741 of
3790 individuals), and abdominal obesity from
18-4% (541 of 3212 individuals) to 61-2% (1958 of
3781 individuals; appendix pp 19-20). Weighted preva-
lence of hypercholesterolaemia ranged from 4-6%
(20 of 411 individuals) to 50-3% (289 of 579 individuals),
hypertriglyceridaemia from 21-2% (135 of 661
individuals) to 47-9% (275 of 613 individuals), low HDL
cholesterol from 51-8% (374 of 627 individuals) to
83-1% (488 of 650 individuals), and high LDL
cholesterol from 3-2% (14 of 411 individuals) to 52-1%
(303 of 579 individuals; appendix pp 21-22).

Overall, hypertension was highly prevalent throug-
hout the country except in the central region, more so
in the urban areas (figure 2A). High prevalence rates of
both generalised and abdominal obesity were observed
in urban areas compared with rural areas (figures 2B,
C). Overall, abdominal obesity was high in all the
regions of India, while generalised obesity was more
prevalent in the south followed by the northern and
eastern regions. The prevalence of hypertri-
glyceridaemia (figure 3B) and low HDL cholesterol

(figure 3C) was high in all the regions of India with very
little urban-rural difference, whereas hypercholesterol-
aemia (figure 3A) and high LDL cholesterol (figure 3D)
showed wide interstate and inter-regional variability,
with highest prevalence in the northern region, Kerala,
and Goa.

Figure 4 presents the 2021 projections for cardio-
metabolic risk factors for the entire country. We
estimated that in 2021, 101 million people had diabetes,
and the number with prediabetes was 136 million.
About 315 million people in India had hypertension,
254 million had generalised obesity, and 351 million had
abdominal obesity. In addition, 213 million people
had hypercholesterolaemia and 185 million had high
LDL cholesterol.

Discussion

This report from the ICMR-INDIAB study highlights
the enormous burden of NCDs faced by India. Our
estimates of the prevalence of diabetes and prediabetes
in India (101 million and 136 million, respectively) are
much higher than earlier reported figures,” which
have been collated from several sources, including an
earlier report from ICMR-INDIAB." This earlier report,
however, included only 15 states of the country
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Figure 4: Projections for metabolic disease prevalence in India

(including seven of the northeastern states with low with an overall prevalence of 66-9%. Previous research

prevalence of diabetes) and had not yet sampled some has shown that low concentrations of HDL cholesterol

of the more socioeconomically developed states of India  are more common in Asian Indians or south Asians

(eg, Kerala, Goa, and Puducherry), which could have compared with other ethnic groups.”* Gupta and

led to the reported prevalence rates being lower.” The colleagues® reported low HDL cholesterol in 54-9% of

present report, on the other hand, uses data from all Asian Indian men and 64-4% women,*and an analysis

states of India which have been age-standardised for from the INTERHEART study reported that low HDL

the current time period and, therefore, we believe that cholesterol was present in over 80% of the Asian Indian

our estimates are a more accurate reflection of the participants studied,” a number comparable to our

actual numbers. results. This phenomenon appears to be a component
We also found that using HbA, in addition to OGTT of the Asian Indian phenotype, which also includes low

for diagnosis led to nearly half the population being adiponectin concentrations, increased visceral fat,

diagnosed with dysglycaemia. This has been reported in  increased waist circumference, and increased insulin

earlier studies also and has been attributed to the high resistance. Both low HDL cholesterol and high

prevalence of iron-deficiency anaemia in India.* triglycerides were uniformly prevalent across India in

National guidelines do not, therefore, recommend the our study. On the other hand, the prevalence of high

use of HbA,, as the sole diagnostic criterion for diabetes LDL cholesterol showed significant interstate variation.

and prediabetes.” Similarly, use of the ADA cutoffsled to  Whether ethnic differences or dietary patterns (eg,

a near doubling of prevalence of prediabetes compared different cooking oils used) are responsible for the

with the WHO criteria. Considering the relatively low heterogeneity in hypercholesterolaemia needs further

risks of progression to diabetes and of cardiovascular elucidation, and these studies are of particular impor-

disease among individuals diagnosed with prediabetes tance given the pre-eminent role of LDL cholesterol in

using the ADA criteria compared with the less stringent  cardiovascular risk.

WHO criteria,” the Indian National Guidelines have Our results, in general, are in line with those of other

recommended the use of the latter for diagnosing recent large studies on cardiometabolic risk factors in

prediabetes.* We have therefore used the OGTT and the India. The prevalence of diabetes was 7-5% and that of

WHO criteria for estimating the prevalence of diabetes hypertension 25-3% in a pooled analysis of data from

and prediabetes in India. the Annual Health Survey and the District-Level
Our results also emphasise the interstate and inter- Household Survey Another recent analysis of the

regional variations in diabetes prevalence in India, NFHS-5 data reported a diabetes prevalence of 6-5%."

a phenomenon that has already been reported in earlier ~However, this analysis used self-report and random

studies on NCDs from India, such as the Annual Health  blood glucose measurements for diagnosis of diabetes,

Survey and the District-Level Household Survey con- with less than 1-5% of the population having a fasting

ducted between 2012 and 2014, the NFHS-5 conducted capillary sample. NFHS-5 also showed a lower

between 2019 and 2021 and the India State-Level prevalence of obesity compared with our findings,

Disease Burden Initiative published in 2018.* perhaps due to the higher cutoffs used, and a lower
With regard to other metabolic risk factors, we prevalence of hypertension, probably on account of the

document the presence of dyslipidaemia in more younger age of the population studied.” Other large

than 80%, hypertension in more than one-third (nearly studies on the prevalence of hypertension in India have

two-thirds if the ACC/AHA criteria are used), and reported numbers similar to our results.** There is also

obesity in nearly a third of the population. It is of sufficient evidence for an increasing trend in the

interest that low HDL cholesterol accounted for the prevalence of these risk factors in India; a series of five

majority of the dyslipidaemia burden in the country, cross-sectional epidemiological studies from Jaipur,
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India showed a secular trend of increase in BMI,
hypertension, and total and non-HDL cholesterol over a
20-year period,”* while clear increases in diabetes
prevalence have been reported in serial studies from
different parts of India using uniform diagnostic
criteria.*¥

These results have multiple implications for the
planning and provision of health care in India. There is
a very high prevalence of diabetes and related NCDs in
the country, which translates to a large population of
individuals at risk of not only cardiovascular disease
but also of chronic complications of diabetes such as
kidney, foot, and eye disease, the costs of treating which
are crippling to the individual, society, and country as
a whole. Moreover, the high prevalence rates of obesity
and prediabetes across the country (even in regions
where the prevalence of diabetes is currently low)
suggest that the epidemic will continue to accelerate,
especially since Asian Indians tend to develop diabetes
at lower levels of obesity, and to progress faster
from prediabetes to diabetes compared with white
Caucasians.®* In particular, the uniformly high preva-
lence of prediabetes in rural areas is of grave concern
since these areas, in general, lack the infrastructure to
care for increasing numbers of people with diabetes
and its complications.

Prevention, early diagnosis, and prompt treatment of
hyperglycaemia, hypertension, and dyslipidaemia are
the cornerstones of preventing morbidity and mortality
due to cardiovascular disease and other chronic
complications of diabetes. Unfortunately, only around
7% of people with previously diagnosed diabetes in
India meet treatment targets for blood glucose, lipids,
and blood pressure,” and the proportion is likely to be
even lower among those with undiagnosed diabetes.
Therefore, there needs to be a thorough reorientation
of health-care priorities towards caring for individuals
with metabolic NCDs, particularly in states where the
disease burden is found to be high. As a significant
proportion of India’s population (particularly in rural
areas) depends on the government for provision of
health care, strengthening the public health-care
system is an essential step towards improving diabetes
and NCD care in these regions. The incorporation of
NCD detection and control into the primary health-care
system as part of the National Program for Prevention
and Control of Cancer, Diabetes, Cardiovascular
Diseases and Stroke (recently renamed as the National
Programme for Prevention and Control of Non-
Communicable Diseases [NP-NCD]),” and the provision
of NCD care through setting up of Health and Wellness
Centres under the Ayushman Bharat scheme by the
Government of India, are therefore steps in the right
direction.

Provision of health care is primarily the responsibility
of state governments in India. As different states in India
are at different stages in the trajectory of the diabetes

pandemic, state-specific strategies are the need of the
hour. States with a high prevalence of diabetes will need
to put in place systems to ensure optimal risk factor
control, so as to effectively prevent long-term compli-
cations. On the other hand, the ratio of diabetes to
prediabetes is less than 1:2 in many of the less
economically developed states, suggesting that these
states can expect large increases in the prevalence of
diabetes in the near future. Urgent measures are
indicated to prevent or delay such an eventuality, since
these states have limited availability of resources for
provision of optimal diabetes care. There needs to be
a focus on evidence-based approaches to prevent the
progression of prediabetes to diabetes or even to reverse
it to normal in these states.

There were multiple challenges in implementing
such a large nationwide study on diabetes and other
metabolic NCDs in India. These can be broadly
classified under manpower and team cohesion,
religious and cultural misconceptions, topography and
climatic conditions, transporting biological samples,
obtaining permissions, linguistic barriers, and safety
and security threats. In each region, local manpower
was recruited with the help of the state principal
investigator. Field data collection challenges such as
religious and cultural misconceptions among the
participants were addressed with the help of religious
leaders and community elders from the local
communities in the surveyed regions. Participant
unavailability and unwillingness to spend time were
overcome through multiple visits to the primary
sampling units to collect the data. Linguistic barriers
were overcome through translating the study
documents into 15 vernacular languages. The strategies
devised with the assistance of the state principal
investigators and health authorities enabled successful
implementation of the study, obtaining response rates
of more than 90% in every state.

Our study has a few limitations. Since the study is
cross-sectional, causal implications cannot be drawn
from it. The use of CBG, which has a greater coefficient
of variation than venous plasma, is another limitation
of this study. However, we have earlier shown good
correlation between CBG and venous plasma
estimations.” Also, our methodological approach did
not allow us to differentiate between type 1 and type 2
diabetes. A further limitation of this study is that
different phases of the study were conducted at different
times, which is inevitable when sampling such a large
country. To overcome this limitation, the current
prevalence of cardiometabolic risk factors was estimated
in each state by doing weighted analysis accounting for
region-specific and sex-specific changes in age structure
using 2019 population estimate information from
NFHS-5. Nevertheless, our estimates did not account
for potential long-term changes in lifestyle-based risk
factors for diabetes. In particular, this means that states
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measured in phases 1-3 might have even higher
metabolic disease prevalence than what is reported
here. The major strengths of the current study are that
it was performed on a nationally representative sample
that was geographically and ethnically diverse, and
truly representative of the regions studied. This study is
perhaps the first to specifically look at the prevalence of
metabolic NCDs by studying all states and union
territories of India. Compared with other recent large
surveys, our study used robust methods for diagnosis
of diabetes and prediabetes, such fasting blood glucose
and OGTT. Moreover, HbA, was available in a subset of
the population, which adds to the validity of the
diagnosis. The learnings from this study with respect to
field-level operational challenges and the means of
overcoming them will provide impetus and direction to
future nationwide epidemiological studies of such
magnitude.

In summary, this report on India’s metabolic health
from the ICMR-INDIAB study reiterates the significant
NCD burden in the country. While the diabetes
epidemic seems to have peaked in some of the more
developed states, most of the less developed states are
still in the initial take-off phase. The prevalence of
other cardiometabolic risk factors such as obesity,
hypertension, and dyslipidaemia is uniformly high
across the country, particularly in the urban areas. The
focus should therefore be on implementing inter-
ventions to minimise the progression of prediabetes to
diabetes in states where the diabetes epidemic has yet
to peak, and providing optimal care to ensure
comprehensive risk factor reduction in individuals with
diabetes so as to prevent complications in those states
where the epidemic has already stabilised.

The ICMR-INDIAB investigators

Project national coordinator, coinvestigators, and project staff:

India V Mohan, R M Anjana, R Unnikrishnan, R Pradeepa, M Deepa,
V Sudha, E Nirmal, R Subashini, and U Venkatesan (Madras Diabetes
Research Foundation, Chennai). Expert group: India L M Nath
(Community Medicine, New Delhi), R Lakshmy, N Tandon (All India
Institute of Medical Sciences, New Delhi), ] Mahanta (Regional
Medical Research Centre, Dibrugarh), S V Madhu (University College
of Medical Sciences and Guru Teg Bahadur Hospital, New Delhi),

A K Das (Pondicherry Institute of Medical Sciences, Puducherry),

A Pandey, R S Dhaliwal, and T Kaur (Indian Council of Medical
Research, New Delhi). State principal investigators and Co-Investigators:
India PV Rao, M N Rao (Nizam’s Institute of Medical Sciences,
Hyderabad), L Jampa, T Kaki (Directorate of Health Services,
Naharlagun), H K Das, P K Borah (Regional Medical Research Centre,
Dibrugarh), A Kumar, S Sharma (Diabetes Care and Research

Centre, Patna), A Bhansali (Post-Graduate Institute of Medical
Education and Research, Chandigarh), K Dash, V K Shrivas (Apollo
Hospitals, Bilaspur), N Tandon, A Krishnan (All India Institute of
Medical Sciences, New Delhi), A Desai, A Dias (Goa Medical College,
Bambolim), B Saboo, ] M Padhiyar (Dia Care, Ahmedabad), S Kalra,
B Kalra (Bharti Hospital, Karnal), ] K Moktha, R Gulepa (Indira
Gandhi Medical College, Shimla), V K Dhandhania (Diabetes Care
Centre, Ranchi), P Adhikari, B S Rao (Kasturba Medical College,
Mangalore), P K Jabbar, C Jayakumari (Government Medical College,
Trivandrum), S M Jain, G Gupta (TOTALL Diabetes Thyroid Hormone

Research Institute, Indore), S Joshi (Lilavati Hospital and Research
Centre, Mumbai), C Yajnik (King Edward Memorial Hospital, Pune),

www.thelancet.com/diabetes-endocrinology Vol 11 July 2023

P P Joshi (Government Medical College, Nagpur), S Ningombam,

T B Singh (Directorate of Health Services, Imphal), R O Budnah,

M R Basaiawmoit (Directorate of Health Services, Shillong),
Rosangluaia, P C Lalramenga (Civil Hospital, Aizawl), V Suokhrie,

S Tunyi (Directorate of Health and Family Welfare, Kohima),

S K Tripathy, N C Sahu (S C B Medical College & Hospital, Cuttack),
A'] Purty, A K Das (Pondicherry Institute of Medical Sciences,
Kalapet), A Bhansali, M John (Post-Graduate Institute of Medical
Education and Research, Chandigarh), A Gupta, B L Gupta,

S K Shrivastava (Jaipur Diabetes Research Centre, Jaipur), K ] Tobgay,
T T Kaleon (Human Services and Family Welfare, Gangtok), V Mohan,
R M Anjana, R Unnikrishnan, R Pradeepa, M Deepa, V Sudha (Madras
Diabetes Research Foundation, Chennai), T Reang, S K Das
(Government Medical College, Agartala), S Bajaj, M K Mathur (Moti
Lal Nehru Medical College, Prayagraj), S Modi, R Kakkar (Himalayan
Institute of Medical Sciences, Dehradun), S Chowdhury, and S Ghosh
(Institute of Post-Graduate Medical Education and Research and

Seth Sukhlal Karnani Memorial Hospital, Kolkata).

Contributors

RMA, RU, and VM conceived the study, designed it, and were involved
in implementation of the study, training the team, designing quality
assurance measures, and interpretation of the data. MD and RP were
involved in the design and coordination of the study and interpretation
of the data. NT, AKD, SB, PKJ, HKD, AK, VKD, AB, PVR, AD, SK, AG,
RL, SVM, and SC were responsible for the supervision of the study in
their respective states. SJ, TK, and RSD provided scientific input for
the study, were involved in the quality control, and helped to revise the
report. NE helped in the field coordination of the study. UV and

RS were responsible for data management and statistical analyses.
RMA, RU, MD, RP, and VM drafted the manuscript and all authors
contributed to the critical revision of the manuscript for important
intellectual content. RMA and VM take full responsibility for the
overall content of this work. RMA is the guarantor of this work and, as
such, takes responsibility for the integrity of the data and the accuracy
of the data analysis. RMA, RU, MD, RP, UV, RS, and VM had full
access to all the data in the study and all authors had final
responsibility for the decision to submit for publication. MD, RP, UV,
and RS accessed and verified the data.

Declaration of interests
We declare no competing interests.

Data sharing
Raw data are available on reasonable request to the corresponding author.
All data relevant to the study are included in this Article or the appendix.

Acknowledgments

We gratefully acknowledge the Indian Council of Medical Research
(ICMR), New Delhi and the Department of Health Research, Ministry of
Health and Family Welfare, Government of India, New Delhi for
providing financial support to the study and the ICMR-INDIAB Expert
Group for their valuable suggestions and scientific inputs. We thank
Shivani A Patel (Emory University, Atlanta, GA, USA) and Usha Ram
(Department of Biostatistics and Epidemiology, International Institute
for Population Sciences, Mumbai, India) for their statistical inputs. We
also thank the ICMR-INDIAB quality managers, quality supervisors, and
the field team for the smooth conduct of the study, and the participants
for their cooperation. This is the 17th paper from the ICMR-INDIAB
Study (ICMR-INDIAB-17).

Editorial note: The Lancet Group takes a neutral position with respect to
territorial claims in published maps and institutional affiliations.

References

1 Institute for Health Metrics and Evaluation, Human Development
Network, The World Bank. The global burden of disease: generating
evidence, guiding policy—south Asia regional edition. Seattle, WA:
IHME, 2013.

2 Siegel KR, Patel SA, Ali MK. Non-communicable diseases in South
Asia: contemporary perspectives. Br Med Bull 2014; 111: 31-44.

3 Tandon N, Anjana RM, Mohan V, et al. The increasing burden of
diabetes and variations among the states of India: the Global Burden
of Disease Study 1990-2016. Lancet Glob Health 2018; 6: €1352-62.

487



Articles

488

10

1

12

13

14

15

16

17

18

19

20

21

22

23

24

Jung L, De Neve JW, Chen S, et al. The interaction between district-
level development and individual-level socioeconomic gradients of
cardiovascular disease risk factors in India: a cross-sectional study
of 2.4 million adults. Soc Sci Med 2019; 239: 112514.

Gupta R, Guptha S, Gupta VP, Agrawal A, Gaur K, Deedwania PC.
Twenty-year trends in cardiovascular risk factors in India and
influence of educational status. Eur J Prev Cardiol 2012; 19: 1258-71.
Geldsetzer P, Manne-Goehler ], Theilmann M, et al. Diabetes and
hypertension in india: a nationally representative study of

1.3 million adults. JAMA Intern Med 2018; 178: 363-72.

Anjana RM, Mohan V, Rangarajan S, et al. Contrasting associations
between diabetes and cardiovascular mortality rates in low-,
middle-, and high-income countries: cohort study data from
143,567 individuals in 21 countries in the PURE Study. Diabetes Care
2020; 43: 3094-101.

Anjana RM, Pradeepa R, Deepa M, et al. The Indian Council of
Medical Research-India Diabetes (ICMR-INDIAB) study:
methodological details. J Diabetes Sci Technol 2011; 5: 906—14.
Anjana RM, Pradeepa R, Deepa M, et al. Prevalence of diabetes and
prediabetes (impaired fasting glucose and/or impaired glucose
tolerance) in urban and rural India: phase I results of the Indian
Council of Medical Research-INdia DIABetes (ICMR-INDIAB)
study. Diabetologia 2011; 54: 3022-27.

Anjana RM, Deepa M, Pradeepa R, et al. Prevalence of diabetes and
prediabetes in 15 states of India: results from the ICMR-INDIAB
population-based cross-sectional study. Lancet Diabetes Endocrinol
2017; 5: 585-96.

Bhansali A, Dhandania VK, Deepa M, et al. Prevalence of and risk
factors for hypertension in urban and rural India: the ICMR-INDIAB
study. ] Hum Hypertens 2015; 29: 204-09.

Pradeepa R, Anjana RM, Joshi SR, et al. Prevalence of generalized
& abdominal obesity in urban & rural India—the ICMR-INDIAB
Study (Phase-I) [[ICMR-INDIAB-3]. Indian ] Med Res 2015;

142: 139-50.

Joshi SR, Anjana RM, Deepa M, et al. Prevalence of dyslipidemia in
urban and rural India: the ICMR-INDIAB study. PLoS One 2014;

9: €96808.

Anjana RM, Pradeepa R, Das AK, et al. Physical activity and inactivity
patterns in India - results from the ICMR-INDIAB study (Phase-1)
[ICMR-INDIAB-5]. [CMR-INDIAB-5]. Int | Behav Nutr Phys Act 2014;
11: 26.

Anjana RM, Unnikrishnan R, Deepa M, et al. Achievement of
guideline recommended diabetes treatment targets and health habits
in people with self-reported diabetes in India (ICMR-INDIAB-13):

a national cross-sectional study. Lancet Diabetes Endocrinol 2022;

10: 430—41.

WHO. STEPwise approach to surveillance (STEPS). https://www.
who.int/europe/tools-and-toolkits/who-stepwise-approach-to-
surveillance (accessed Oct 14, 2022).

Harrison GG, Buskirk ER, Lindsay Carter JE, et al. Skinfold thickness
and measurement technique. In: Lohman TG, Roche AF, Martorell R,
eds. Anthropometric standardization reference manual. Champaign,
IL: Human Kinetics Books, 1988: 55-70.

National Glycohemoglobin Standardisation Program. List of NGSP
certified methods. https://ngsp.org/docs/methods.pdf (accessed

Nov 12, 2022).

WHO. Definition and diagnosis of diabetes mellitus and intermediate
hyperglycemia: report of a WHO/IDF consultation. Geneva: World
Health Organization, 2006.

Expert Committee on the Diagnosis and Classification of Diabetes
Mellitus. Report of the expert committee on the diagnosis and
classification of diabetes mellitus. Diabetes Care 1997; 20: 1183-97.
American Diabetes Association. Diagnosis and classification of
diabetes mellitus. Diabetes Care 2010; 33 (suppl 1): S62-69.

Report of a World Health Organization Consultation: use of glycated
haemoglobin (HbA1c) in the diagnosis of diabetes mellitus.

Diabetes Res Clin Pract 2011; 93: 299-309.

WHO. The Asia Pacific perspective: redefining obesity and its
treatment. 2000. https://apps.who.int/iris/handle/10665/206936
(accessed May 31, 2022).

James PA, Oparil S, Carter BL, et al. 2014 evidence-based guideline for
the management of high blood pressure in adults: report from the
panel members appointed to the Eighth Joint National Committee
(JNC 8). JAMA 2014; 311: 507-20.

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

41

42

43

Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults. Executive Summary of The Third
Report of The National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, And Treatment of High
Blood Cholesterol In Adults (Adult Treatment Panel III). JAMA
2001; 285: 2486-97.

Friedewald WT, Levy RI, Fredrickson DS. Estimation of the
concentration of low-density lipoprotein cholesterol in plasma,
without use of the preparative ultracentrifuge. Clin Chem 1972;

18: 499-502.

Lehtonen R, Pahkinen E. Practical methods for design and analysis
of complex surveys, 2nd edn. West Sussex, UK: John Wiley & Sons,
2003.

International Institute for Population Sciences (IIPS) and ICF.
National Family Health Survey (NFHS-5), 2019-21: India:

Volume I. Mumbai: IIPS, 2021. https://dhsprogram.com/pubs/
pdf/FR375/FR375.pdf (accessed Nov 28, 2022).

Sun H, Saeedi P, Karuranga S, et al. IDF Diabetes Atlas: Global,
regional and country-level diabetes prevalence estimates for 2021
and projections for 2045. Diabetes Res Clin Pract 2022; 183: 109119.
National Commission on Population, Ministry of Health and
Family Welfare, Government of India. Population projections for
India and States. Report of the Technical Group on Population
Projections, July 2020. https://main.mohfw.gov.in/sites/default/
files/Population%20Projection%20Report%202011-2036%20-%20
upload_compressed_0.pdf (accessed Feb 20, 2023).

Whelton PK, Carey RM, Aronow WS, et al. 2017 ACC/AHA/
AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA
guideline for the prevention, detection, evaluation, and
management of high blood pressure in adults: a report of the
American College of Cardiology/American Heart Association Task
Force on Clinical Practice Guidelines. ] Am Coll Cardiol 2018;

71: 127-248.

International Diabetes Federation. IDF Diabetes Atlas, 10th edn.
International Diabetes Federation: Brussels, 2021: pp 37, 39, 51.
https://diabetesatlas.org/atlas/tenth-edition/ (accessed

Oct 31, 2022).

Hardikar PS, Joshi SM, Bhat DS, et al. Spuriously high prevalence
of prediabetes diagnosed by HbA(1c) in young indians partly
explained by hematological factors and iron deficiency anemia.
Diabetes Care 2012; 35: 797-802.

Madhu SV, Raj A, Gupta S, Giri S, Rusia U. Effect of iron deficiency
anemia and iron supplementation on HbA1lc levels—implications
for diagnosis of prediabetes and diabetes mellitus in Asian Indians.
Clin Chim Acta 2017; 468: 225-29.

Makkar BM, Kumar CV, Saboo B, Agarwal S. RSSDI clinical
practice recommendations for the management of type 2 diabetes
mellitus 2022. Int | Diabetes Dev Ctries 2022; 42 (suppl 1): 1-143.
Davidson MB, Kahn RA. A reappraisal of prediabetes.

J Clin Endocrinol Metab 2016; 101: 2628-35.

Unnikrishnan R, Gupta PK, Mohan V. Diabetes in south Asians:
phenotype, clinical presentation, and natural history. Curr Diab Rep
2018; 18: 30.

Enas EA, Dharmarajan TS, Varkey B. Consensus statement on the
management of dyslipidemia in Indian subjects: a different
perspective. Indian Heart | 2015; 67: 95-102.

Bilen O, Kamal A, Virani SS. Lipoprotein abnormalities in South
Asians and its association with cardiovascular disease: current state
and future directions. World ] Cardiol 2016; 8: 247-57.

Gupta R, Rao RS, Misra A, Sharma SK. Recent trends in
epidemiology of dyslipidemias in India. Indian Heart J 2017

69: 382-92.

Karthikeyan G, Teo KK, Islam S, et al. Lipid profile, plasma
apolipoproteins, and risk of a first myocardial infarction among
Asians: an analysis from the INTERHEART Study.

J Am Coll Cardiol 2009; 53: 244-53.

Varghese JS, Anjana RM, Geldsetzer P, et al. Diabetes diagnosis,
treatment, and control in India: results from a national survey of
1.65 million adults aged 18 years and older, 2019-2021. medRxiv
2023; published online Feb 8. https://doi.org/10.1101/
2023.02.06.23285544 (preprint).

Anchala R, Kannuri NK, Pant H, et al. Hypertension in India:

a systematic review and meta-analysis of prevalence, awareness,
and control of hypertension. ] Hypertens 2014; 32: 1170-77.

www.thelancet.com/diabetes-endocrinology Vol 11 July 2023



Articles

45

46

47

48

Amarchand R, Kulothungan V, Krishnan A, Mathur P.
Hypertension treatment cascade in India: results from National
Noncommunicable Disease Monitoring Survey. | Hum Hypertens
2022; 37: 394-404.

Gupta R, Sharma KK, Gupta A, et al. Persistent high prevalence of
cardiovascular risk factors in the urban middle class in India: Jaipur
Heart Watch-5. ] Assoc Physicians India 2012; 60: 11-16.

Mohan V, Deepa M, Deepa R, et al. Secular trends in the prevalence
of diabetes and impaired glucose tolerance in urban South India—
the Chennai Urban Rural Epidemiology Study (CURES-17).
Diabetologia 2006; 49: 1175-78.

Anjana RM, Deepa M, Subashini R, et al. Temporal changes in
diabetes prevalence and achievement of care goals in urban
South Asia from 2010 to 2016—the Center for Cardio-metabolic
Risk Reduction in South Asia Study. Diabet Med 2021; 38: e14424.
Narayan KMV, Kanaya AM. Why are South Asians prone to type 2
diabetes? A hypothesis based on underexplored pathways.
Diabetologia 2020; 63: 1103-09.

www.thelancet.com/diabetes-endocrinology Vol 11 July 2023

49

50

51

Anjana RM, Shanthi Rani CS, Deepa M, et al. Incidence of diabetes

and prediabetes and predictors of progression among asian indians:

10-year follow-up of the Chennai Urban Rural Epidemiology Study
(CURES). Diabetes Care 2015; 38: 1441-48.

Directorate General of Health Services, Ministry of Health &
Family Welfare Government of India. National Program for
Prevention and Control of Cancer, Diabetes, Cardiovascular
Diseases and Stroke. https://dghs.gov.in/content/1363_3_
NationalProgrammePreventionControl.aspx (accessed

March 9, 2023).

Priya M, Mohan Anjana R, Pradeepa R, et al. Comparison of
capillary whole blood versus venous plasma glucose estimations in
screening for diabetes mellitus in epidemiological studies in
developing countries. Diabetes Technol Ther 2011; 13: 586-91.

489



	Metabolic non-communicable disease health report of India: the ICMR-INDIAB national cross-sectional study (ICMR-INDIAB-17)
	Methods
	Introduction
	Methods
	Sampling and study population
	Procedures
	Outcomes
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


