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The increasing burden of diabetes and variations among the
states of India: the Global Burden of Disease Study
1990-2016

India State-Level Disease Burden Initiative Diabetes Collaborators*

Summary

Background The burden of diabetes is increasing rapidly in India but a systematic understanding of its distribution and
time trends is not available for every state of India. We present a comprehensive analysis of the time trends and
heterogeneity in the distribution of diabetes burden across all states of India between 1990 and 2016.

Methods We analysed the prevalence and disability-adjusted life-years (DALYs) of diabetes in the states of India
from 1990 to 2016 using all available data sources that could be accessed as part of the Global Burden of Diseases,
Injuries, and Risk Factors Study 2016, and assessed heterogeneity across the states. The states were placed in four groups
based on epidemiological transition level (ETL), defined on the basis of the ratio of DALYs from communicable diseases
to those from non-communicable diseases and injuries combined, with a low ratio denoting high ETL and vice versa. We
assessed the contribution of risk factors to diabetes DALYs and the relation of overweight (body-mass index 25 kg/m2 or
more) with diabetes prevalence. We calculated 95% uncertainty intervals (UIs) for the point estimates.

Findings The number of people with diabetes in India increased from 26-0 million (95% UI 23-4-28-6) in 1990 to
65-0 million (58-7-71-1) in 2016. The prevalence of diabetes in adults aged 20 years or older in India increased from
5-5% (4-9-6-1) in 1990 to 7-7% (6-9-8-4) in 2016. The prevalence in 2016 was highest in Tamil Nadu and Kerala
(high ETL) and Delhi (higher-middle ETL), followed by Punjab and Goa (high ETL) and Karnataka (higher-middle
ETL). The age-standardised DALY rate for diabetes increased in India by 39-6% (32-1-46-7) from 1990 to 2016, which
was the highest increase among major non-communicable diseases. The age-standardised diabetes prevalence and
DALYs increased in every state, with the percentage increase among the highest in several states in the low and lower-
middle ETL state groups. The most important risk factor for diabetes in India was overweight to which 36-0%
(22-6-49-2) of the diabetes DALYs in 2016 could be attributed. The prevalence of overweight in adults in India
increased from 9-0% (8-7-9-3) in 1990 to 20-4% (19-9-20-8) in 2016; this prevalence increased in every state of the
country. For every 100 overweight adults aged 20 years or older in India, there were 38 adults (34-42) with diabetes,
compared with the global average of 19 adults (17-21) in 2016.

Interpretation The increase in health loss from diabetes since 1990 in India is the highest among major non-
communicable diseases. With this increase observed in every state of the country, and the relative rate of increase
highest in several less developed low ETL states, policy action that takes these state-level differences into account is
needed urgently to control this potentially explosive public health situation.
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Introduction

The burden of diabetes has steadily increased over
the past quarter century in India and across the globe,
with India contributing a major part of the global
burden.”* Diabetes was identified as one of four priority
non-communicable diseases (NCDs) targeted for action
by the United Nations due to its growing disease
burden.** In 2013, WHO developed targets for prevention
and control of NCDs by 2025, which included a
25% reduction in mortality from NCDs, halting the rise
in diabetes and obesity, and ensuring that at least 80% of
patients have access to affordable basic technologies
and essential medicines for NCDs.** The Sustainable
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Development Goals (SDGs) also include a target to
reduce the proportion of premature deaths due to NCDs,
including diabetes, by one third by 2030.7* The National
Health Policy 2017 of India aims to increase screening
and treatment of 80% of people with diabetes and reduce
premature deaths from diabetes by 25% by 2025.°
Overall diabetes burden estimates for the 1-3 billion
population of India mask wide variations across the states
of the country, many of which are comparable to large
countries in terms of population. Attempts have been
made previously to compile the trends of diabetes from
studies done over several decades in different parts of
India."* However, no comprehensive analysis is available
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Research in context

Evidence before this study

Existing evidence suggests that as part of the epidemiological
transition from communicable diseases to non-communicable
diseases, the burden of diabetes and its risk factors has been
increasing in India. We searched PubMed and publicly available
reports for estimates of diabetes burden across the states of India
using the search terms “burden”, “cause of death”, “DALY”,
“death”, "diabetes”, “epidemiology”, “India”, “morbidity”,
“mortality”, “prevalence”, and “trends” on March 30, 2018,
without language or publication date restrictions. We found
many studies on the prevalence of diabetes in several urban
settings and states, but no comprehensive report on the
prevalence, deaths, and disability-adjusted life-years (DALYs)
from diabetes in every state of India over a long duration of time.

Added value of this study

This study provides comprehensive estimates of the burden
due to diabetes in every state of India from 1990 to 2016,
based on all available data sources that could be accessed, using
the standardised Global Burden of Diseases, Injuries, and Risk
Factors Study methodology. It documents that, although

that reports diabetes estimates for every state of India over
a long period of time. Health is a state subject in India,
with the state budget contributing two-thirds towards
overall government spending on health care and the
central budget contributing the remainder.™* It is
therefore imperative to have robust and comprehensive
estimates on the magnitude of diabetes and its risk
factors in every state to enable planning for targeted
policy and interventions. The India State-Level Disease
Burden Initiative recently reported a varied epidemio-
logical transition among the states of India between 1990
and 2016 as part of the Global Burden of Diseases,
Injuries, and Risk Factors Study (GBD) 2016.”* Here, we
report the time trends and heterogeneity in diabetes
burden across all states of India between 1990 and 2016.

Methods

Overview

The India State-Level Disease Burden Initiative has
recently reported the overall trends of diseases, injuries,
and risk factors from 1990 to 2016 for every state of
India.”® That analysis was done as part of GBD 2016,
which estimated disease burden due to 333 diseases and
injuries and 84 risk factors using all available data
sources that could be accessed. Disease grouping and
risk grouping in GBD 2016 were organised into three
broad categories and four levels, respectively. The India
State-Level Disease Burden Initiative was supported by
the efforts of several expert groups and a vast network of
collaborators to identify and access all available data
sources, assess their scope and quality for inclusion, and
participate in the analysis and interpretation of the

substantial heterogeneity exists in the distribution of diabetes
among the states of India, its prevalence has increased in every
state between 1990 and 2016, with the age-standardised
increase among the highest in the relatively less advanced
states. Diabetes has had the highest increase in DALY rate
among the major non-communicable diseases in India since
1990. We report that the prevalence of overweight, the most
important risk factor for diabetes, has increased substantially in
every state of India since 1990. The finding that in 2016 there
were twice the number of people with diabetes in India for
every 100 overweight adults versus the global average
highlights the higher risk of diabetes in India.

Implications of all the available evidence

This comprehensive assessment of the burden of diabetes in
every state of India over a quarter century is an acute reminder
of the need to halt the potentially explosive increase of diabetes
across the country. The state-specific trends in the prevalence of
and DALYs from diabetes, and the prevalence of overweight,
can serve as a useful guide for planning diabetes control in
every state of India.

findings. The Health Ministry Screening Committee at
the Indian Council of Medical Research and the ethics
committee of the Public Health Foundation of India
approved the work of this initiative. A detailed description
of the metrics and analytical approaches used in GBD
2016 has been reported elsewhere.”” In this paper, we
report findings on the prevalence of diabetes, its disease
burden, and its risk factors across the states of India
from 1990 to 2016. The GBD 2016 methods relevant for
this paper are described in the appendix (pp 3-21), and a
summary of the key points follows.

Estimation of prevalence and years lived with disability

Diabetes was defined as fasting plasma glucose (FPG)
greater than 126 mg/dL (7 mmol/L) or being on diabetes
treatment.”* The prevalence of diabetes was estimated by
location, age, sex, and year using DisMod-MR, version 2.1,
a disease modelling computational tool that is the
standard GBD modelling approach for non-fatal health
outcomes. The prevalence estimation process involved
identification of all available data sources that could be
accessed and their assessment for data extraction based
on inclusion criteria; estimation of cause-specific preva-
lence using DisMod-MR modelling; ascertainment of
severity distributions of sequelae; incorporation of
disability weights to quantify severity; comorbidity
adjustment of sequelae; and computation of years lived
with disability (YLDs) from prevalence and disability
weights for each location, age, sex, and year. GBD 2016
included the following sequelae as part of the direct
diabetes burden estimation: vision loss due to diabetic
retinopathy, diabetic retinopathy, diabetic neuropathy,
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diabetic neuropathy with foot wulcer, and diabetic
neuropathy with treated or untreated amputation. The
contribution of high FPG to ischaemic heart disease,
stroke, chronic kidney disease, tuberculosis, and other
conditions was estimated separately in GBD, and there-
fore we report the burden from these conditions
separately.

The major data inputs for the distribution of diabetes in
India included national health surveys, population-
representative surveys and cohort studies, and a variety of
published and unpublished studies (appendix pp 22-30).

Estimation of deaths, years of life lost, and
disability-adjusted life-years

Among the all-cause mortality rates, mortality due
to diabetes was estimated using a variation of the
GBD Cause of Death Ensemble modelling approach
to estimate deaths separately in younger age groups
(<25 years) and in older age groups (=25 years).”* All
available data sources that could be accessed, including
covariates, were used to develop a series of plausible
models and, eventually, the best ensemble predictive
model to produce estimates of deaths and years of life
lost (YLLs) due to premature mortality by location, age,
sex, and year. YLLs were calculated from age at death
and GBD normative standard life expectancy at each
age. Disability-adjusted life-years (DALYs), a summary
measure of total health loss, were calculated for diabetes
by summing YLLs and YLDs for each location, age, sex,
and year. The sequelae of diabetes mentioned above that

are included directly in the estimation of diabetes burden
were accounted for in the estimation of diabetes DALYs.
For other conditions attributable to high FPG, we report
their DALYs separately.

The major data inputs for mortality estimation in India
included Sample Registration System cause of death data
and some other studies (appendix pp 22-30).

Estimation of risk factor exposure and attributable
disease burden

The GBD comparative risk assessment framework was
used to estimate diabetes-related risk factor exposure
and attributable disease burden.” Exposure data for
risk factors with a categorical or continuous distribution
were collated from all available data sources that could
be accessed, adjusted using age-sex splitting, and
strengthened with the incorporation of covariates. The
modelling approach integrated multiple data inputs and
borrowed information across age, time, and location to
produce the best possible estimates of risk exposure
by location, age, sex, and year. For each risk factor, the
theoretical minimum risk exposure level was established
as the lowest level of risk exposure below which its
relation with a disease outcome is not supported by
the available evidence. Estimates of mean risk factor
exposure, strengthened by covariates, were used to
calculate summary exposure values for each risk—a
metric ranging from 0% to 100%—to describe the risk-
weighted exposure for a population or risk-weighted
prevalence of exposure.

Crude prevalence per 100 (95% Ul) Age-standardised prevalence per 100 (95% Ul)
1990 2016 Absolute Percentage change, ~ 1990 2016 Absolute Percentage change,
change, 1990-2016 change, 1990-2016
1990-2016 1990-2016
Both sexes*
Low ETL (626 million) 47 (41-52) 6(5:9-73) 19 42:5% (38-0-47-2) 57 (51-6-3) 77 (6-9-8-5) 2:0 35-8% (31-6-39-9)
Lower-middle ETL (92 million) 8 (4-3-5-4) -0 (6:3-7:6) 21 43-9% (37-6-50-1) 1(5-4-6-8) 8:1(7-4-8-9) 20 33:6% (27-9-40-0)
Higher-middle ETL (446 million) 5.5 (5-0-6-1) 5(6-8-83) 2:0 36-4% (32-5-40-5) -8(6-2-7-5) 6 (77-9-4) 17 25-4% (21-8-28-8)
High ETL (152 million) 83 (7-5-9-0) 11-8 (10-9-12-8) 36 43-6% (38-4-49-1) -9 (9-0-10-7) 12.5(11-5-13-4) 2:6 26-9% (22:5-31:6)
India (1316 million) 5(4-9-6-1) 77(6:9-8-4) 22 39-4% (35-7-43-3) 7(61-7-4) 7(7-9-9°5) 20 29-7% (26-5-32-6)
Men
Low ETL 0(4-4-56) 3(6-5-8-2) 23 463% (40-2-52:3) 61(5:5-6-8) 6(7:7-9°5) 25 40-4% (34-8-46-0)
Lower-middle ETL 50 (4-4-5-6) 4(6:7-81) 24 47:0% (38-7-557) 5(5-8-7-2) 88(81-97) 2:4 371% (29-8-455)
Higher-middle ETL 1(5-4-6-7) -4 (7-6-9-2) 23 37:7% (32-8-42'5) 7-6 (6-8-83) 9.7 (8-8-10-6) 21 27-9% (23-4-32-2)
High ETL 8-2(7:4-9-0) 12-1(11-2-13-0) 39 47-5% (40-9-54-7) 9-9(9-0-10-8) 13-0 (12-0-13-9) 31 31-5% (25-5-37-4)
India 5-8(5:2-6'5) 3(7-5-9-1) 2.5 421% (37-9-46-8) 2(6:5-7-9) 96 (8-8-10'5) 2:4 33-5% (29:5-37-5)
Women
Low ETL 43(3-8-47) -9 (5:3-6.5) 1.6 37-8% (32-8-42:5) 2(47-58) -8 (6:1-7-6) 1.6 30-4% (26-0-34-6)
Lower-middle ETL 46 (41-52) 5 (5-8-7-2) 1.9 40-4% (33:3-47-1) 7 (51-6-4) 4 (6:7-82) 17 29-8% (23-0-36-2)
Higher-middle ETL 49 (4-4-5-4) -6 (5:9-7-4) 17 35:3% (30-6-40-0) 0 (54-6.7) 4(6:7-82) 14 231% (19-1-29-8)
High ETL 83 (7-6-9-1) 116 (10-6-12-6) 33 39.7% (34-2-46-1) 8(9:0-107)  12:1(111-131) 22 22:6% (17:9-27-7)
India 51 (4-6-5-6) .0 (6:3-77) 1.9 36-2% (32:3-39-9) 3(57-69) -9 (71-8-6) 1.6 25-6% (22-6-28.7)
ETL=epidemiological transition level. Ul=uncertainty interval. *Population in 2016 given in parentheses.
Table 1: Prevalence of diabetes in adults aged 20 years or older by sex in the states of India grouped by ETL, 1990-2016
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Estimates of mean FPG were produced by age, sex,
year, and location using the spatial-temporal Gaussian
process regression framework, adjusting mean FPG
using a correction factor to account for people with
diabetes in a population. For the purpose of attributing
disease burden to FPG, the theoretical minimum risk
exposure level for FPG was estimated to range from 81 to
97 mg/dL (mean 90) or 4-5 to 5-4 mmol/L (mean 5-0) as
Nagaland a risk for ischaemic heart disease, stroke, and chronic
Manipur kidney disease, with a continuous risk—outcome relation
above this FPG level? FPG more than 126 mg/dL
(7 mmol/L) was considered to have a categorical
risk—outcome relation with tuberculosis, neoplasms,
Alzheimer’s disease and other dementias, cataract, and

1990

{Jammu & Kashmi

Himachal Pradesh

Uttarakhand
Delhi Arunachal Pradesh
et Sikkim

Prevalence per 100

=105 others.? Similarly, for the purpose of attributing disease
Goa E?é’_’ég“ g burden to high body-mass index (BMI), the theoretical
16074 minimum risk exposure level for BMI at age 20 years or
04559 ° more was estimated to range from 20-0 to 25-0 kg/m?
<45 .
s (mean 22-5), and for age up to 19 years was based on
2016 the International Obesity Task Force BMI cutoff values

for normal weight** The definitions and method

I e descriptions of other risk factors are described elsewhere.
‘ Himachal Pradesh Estimation of attributable disease burden included
3 Uttarakhand ascertainment of relative risk of disease outcomes for

T h belhi Arunachal Pradesh . . . . .
aryana % Sikkim risk exposure—disease outcome pairs with sufficient

evidence of a causal relation in randomised controlled
y i trials, prospective cohorts, or case-control studies as

assessed using an approach similar to the World Cancer
Research Fund grading system, and then estimation of
population-attributable fractions for diseases caused by
each risk factor.” Estimates of deaths, YLLs, YLDs, and
DALYs attributable to each risk factor for diabetes were
produced by location, age, sex, and year.

The major data inputs for the risk factors in India
included dietary and nutrition surveys from the National
Nutrition Monitoring Bureau, national household
surveys such as the National Family Health Survey,
District Level Household Survey and Annual Health
Survey, youth and adult tobacco surveys, household
Jammug consumer expenditure surveys of the National Sample
Kashmir Survey Organisation, and several large population-level
Himachal Pradesh surveys (appendix pp 22-30).

Uttarakhand GBD uses covariates, which are explanatory variables

Delhi Arunachal Pradesh o -
Sikkim that have a known association with the outcome of

A : interest, to arrive at the best possible estimate of that
egalan 4 | outcome when data on the outcome are scarce but data

Manipur on the covariates are available.”* This approach was part
of the estimation process for the findings presented here.

Age-standardised percentage change, 1990-2016

Chhattisgarh
Odisha West Bengal

Maharashtra

Analysis presented in this paper

bercentage change of prevalence Findings are re.ported f(.n' 31 geograph.lcal units in In(.ila:
B -44.0% 29 states, Union Territory of Delhi, and the union
E36.0-43:9% territories other than Delhi (combining the six smaller
[128.0-35:9% g

3 20-0-27:9%
[112.0-19-9% °

[ <12:0% . . . .
Figure 1: Crude prevalence of diabetes in adults aged 20 years or older in the

states of India in 1990 and 2016 and change in age-standardised prevalence
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union territories of Andaman and Nicobar Islands,
Chandigarh, Dadra and Nagar Haveli, Daman and Diu,
Lakshadweep, and Puducherry). The states of Chhattisgarh,
Uttarakhand, and Jharkhand were created from existing
larger states in 2000, and the state of Telangana was created
in 2014. For trends from 1990 onward, the data for these
four new states were disaggregated from their parent
states on the basis of data from the districts that now
constitute these states. The findings are also presented for
four groups of states based on epidemiological transition
level (ETL) as described previously.” Briefly, ETL state
groups were defined on the basis of the ratio of DALYs
from communicable, maternal, neonatal, and nutritional
diseases to those from NCDs and injuries combined in
2016, with a lower ratio indicating higher ETL: low ETL
(ratio 0-56-0-75), lower-middle ETL (0-41-0-55), higher-
middle ETL (0-31-0-40), and high ETL (<0-31).” We have
previously reported that epidemiological transition ratios
of the states of India have a significant inverse relation
with the Socio-demographic Index calculated by GBD on
the basis of income, education, and fertility levels, which
indicates broad correspondence of the ETL groups with
sociodemographic development levels.”

We present prevalence, deaths, and DALYs for diabetes
and age-specific and sex-specific prevalence of diabetes for
India in 1990 and 2016. We present the proportion of

diabetes DALYs that could be attributed to various risk
factors in 2016. We report the changes in overweightin
adults aged 20 years or older using the definition of BMI
25 kg/m2 or more.” We also assessed the contribution of
high FPG to ischaemic heart disease, chronic kidney
disease, cerebrovascular disease, tuberculosis, neoplasms,
Alzheimer’s disease and other dementias, cataracts, and
others. Given the strong association between diabetes and
overweight, we calculated the number of adults with
diabetes per 100 overweight adults in India, and compared
this estimate with the global average.” We compared the
age-standardised DALY rate of diabetes in 2016 in India
with the global average.’

We present both crude and age-standardised estimates
as relevant. Crude estimates provide the actual situation
in each state that is useful for policy makers, and age-
standardised estimates allow comparisons over time and
between states after adjusting for the differences in the
age structure of the population. The age-standardised
rates were based on the GBD global reference population.”
The estimates are reported with 95% uncertainty intervals
(Uls) where relevant. These intervals were based on
1000 runs of the models for each quantity of interest, with
the mean considered as the point estimate and the
2-5th and 97-5th percentiles considered as the 95% Ul
(appendix p 21).*

9§ G S

Age groups (years)

Males Females
224 -@-2016 -
19.
50| @ 1990 g 193122 |
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Figure 2: Age-sex-specific prevalence of diabetes in India, 1990 and 2016

Crude death rate per Deaths per 100000 from  Percentage of total

Deaths per 100000 from  Percentage of total

100000 (95% Ul) diabetesat <70yearsof ~ deaths from diabetesat  diabetesat =z70yearsof  deaths from diabetes at
age (95% Ul) <70years of age (95% Ul)  age (95% Ul) 270 years of age (95% Ul)
Low ETL 18-3 (16-5-19:9) 8-8 (8-1-10-0) 46-6% (44-9-48-7) 318-2 (277-0-349:6) 53-4% (51-3-55-1)
Lower-middle ETL 21-2 (19-2-23-1) 9-1(8-1-10-0) 41-3% (39-2-43-5) 3743 (337-4-417-1) 58.7% (56-5-60-8

100 (9:3-107)
174 (15-8-19-2)
102 (9-6-10-7)

High ETL 432 (38:7-47-2)

(

(
Higher-middle ETL 234 (21-6-25-1)
(

India 23-1(21-4-24-5)

ETL=epidemiological transition level. Ul=uncertainty interval.

41-0% (39-6-42-5)
38-4% (36:6-40-4)
42-6% (41-6-43-9)

3717 (337-2-402-0)
5567 (495-4-614-3)
3786 (344-5-404-3)

)
59-0% (57-5-60-4)
61-6% (59-6-63-4)
57-4% (56:1-58-4)

Table 2: Deaths from diabetes at age less than 70 years versus older age in the states of India grouped by ETL, 2016
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Crude DALY rate
per 100000 (95% UI)

Age-standardised DALY rate
per 100000 (95% Ul)

India

792 (682-926) 1059 (923-1223)

Low ETL

647 (556-757) 957 (830-1106)

Bihar

Jharkhand

Uttar Pradesh
Rajasthan
Meghalaya
Assam
Chhattisgarh
Madhya Pradesh
Odisha

611 (519-710)
632 (524-761)
651 (552-766)
443 (364-543)
468 (391-557)
787 (670-917)
776 (649-917)
741 (615-892)
730 (605-863)

972 (837-1121)
965 (803-1149)
990 (846-1153)
642 (536-775)
921 (782-1076)
1187 (1019-1359)
1075 (907-1253)
1044 (882-1238)
893 (749-1047)

Lower-middle ETL

729 (622-860) 1003 (868-1166)

Arunachal Pradesh
Mizoram
Nagaland
Uttarakhand
Gujarat

Tripura

Sikkim

Manipur

527 (431-627)
513 (421-623)
440 (360-536)
795 (666-933)
729 (619-866)
734 (589-894)
549 (441-663)
947 (801-1109)

1033 (859-1208)
803 (670-963)
822 (689-974)

1042 (882-1211)
990 (847-1153)
972 (789-1183)
931 (768-1106)

1410 (1209-1640)

Higher-middle ETL

808 (687-954) 1018 (881-1183)

Haryana

Delhi

Telangana

Andhra Pradesh
Jammu and Kashmir
Karnataka

West Bengal
Maharashtra

Union territories other than Delhi

817 (695-960)
869 (697-1072)
733 (601-886)
841 (698-1006)
586 (480-701)
1202 (1017-1409)
600 (495-731)
788 (659-939)
784 (635-957)

1116 (958-1292)
1295 (1069-1557)
899 (746-1076)

1038 (871-1227)
835 (700-980)
1529 (1310-1779)
756 (633-907)
939 (796-1101)
1115 (918-1348)

High ETL

1479 (1277-1722)

Himachal Pradesh
Punjab

Tamil Nadu

Goa

Kerala

Ratio of the state DALY rates to median DALY rates of all states
<075 [3075-0-99 [J1.00-124 [125-149 [1.50-1.74 EA=175

512 (412-632) 570 (465-694)

1526 (1308-1755)

1190 (1008-1396)
1033 (839-1260)

1090 (910-1294)
1094 (883-1347)

Figure 3: Crude and age-standardised DALY rates of diabetes in the states of India, 2016
DALY=disability-adjusted life-year. ETL=epidemiological transition level.
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Role of the funding source

Some staff of the Indian Council of Medical Research are
coauthors on this paper because they contributed to
various aspects of the study and this analysis. The other
funder of the study had no role in the study design, data
collection, data analysis, data interpretation, or writing of
this paper. The corresponding author had full access to
all the data in the study, and had final responsibility for
the decision to submit for publication.

Results

There were 65-0 million (95% UI 58-7-71-1) prevalent
cases of diabetes in India in 2016 (appendix p 31),
compared with 26-0 million (23-4-28-6) in 1990.” The
crude prevalence of diabetes in adults aged 20 years or
older in India increased by 39-4% from 5-5% (4-9-6-1) in

1990 to 7-7% (6-9-8-4) in 2016, with an increase in every
state of India from 1990 to 2016. Age-standardised
prevalence increased by 29-7% (26-5-32-6), with the
highest increase in states with relatively low crude
prevalence in 1990, most of which belonged to the
low and lower-middle ETL groups (table 1; figure 1;
appendix p 32). There was a 2-5 times variation in the
prevalence of diabetes between the states in 2016, with the
highest prevalence in the south Indian states of Tamil
Nadu and Kerala (high ETL) and Delhi (higher-middle
ETL), followed by Punjab and Goa (high ETL), and
Karnataka (higher-middle ETL; figure 1; appendix p 32).
Himachal Pradesh was a notable exception in the high
ETL group, with a relatively low prevalence (appendix p 32).
The age-specific prevalence of diabetes in India increased
with increasing age in both 1990 and 2016. The divergence
between the prevalence in 1990 and 2016 started in young
adults, becoming statistically significant for men at
50-54 years (from 10-1% [95% UI 8-7-11-5] in 1990 to
13-6% [11-8-15-4] in 2016) and for women at 55-59 years
(from 10-4% [9-1-11-7] in 1990 to 13-5% [11-9-15-2] in
2016) and remained significant in all older age groups
(figure 2; appendix p 33).

Diabetes contributed to 3-1% (95% UI 2-9-3-3) of the
total deaths in India, with slight variation among men
(2-9%, 95% UI 2-7-3-0) and women (3-4%, 3-0-3-7;
appendix p 34). The crude death rate due to diabetes
increased in India from 1990 to 2016 by 131% (111-150)
from 10-0 (95% UI 8-9-11-0) to 23-1 (21-4-24-5) per
100000, and the age-standardised death rate increased by
64% (48-79). Of the total deaths due to diabetes in 2016,
42-6% (41-6—43-9) were in people younger than 70 years,
and this proportion was highest in the low ETL group
(table 2). However, the crude death rate was highest in the
high ETL group (table 2).

Diabetes contributed to 2-2% (95% UI 2-1-2-4) of the
total DALYs in India in 2016 (appendix p 34). Of the total
diabetes DALYs in 2016, 57-2% were from YLLs and
42-8% from YLDs.” The percentage of total DALYs due
to diabetes was lowest in the low ETL group (1-7%, 95% UI
1-5-1-9) and highest in the high ETL group
(4-3%, 4-0—4-7; appendix p 34). The crude DALY rate of
diabetes in 2016 varied 3-7 times between the states, with
the highest in Tamil Nadu and Punjab in the high ETL
group, followed by Karnataka in the higher-middle ETL
group; the age-standardised DALY rates were also highest
in these three states (figure 3). The crude DALY rate of
diabetes increased across all ETL state groups from 1990
to 2016. The increase in the age-standardised DALY rate
since 1990 was generally the highest in states with a
relatively low DALY rate in 1990 (figure 4; appendix p 35).
The highest change exceeding 60% was in the states of
Chhattisgarh, Uttar Pradesh, and Madhya Pradesh in
the low ETL group; Nagaland in the lower-middle ETL
group; and Haryana in the higher-middle ETL group.
Among the major NCDs, diabetes had the highest
increase in DALY rate in India from 1990 to 2016, with
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a crude increase of 80-0% (95% UI 71-6-88-5) and
an age-standardised increase of 39-6% (32-1-46-7;
appendix p 36).” In 2016, the age-standardised DALY rate
of diabetes in India was 1-3 times the global average.’

Among the risk factors contributing to diabetes in
India in 2016, high BMI had the highest impact, with
36-0% (95% Ul 22-6-49-2) of the diabetes DALYs
attributed to it (figure 5). The other risk factors included
dietary risks, tobacco use, occupational exposure to
second-hand smoke, low physical activity, and alcohol
use. It is important to note that the cumulative impact
of the risk factors would be less than the sum of
their individual contribution because the risk factors
overlap. In addition, population-attributable fractions
from components can add up to more than their sum
even if they are independent. The contribution of high
BMI was higher in females than in males, whereas the
contribution of tobacco use, occupational exposure to
second-hand smoke, and alcohol use were relatively
higher in men than in women. The percentage of
diabetes DALYs attributed to high BMI was relatively
higher in the high ETL state group (50-4% [95% UI
35-3-63-1]; appendix p 37).

In addition to the 792 DALYs per 100000 population
from diabetes in India in 2016, high FPG also con-
tributed substantially to DALYs for other conditions,
which included ischaemic heart disease (607 DALYs
[95% UI 384-918] per 100000 population), chronic
kidney disease (330 DALYs [285-383]), stroke (226 DALYs
[149-324]), tuberculosis (103 DALYs [67-142]), cancers
(30 DALYs [8-61]), Alzheimer’s disease and other
dementias (12 DALYs [3-26]), and cataract (11 DALYs
[2-25]).

The prevalence of overweight in adults aged 20 years or
older in India increased from 9-0% (95% UI 8-7-9-3) in
1990 to 20-4% (19-9-20-8) in 2016. This increase occurred
in every state of India, with a 3-5 times variation across the
states in 2016 (figure 6; appendix pp 38-39). There were
substantial variations in the magnitude of increase within
each ETL state group: 58-147% in the low ETL group,
95-211% in the lower-middle ETL group, 36-311% in the
higher-middle ETL group, and 101-184% in the high ETL
group. The highest prevalence of overweight in 2016 was
in the high ETL group (32-2%, 95% UI 31-1-33-4), and
the lowest in the low ETL and lower-middle ETL groups
(both 16-9%; appendix p 38). The states of Punjab,
Goa, Kerala, and Tamil Nadu in the high ETL group;
Uttarakhand and Sikkim in the lower-middle ETL group;
and Delhi in the higher-middle ETL group had the highest
prevalence of overweight in India.

Among every 100 overweight adults aged 20 years or
older in India in 2016, there were 38 adults (95% Ul
34-42) with diabetes, compared with the global average
of 19 adults (17-21). This rate in India was higher for
men (42 [95% UI 38-47] for every 100 overweight men)
than for women (33 [30-37] for every 100 overweight
women).
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Discussion

The findings in this report present a comprehensive
picture of the rising trend of diabetes in every state of
India over the past quarter century. The prevalence of
diabetes in adults aged 20 years or older in India increased
from 5-5% in 1990 to 7-7% in 2016. This prevalence was
highest in the more developed states such as Tamil Nadu
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Figure 6: Prevalence of overweight in adults aged 20 years or older in the states of India, 1990 and 2016

and Kerala and in Delhi. Previous prevalence studies on
diabetes in India, although not strictly comparable with
each other or with the present analysis on account of
significant  differences in sample selection and
methodology, have also confirmed this increase in
prevalence.®* Studies have shown that Asian Indians
have one of the highest incidence rates of diabetes
among major ethnic groups, and that progression from
prediabetes to diabetes appears to occur faster in this
population.”? Our estimate of 65 million people with
diabetes in India in 2016 is close to the 73 million estimate
for 2017 reported by the International Diabetes Federation,
with overlapping confidence intervals.’

The prevalence of diabetes increased in every state of
India from 1990 to 2016, with a 2-5 times variation in
prevalence across the states in 2016. Some of the highest
increases in age-standardised prevalence from 1990 to
2016 were in the less developed states. This will pose
novel challenges to the health-care systems in these
states that are currently geared predominantly to the
management of communicable diseases. However, the
current relatively lower prevalence of diabetes in the less
developed states offers a window of opportunity wherein
measures can be planned and implemented in the less
developed states to prevent further increases in the
prevalence of diabetes and to strategically realign health-
care services to meet the rising challenge of NCDs,
especially diabetes. This is particularly important because
many of the less developed states are among the most
populous in India, and even small increases in diabetes
prevalence in these states will have enormous implications
for the magnitude of the diabetes burden in the country.
However, it should also be noted that there is considerable
heterogeneity in the trajectory of diabetes even within

the ETL state groups. For instance, Himachal Pradesh,
despite being a high ETL state, had a relatively low
prevalence of diabetes, whereas Madhya Pradesh (low
ETL state) and Tripura (lower-middle ETL state) had
higher prevalence of diabetes than did other states in
their ETL group. The magnitude of change in the
prevalence of diabetes among the northeastern states of
Manipur and Tripura was very different, even though
both states belong to the lower-middle ETL group and are
geographically adjacent to each other. This heterogeneity
in the prevalence of diabetes within the ETL state groups
highlights that individual NCDs do not necessarily follow
the overall NCD trends that are used to define ETL. As
compared with 1990, we observed higher age-specific
prevalence of diabetes in 2016, starting in the young adult
age groups, that reached statistical significance at age
50-54 years in men and 55-59 years in women. This
finding is worrying because it portends further large
increases in the burden of diabetes and its attendant
complications in the productive age groups in the future.

Diabetes contributed to 3-1% of all deaths in India,
with an increase in both crude (131%) and age-
standardised (64%) death rates due to diabetes from 1990
to 2016. If this trend continues, it will pose challenges for
meeting the national and global targets for reducing
NCD deaths. The crude death rate was highest in the
more developed high ETL state group. The increase in
both the prevalence and death rates from diabetes points
to possible shortfalls in the management of diabetes,
such as delayed diagnosis, suboptimal glycaemic control,
and failure to screen for early-stage complications,
rendering people with diabetes more prone to the
development of late-stage complications with attendant
morbidity and mortality. A recent multistate study has
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reported that 47% of the diabetes cases in the population
were undiagnosed, which highlights the poor awareness
and detection of diabetes in India.® It is important to
note that 43% of deaths due to diabetes in India in 2016
were in people younger than 70 years. It is of concern
that the states in the low ETL group, which had the
lowest prevalence of diabetes, had the highest proportion
of deaths due to diabetes among people younger than
70 years, again indicating possible inadequacies in
diabetes management.

The increase in DALYs from diabetes since 1990 in
India is the highest among major NCDs. The DALY rate
of diabetes increased in every state of India from 1990 to
2016, with substantial heterogeneity of 3-7 times between
the states in 2016. Diabetes did not feature among the top
30 causes of DALYs in India in 1990, but was the
13th leading cause of disease burden in 2016.”*# Within
India, the highest increases in diabetes DALYs occurred
in states in the less developed low ETL group. This
finding has important implications for the future
economic progress of these states, many of which are
among the least developed in India. It is also worrying
that YLLs contributed more to the total diabetes DALYs
than did YLDs; however, this is likely to change with
improvements in sociodemographic parameters, as has
occurred for other NCDs elsewhere in the world.”

Among risk factors contributing to DALYs across all
causes in India, high FPG was the fifth leading risk
factor.”*? Besides contributing to diabetes, the con-
tribution of high FPG to disease burden from other
conditions is substantial in India, with DALYs attributable
to high FPG for ischaemic heart disease, chronic kidney
disease, stroke, tuberculosis, and other conditions
together exceeding the DALYs attributable to high FPG
for diabetes.

High BMI was the most important risk factor
contributing to diabetes in India, suggesting that
targeting overweight might offer the best results in
slowing down the rising trend in diabetes across India.
The prevalence of overweight in adults aged 20 years or
older in India doubled from 1990 to 2016, with an
increase observed in every state of India. This increase is
attributable to the switch from traditional foodstuffs to
energy-intense, nutrient-poor, high-carbohydrate diets;
increasingly sedentary occupations; and low levels of
recreational physical activity occurring as a consequence
of urbanisation and socioeconomic transition.”** The
higher proportion of diabetes in India among overweight
adults observed in this study compared with the global
average highlights an increased risk of diabetes at lower
levels of BMI among Indians. The possible explanations
suggested for this phenomenon include low birth-
weight of Indians leading to low metabolic capacity
coupled with high metabolic load that could be due to
high levels of body fat, high dietary glycaemic load, and
sedentary behaviour.** Overweight is related to dietary
risks, which we also found to be a major risk factor
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for diabetes. In this GBD analysis, we found a relatively
lower contribution of low physical activity and higher
contribution of tobacco use to diabetes in India than in
some previous reports.”* These differences could be
due to variations in exposure definitions of the risks
and other aspects of study design. For example, the
reason for the lower estimate of low physical activity
could have been the inclusion of more cohort studies
and quantification of total physical activity across all do-
mains, whereas other studies might not have captured
the full spectrum of physical activity, often limiting
comparisons between leisure time or low physical activity
with higher levels of physical activity.” Similar reasons
may be responsible for the differences in the association
between tobacco use and diabetes in GBD versus the
previous studies. These differences highlight the need
for more research to understand the link between these
risk factors and diabetes in the Indian context. In any
case, physical activity has an important role in reducing
overweight, and both physical activity and tobacco use
control are important for preventing a variety of NCDs,
and therefore should be promoted.

With the rising trajectory of diabetes in every part of
India, more effective health policy interventions are
needed to reverse this trend. The National Programme
for Prevention and Control of Cancer, Diabetes, Cardio-
vascular Diseases and Stroke, launched in 2010, aims to
prevent and control diabetes through behaviour and
lifestyle changes, early diagnosis and management, and
increasing health system capacity.”® Implementation of
this programme across the states of India has been
gradual, but is expected to help to reduce the burden of
NCDs, including diabetes and its risk factors. Ayushman
Bharat, the National Health Protection Mission, has been
recently announced by the Indian Government, and
includes health insurance for poor people and the
establishment of 150000 Health and Wellness Centres
across India to provide compehensive primary health-
care services that are aligned with the leading causes of
disease burden, including diabetes.** Effective policy
implementation, if combined with appropriate allocation
of financial and human resources, and robust disease
monitoring systems, would help in prevention, treat-
ment, and reduction of diabetes deaths, which in turn
would curb the growing disease burden in each state
of India.

The general limitations of the GBD approach have
been described elsewhere.”” Other limitations specific
for India included an incomplete medically certified
cause of death reporting system that covers only a small
proportion of the population in India with variable
coverage across the states. To address this limitation in
the analysis, cause of death data obtained through verbal
autopsy as part of the Sample Registration System from
all states in India were used, which have been shown
to be a reasonable alternative when cause of death data
are not available from the vital registration system.”
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Improvements are needed in the vital registration system
of India for better data on cause of death. Additionally,
data on sequelae of diabetes are not available from all
parts of India, and although population-based FPG data
have become available recently from nationwide surveys,
these are not available for earlier years. Another challenge
is the potential variability in the quality of different large-
scale surveys that might lead to discrepant estimates
from different sources. However, the use of multiple
sources in the GBD approach minimises the possibility
of erroneous trends. The strength of the findings in this
report includes calculation of diabetes estimates and
the major risk factors using all available data sources
that could be accessed for each state of India, application
of standard GBD methodology, and analysis and
interpretation of findings over the past 26 years with
inputs from leading health scientists and policy makers
in India.

In conclusion, although the prevalence of diabetes
remains higher in economically and epidemiologically
advanced states, it has increased more rapidly in the less
developed states, which are home to a large proportion of
India’s population. The increase in prevalence of and
premature deaths due to diabetes highlighted here, along
with other state-specific findings, underlines the need for
policy and health-system action commensurate with
disease burden in each state to ensure more effective
prevention and management of diabetes. If uncontrolled,
the health costs of diabetes and its complications are
likely to take a heavy toll on India’s health-care system in
the coming decades. India should notlose the opportunity
to address the major risks for diabetes before the
situation gets further out of control.

India State-Level Disease Burden Initiative Diabetes Collaborators

Nikhil Tandon, Ranjit M Anjana, Viswanathan Mohan, Tanvir Kaur,
Ashkan Afshin, Kanyin Ong, Satinath Mukhopadhyay, Nihal Thomas,
Eesh Bhatia, Anand Krishnan, Prashant Mathur, R S Dhaliwal,

D K Shukla, Anil Bhansali, Dorairaj Prabhakaran, Paturi V Rao,
Chittaranjan S Yajnik, G Anil Kumar, Chris M Varghese, Melissa Furtado,
*Sanjay K Agarwal, *Megha Arora, *Deeksha Bhardwaj, *Joy K Chakma,
*Leslie Cornaby, *Eliza Dutta, *Scott Glenn, *N Gopalakrishnan,
*Rajeev Gupta, *Panniyammakal Jeemon, *Sarah C Johnson,

*Tripti Khanna, *Sanjay Kinra, *Michael Kutz, *Pallavi Muraleedharan,
*Nitish Naik, *Chrisopher M Odell, *Anu M Oommen,

*Jeyaraj D Pandian, *Sreejith Parameswaran, *Sanghamitra Pati,
*Narayan Prasad, *D Sreebhushan Raju, *Ambuj Roy,

*Meenakshi Sharma, *Chander Shekhar, *Sharvari R Shukla,
*Narinder P Singh, *J S Thakur, *Ranjit Unnikrishnan,

*Santosh Varughese, *Denis Xavier, *Geevar Zachariah, Stephen S Lim,
Mohsen Naghavi, Rakhi Dandona, Theo Vos, Christopher ] L Murray,
7K Srinath Reddy, +Soumya Swaminathan, {Lalit Dandona.

*Names listed alphabetically. {Joint senior authors.

Affiliations

Department of Endocrinology (Prof N Tandon PhD), Centre for
Community Medicine (Prof A Krishnan PhD), Department of Nephrology
(Prof S K Agarwal DNB), and Department of Cardiology (Prof N Naik DM,
Prof A Roy DM), All India Institute of Medical Sciences, New Delhi,
India; Madras Diabetes Research Foundation and Dr Mohan’s Diabetes
Specialities Centre, Chennai, India (R M Anjana MD, V Mohan DSc,

R Unnikrishnan MD); Indian Council of Medical Research, New Delhi,
India (T Kaur PhD, R S Dhaliwal MS, D K Shukla PhD, ] K Chakma MD,
T Khanna PhD, M Sharma PhD, C Shekhar MD, S Swaminathan MD);

Institute for Health Metrics and Evaluation, University of Washington,
Seattle, WA, USA (A Afshin MD, K Ong PhD, M Arora BSA,

L Cornaby BS, S Glenn MSc, S C Johnson MSc, M Kutz BS,

CM Odell MPP, Prof S S Lim PhD, Prof M Naghavi PhD,

Prof R Dandona PhD, Prof T Vos PhD, Prof C ] L Murray MD,

Prof L Dandona MD); Department of Endocrinology and Metabolism,
Institute of Postgraduate Medical Education and Research, Kolkata, India
(Prof S Mukhopadhyay DM); Department of Endocrinology, Diabetes and
Metabolism (Prof N Thomas FRCP), Community Health Department

(A M Oommen MD), and Department of Nephrology

(Prof S Varughese FRCP), Christian Medical College, Vellore, India;
Department of Endocrinology (Prof E Bhatia MD), and Department of
Nephrology (Prof N Prasad DM), Sanjay Gandhi Postgraduate Institute of
Medical Sciences, Lucknow, India; National Centre for Disease
Informatics and Research, Indian Council of Medical Research,
Bengaluru, India (P Mathur PhD); Department of Endocrinology

(Prof A Bhansali DM) and School of Public Health (Prof ] S Thakur MD),
Postgraduate Institute of Medical Education and Research, Chandigarh,
India; Public Health Foundation of India, Gurugram, India

(Prof D Prabhakaran DM, G A Kumar PhD, C M Varghese MPH,

M Furtado MPH, D Bhardwaj BDS, E Dutta PhD,

P Muraleedharan MHA, Prof R Dandona, Prof K S Reddy DM,

Prof L Dandona); Kumudini Devi Diabetes Research Center, Ramdevrao
Hospital, Hyderabad, India (Prof P V Rao MD); Kamalnayan Bajaj
Diabetology Research Centre, King Edward Memorial Hospital Research
Centre, Pune, India (Prof C S Yajnik MD, Prof S R Shukla); Institute of
Nephrology, Madras Medical College, Chennai, India

(Prof N Gopalakrishnan DM); Academic Research Development Unit,
Rajasthan University of Health Sciences, Jaipur, India (R Gupta PhD);
Sree Chitra Tirunal Institute for Medical Sciences and Technology,
Trivandrum, India (P Jeemon PhD); Department of Non-Communicable
Disease Epidemiology, London School of Hygiene & Tropical Medicine,
London, UK (Prof S Kinra PhD); Department of Neurology, Christian
Medical College, Ludhiana, India (Prof ] D Pandian DM); Department of
Nephrology, Jawaharlal Institute of Postgraduate Medical

Education & Research, Puducherry, India (S Parameswaran DM);
Regional Medical Research Centre, Indian Council of Medical Research,
Bhubaneswar, India (S Pati MD); Department of Nephrology,

Nizam’s Institute of Medical Sciences, Hyderabad, India

(Prof D S Raju DM); Symbiosis Statistical Institute, Symbiosis
International University, Pune, India (Prof S R Shukla); Department of
Internal Medicine, Max Super Speciality Hospital, Ghaziabad, India
(Prof N P Singh MD); Department of Pharmacology, St John’s Medical
College and Division of Clinical Research and Training, St John’s
Research Institute, Bengaluru, India (Prof D Xavier MD); and Department
of Cardiology, Mother Hospital, Thrissur, India (G Zachariah DM).

Contributors

NTa and LD conceptualised this paper and drafted it with contributions
from RMA, VM, TKa, AA, KO, CMV, MF, and TV. The other authors
provided data, or participated in the analysis, or reviewed the findings
(or a combination of these), and contributed to the interpretation.

All authors agreed with the final version of the paper.

Declaration of interests

TKa, PMa, RSD, DKS, JKC, TKh, SPat, MS, CS, and SS are or have been
employees of the Indian Council of Medical Research, which partially
funded this research. DX reports grants from Boehringer Ingelheim,
Bristol-Myers Squibb, Cadila Pharmaceuticals, Pfizer, Sanofi-Aventis,
and United Health. All other authors declare no competing interests.

Acknowledgments

The research reported in this publication was funded by the

Bill & Melinda Gates Foundation and the Indian Council of Medical
Research, Department of Health Research, Government of India.

The content of this publication is solely the responsibility of the authors
and does not necessarily represent the official views of the Bill &
Melinda Gates Foundation or the Government of India. We gratefully
acknowledge the Ministry of Health and Family Welfare of the
Government of India for its support and encouragement of the India
State-Level Disease Burden Initiative; the governments of the states of
India for their support of this work; the many institutions and
investigators across India who provided data for this study; the valuable

www.thelancet.com/lancetgh Vol 6 December 2018



Articles

guidance of the Advisory Board of this Initiative; and the large number
of staff at the Indian Council of Medical Research, Public Health
Foundation of India, and the Institute for Health Metrics and Evaluation
for their contribution to various aspects of the work of this Initiative.

References

1  International Diabetes Federation. IDF Diabetes Atlas, 8th edn.
International Diabetes Federation, 2017 http://diabetesatlas.org/
resources/2017-atlas.html (accessed March 8, 2018).

2 WHO. Global report on diabetes. Geneva: World Health
Organization, 2016.

3 Institute for Health Metrics and Evaluation. GBD compare data
visualization. http://vizhub.healthdata.org/gbd-compare (accessed
March 3, 2018).

4 United Nations General Assembly. Resolution adopted by the General
Assembly on 27 July 2012: the future we want (A/RES/66/288).

Sept 11, 2012. http://www.un.org/ga/search/view_doc. asp?’symbol=A/
RES/66/288&Lang=E (accessed March 3, 2018).

5  WHO. Global action plan for the prevention and control of
noncommunicable diseases: 2013-2020. 2013. http://apps.who.int/
iris/bitstream/10665/94384/1/9789241506236_eng.pdf (accessed
March 8, 2018).

6  WHO. Global status report on noncommunicable diseases 2014.
http://apps.who.int/iris/bitstream/10665/148114/1/ 9789241564854 _
eng.pdf (accessed March 8, 2018).

7 United Nations Economic and Social Council. Report of the inter-
agency and expert group on Sustainable Development Goal
indicators (E/CN.3/2017/2). Dec 15, 2016. https://unstats.un.org/
unsd/statcom/47th-session/documents/2016-2-IAEG-SDGs-E.pdf
(accessed March 13, 2018)

8  United Nations Economic and Social Council. Progress towards the
Sustainable Development Goals: report of the Secretary-General
(E/2017/66). May 11, 2017, http://www.un.org/ga/search/view_doc.
asp?symbol=E/2017/66&Lang=E (accessed Feb 28, 2018).

9  Ministry of Health and Family Welfare, Government of India.
National health policy 2017 https://mohfw.gov.in/sites/default/
files/9147562941489753121.pdf (accessed May 18, 2018).

10 Ramachandran A. Epidemiology of diabetes in India—
three decades of research. J Assoc Physicians India 2005; 53: 34-38.

11  Gupta R, Misra A. Type 2 diabetes in India: regional disparities.

Br ] Diabetes Vasc Dis 2007; 7: 12-16.

12 Mohan V, Sandeep S, Deepa R, Shah B, Varghese C. Epidemiology
of type 2 diabetes: Indian scenario. Indian | Med Res 2012;

136: 705.

13 Sen S, Chakraborty R, De B, Devanna N. Trends in diabetes
epidemiology in Indian population in spite of regional disparities:
a systemic review. Int | Diabetes Dev Ctries 2015; 35: 264-79.

14  Unnikrishnan R, Anjana RM, Mohan V. Diabetes mellitus and its
complications in India. Nat Rev Endocrinol 2016; 12: 357-70.

15  Government of India. The Constitution of India. New Delhi:
Government of India. https://www.india.gov.in/my-government/
constitution-india/constitution-india-full-text (accessed Aug 20, 2018).

16  National Health Systems Resource Centre, National Health Mission,
Ministry of Health and Family Welfare, Government of India.
National health accounts estimates for India (2014-15). New Delhi:
Ministry of Health and Family Welfare, Government of India, 2017,

17  India State-Level Disease Burden Initiative Collaborators. Nations
within a nation: variations in epidemiological transition across the
states of India, 1990-2016 in the Global Burden of Disease Study.
Lancet 2017; 390: 2437-60.

18 ICMR, PHFI, IHME. India: health of the nation’s states—the India
State-Level Disease Burden Initiative. New Delhi: Indian Council of
Medical Research, Public Health Foundation of India, and Institute
for Health Metrics and Evaluation, 2017,

19 GBD 2016 Causes of Death Collaborators. Global, regional,
and national age-sex specific mortality for 264 causes of death,
1980-2016: a systematic analysis for the Global Burden of Disease
Study 2016. Lancet 2017; 390: 1151-210.

20 GBD 2016 Mortality Collaborators. Global, regional, and national
under-5 mortality, adult mortality, age-specific mortality, and life
expectancy, 1970-2016: a systematic analysis for the Global Burden
of Disease Study 2016. Lancet 2017; 390: 1084-150.

www.thelancet.com/lancetgh Vol 6 December 2018

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

GBD 2016 Disease and Injury Incidence and Prevalence
Collaborators. Global, regional, and national incidence, prevalence,
and years lived with disability for 328 diseases and injuries for

195 countries, 1990-2016: a systematic analysis for the Global
Burden of Disease Study 2016. Lancet 2017; 390: 1211-59.

GBD 2016 DALYs and HALE Collaborators. Global, regional,

and national disability-adjusted life-years (DALYs) for 333 diseases
and injuries and healthy life expectancy (HALE) for 195 countries
and territories, 1990-2016: a systematic analysis for the Global
Burden of Disease Study 2016. Lancet 2017; 390: 1260—344.

GBD 2016 Risk Factors Collaborators. Global, regional, and national
comparative risk assessment of 84 behavioural, environmental and
occupational, and metabolic risks or clusters of risks, 1990-2016:

a systematic analysis for the Global Burden of Disease Study 2016.
Lancet 2017; 390: 1345-422.

American Diabetes Association. Classification and diagnosis of
diabetes. Diabetes Care 2015; 38: S8-16.

GBD 2015 Obesity Collaborators. Health effects of overweight and
obesity in 195 countries over 25 years. N Engl ] Med 2017; 377: 13-27.
WHO Expert Consultation. Appropriate body-mass index for Asian
populations and its implications for policy and intervention
strategies. Lancet 2004; 363: 157-63.

Indian Council of Medical Research, Public Health Foundation of
India, Institute for Health Metrics and Evaluation. GBD India
compare data visualization. http://vizhub.healthdata.org/
gbd-compare/india (accessed March 18, 2018).

Ramachandran A, Snehalatha C, Kapur A, et al. High prevalence of
diabetes and impaired glucose tolerance in India: National Urban
Diabetes Survey. Diabetologia 2001; 44: 1094-101.

Sadikot SM, Nigam A, Das S, et al. The burden of diabetes and
impaired fasting glucose in India using the ADA 1997 criteria:
prevalence of diabetes in India study (PODIS).

Diabetes Res Clin Pract 2004; 66: 293-300.

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.

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, 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.
Popkin BM. The nutrition transition and obesity in the developing
world. J Nutr 2001; 131: 871S-73S.

Yajnik CS, Ganpule-Rao AV. The obesity-diabetes association: what
is different in Indians? Int | Low Extrem Wounds 2010; 9: 113-15.
Wells JCK, Pomeroy E, Walimbe SR, Popkin BM, Yajnik CS.

The elevated susceptibility to diabetes in India: an evolutionary
perspective. Front Public Health 2016; 4: 145.

Anjana RM, Sudha V, Nair DH, et al. Diabetes in Asian Indians—
how much is preventable? Ten-year follow-up of the Chennai
Urban Rural Epidemiology Study (CURES-142).

Diabetes Res Clin Pract 2015; 109: 253-61.

Kyu HH, Bachman VF, Alexander LT, et al. Physical activity and risk
of breast cancer, colon cancer, diabetes, ischemic heart disease,
and ischemic stroke events: systematic review and dose-response
meta-analysis for the Global Burden of Disease Study 2013.

BM]J 2016; 354: i3857.

Directorate General of Health Services, Ministry of Health and
Family Welfare, Government of India. National Programme for
Prevention and Control of Cancer, Diabetes, Cardiovascular
Diseases and Stroke. http://dghs.gov.in/content/1363_3_

National ProgrammePreventionControl.aspx (accessed Feb 28, 2018).
Press Information Bureau, Cabinet, Government of India. Cabinet
approves Ayushman Bharat—National Health Protection Mission.
March 21, 2018. http://pib.nic.in/newsite/PrintRelease.
aspxrrelid=177816 (accessed March 26, 2018).

Press Information Bureau, Ministry of Finance, Government of
India. Summary of budget 2018-19. Feb 1, 2018. http://pib.nic.in/
newsite/PrintRelease.aspx?relid=176062 (accessed Feb 28, 2018).

e1362



	The increasing burden of diabetes and variations among the
states of India: the Global Burden of Disease Study
1990–2016
	Introduction
	Methods
	Overview
	Estimation of prevalence and years lived with disability
	Estimation of deaths, years of life lost, and
disability-adjusted life-years
	Estimation of risk factor exposure and attributable
disease burden
	Analysis presented in this paper
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


