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Background: Diabetes, hyperglycemia, and their complications are a growing problem in 

India. However, no comprehensive picture of this disease burden has yet been presented to date.

Methods: I used aggregate data from the Global Burden of Disease 2016 to describe the burden 

of diabetes and its risk factors, chronic kidney disease (CKD) due to diabetes, and diseases 

caused by high fasting plasma glucose from 1990 to 2016 in India.

Results: Deaths due to diabetes accounted for 3.1% (95% uncertainty interval [UI]: 2.9–3.3) of 

all deaths in India in 2016, up from 0.98% (95% UI: 0.87–1.1) of all deaths in 1990. Diabetes 

and hyperglycemia accounted for 27.5 million disability-adjusted life years in 2016, of which 

diabetes accounted for 10 million. Diabetes contributes to the causation of ischemic heart dis-

ease, stroke, CKD, peripheral artery disease, specific cancers, and tuberculosis via intermediate 

hyperglycemia. High body mass index, dietary factors (diet low in fruits, nuts and seeds, and 

whole grains), and tobacco use were the most important risk factors for diabetes.

Conclusion: Diabetes and CKD due to hyperglycemia pose a large and increasing burden in 

India. Urgent programs and policies are needed to reduce the identified risk factors for diabetes 

and its burden.

Keywords: diabetes, hyperglycemia, mortality, morbidity, chronic kidney disease, ischemic 

heart disease, tuberculosis

Introduction
Noncommunicable diseases (NCDs) are a major threat to global health responsible 

for ~72% of all deaths in the year 2016.1 Diabetes mellitus (DM) is among the four 

major NCDs warranting immediate attention. International Diabetes Federation esti-

mated that ~425 million people had DM in 2017 and this number is expected to rise 

to 629 million by 2045. DM claimed ~4 million adult deaths in 2017. More than 75% 

of subjects with DM live in low- and middle-income countries (LMICs).2 The actual 

extent and size of the burden attributable to DM is still unknown to us especially in 

data-deficient LMICs. Apart from causing death and disability directly, diabetes also 

affects populations though its dreaded complications, most notably cardiovascular and 

renal disease, requiring complex approaches to get a complete picture of the burden of 

the disease. This requires a sound national database for disease incidence, prevalence, 

morbidity, including hospitalization, and mortality, which is incipient and incomplete 

in most LMICs.

The Global Burden of Disease (GBD) study quantifies burden of diseases, injuries, 

and risk factors from 1990 to the present, allowing comparisons over time, across age 
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groups, and among populations. GBD offers LMICs valuable 

information on their disease burden, which aid in informed 

decision-making. To make these results more accessible and 

interpretable, Institute for Health Metrics Evaluation has put 

large volumes of information into a suite of interactive data 

visualizations that allow people to make sense of it.3

India, considered as the “diabetes capital” of the world, 

is home to 74 million diabetics with a prevalence of ~8.7% 

among the adult population.2 Over the past decade, the 

national health information systems have improved, and 

a series of surveys have been conducted to estimate the 

burden of NCDs and its risk factors. The GBD study has 

incorporated this information into their standardized burden 

estimation approach. According to the GBD study, burden 

of diabetes implies those due to uncomplicated diabetes and 

its microvascular complications.4 However, there are several 

other diseases for which diabetes is considered causal via 

intermediate hyperglycemia.

In this report, I present the burden of diabetes, burden of 

other diseases attributable to diabetes via high fasting plasma 

glucose (HFPG), burden of chronic kidney disease (CKD) 

due to DM, and the risk attribution of several factors to DM 

in India from the GBD study in 2016.

Methods
The Global Burden of Diseases, Injuries and Risk Factors 

Study 2016 covers 195 countries, 7 super regions, and 21 

regions from 1990 to 2016. In total, 333 causes of diseases 

and injuries, 264 causes of deaths, and 84 risk factors were 

systematically analyzed. Details of the GBD methodology 

have been explained in previous publications.1,5–7 I generated 

the estimates presented here from the GBD Data Visualiza-

tion Tool maintained at the Institute for Health Metrics and 

Evaluation.3

The framework used in the assessment of the burden 

of HFPG and diabetes and the burden attributed to its risk 

factors has already been used in other similar publications 

elsewhere.4,8 In GBD study, diabetes is defined as uncompli-

cated diabetes with the following microvascular sequelae: 

retinopathy (leading to moderate low vision, severe low 

vision, and blindness), diabetic neuropathy, diabetic foot, 

and amputation resulting from diabetes. The GBD framework 

recognizes diabetes both as a disease (uncomplicated DM), 

with its microvascular complications as outcomes, and as 

one of the multiple causes of several other diseases, such as, 

ischemic heart disease, chronic kidney disease, stroke, tuber-

culosis, Alzheimer’s disease, peripheral artery disease, and 

cancers. This latter expression of the causal role of diabetes 

is accounted via intermediate HFPG.

The GBD study used a theoretical minimum risk exposure 

level of 4.8–5.4 mmol/L or 86.4– 97.2 mg/dL for HFPG. This 

level is lower than the current cutoff point for the diagnosis 

of diabetes (7.0 mmol/L or 126 mg/dL).6 Evidence from 

previous literature shows that HFPG can increase the risk 

of ischemic heart disease, stroke, CKD, peripheral artery 

disease, Alzheimer’s disease, tuberculosis, and certain 

 cancers. Relative risks for the association of HFPG and these 

outcomes have been provided elsewhere.6

The GBD study also identified the risk factors of diabetes 

such as high body mass index (BMI), dietary factors (diet low 

in fruits, nuts and seeds, and whole grains), alcohol use, occu-

pational carcinogens, diet high in processed meat, low physical 

activity and tobacco use. The fraction of the diabetes burden 

attributable to each was calculated as previously described.6

The current study reports disability-adjusted life years 

(DALYs), deaths, and prevalence to quantify the burden of 

the disease. I compared the burden estimates over a period 

of 1990–2016. I also report a 95% uncertainty interval (UI) 

for each estimate in our analysis.

No approval by a research ethics committee was deemed 

necessary for this study, as it utilized only secondary data-

bases which are publicly available.

Results
Trend in the burden of diabetes in India
The diabetes death rate per 100,000 population increased 

from 10.0 (95% UI: 8.9–11.0) in 1990 to 23.1 (95% UI: 

21.4–24.5) in 2016. Deaths due to diabetes accounted for 

3.1% (95% UI: 2.9–3.3) of all deaths in the region in 2016, 

up from 0.98% (95% UI: 0.87–1.1) of all deaths in 1990. The 

number of deaths due to DM also has nearly tripled during 

the same period.

The rate of DALYs from diabetes per 100,000 popula-

tion increased from 440.1 (95% UI: 374.5–523.6) in 1990 

to 791.5 (95% UI: 682.1–925.8) in 2016, an 80% increase. 

In terms of absolute numbers, there was a 174% increase in 

DALYs during the same period from 3.8 (3.2–4.5) million 

to 10.4 (9.0–12.2) million DALYs. DALYs due to diabetes 

accounted for 2.2% (95% UI: 2.0–2.4) of all DALYs in the 

country in 2016, up from 0.7% (95% UI: 0.6–0.8) in 1990, 

a 215% jump.

The overall prevalence of DM rose 66% during the period 

of 1990–2016, from 3% (95% UI: 2.7–3.3) to 5% (95% UI: 

4.5–5.5), whereas the age-standardized prevalence of diabetes 
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increased by 30% during the same period, from 4.6% (95% 

UI: 4.1–5.0) to 6.0% (95% UI: 5.4–6.5).

Burden due to combined diabetes and 
hyperglycemia
Overall, diabetes and hyperglycemia accounted for 27.5 mil-

lion DALYs in 2016. Of them, 37.8% (~10 million DALYs) 

arose directly from sufferings due to living with uncompli-

cated diabetes or from direct diabetes microvascular com-

plications; 29.1% were from ischemic heart disease; 15.8% 

from CKD; 10.8% from stroke; 4.9% from tuberculosis; 0.8% 

from specific cancers; 0.6% from Alzheimer’s disease; and 

0.08% from peripheral artery disease as a result of intermedi-

ate hyperglycemia (Figure 1).

HFPG: attributable DALYs
The population attributable fraction of HFPG was 6.0% (95% 

UI: 5.0–7.1) of all DALYs 2016, which increased from 2.3% 

(95% UI: 1.9–2.7) in 1990. HFPG was responsible for 56.6% 

(95% UI: 49.8–63.5) of all DALYs due to CKD, 24.4% (95% 

UI: 21.4–27.5) of all DALYs due to peripheral artery disease, 

19.8% (95% UI: 12.6–29.8) of all DALYs due to ischemic 

heart disease, 18.2% (95% UI: 12.0–26.3) of all DALYs 

due to stroke, 9.2% (95% UI: 5.9–12.5) of all DALYs due 

to tuberculosis, 7.8% (95% UI: 1.7–16.8) of DALYs due to 

Alzheimer’s disease, and 4.9–6.6% of DALYs due to various 

cancers in 2016 (Figure 2).

HFPG: attributable deaths
The population attributable fraction of HFPG was 10.5% 

(95% UI: 8.5–12.8) of deaths from all causes in 2016, which 

increased from 4.4% (95% UI: 3.6–5.4) in 1990. In 2016, 

HFPG was responsible for 64.4% (95% UI: 56.5–71.7) of 

all CKD deaths, 22.9% (95% UI: 19.6–26.3) of deaths were 

due to peripheral artery disease, 21.1% (95% UI: 13.1–32.1) 

deaths due to ischemic heart disease, 18.7% (95% UI 12.4–

27.3) deaths due to stroke, 9.8% (95% UI: 6.2–13.8) deaths 

due to tuberculosis, 7.8% (95% UI 1.7–16.7) deaths due to 

Alzheimer’s disease, and 5.6–7.2% deaths due to various 

cancers (Figure 3).

Risk factors of diabetes
Table 1 shows the contribution, in DALYs and deaths, of each 

diabetes risk factor. High BMI, dietary factors (diet low in 

fruits, nuts and seeds, and whole grains), and tobacco use 

were found to be the most important risk factors for diabetes. 

Figure 4 shows the relative size of the burden (in DALYs) 

due to HFPG, in relation to that of other risk factors. It shows 

that HFPG was the fifth leading cause of overall DALYs in 

India (Figure 4).

Burden due to diabetes-related CKD
Between 1990 and 2016, CKD death rates per 100,000 popu-

lation from diabetes increased by 53%, from 4.81 (95% UI: 

4.1–5.63) to 7.36 (95% UI: 6.39–8.44). In 2016, 2,883,185 

individuals (95% UI: 2,516,507–3,288,409) died of CKD 

caused by diabetes in India. Among the total number of CKD 

deaths caused by diabetes, 63% occurred among males and 

~88% occurred among elderly aged more than 50 years.

The burden of CKD caused by diabetes per 100,000 

population increased by 40%, from 156.5 DALYs (95% UI: 

134–182) in 1990 to 219 DALYs (95% UI: 191–250) in 2016 

Figure 1 Distribution of DALYs attributable to high fasting plasma glucose, India, 2016.
Abbreviations: CKD, chronic kidney disease; DALYs, disability-adjusted life years; IHD, ischemic heart disease; TB, tuberculosis.
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Figure 2 Proportion of DALYs due to diseases attributable to HFPG, India, 2016.
Abbreviations: CKD, chronic kidney disease; DALYs, disability-adjusted life years; HFPG, high fasting plasma glucose; IHD, ischemic heart disease; TB, tuberculosis
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Figure 3 Proportion of deaths due to diseases attributable to HFPG, India, 2016.
Abbreviations: CKD, chronic kidney disease; HFPG, high fasting plasma glucose; IHD, ischemic heart disease; TB, tuberculosis.
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Table 1 Risk factor attribution of DALYs and deaths due to diabetes resulting from different risk factors in India, 2015

Risk factors Risk factor attribution (DALYs) Risk factor attribution (deaths)

% 95% UI % 95% UI

High fasting plasma glucose 100 100
Diet high in processed meat 0.16 0.00066 0.74 0.11 0.00047 0.55
Alcohol use 1.02 -0.34 2.57 0.55 –0.67 1.93
Low physical activity 2.24 0.51 4.19 2.54 0.57 4.71
Occupational carcinogens 3.33 1.23 5.25 2.06 0.77 3.24
Diet low in whole grains 5.54 2.02 11.07 4.54 1.65 9.17
Tobacco use 10.72 6.07 15.43 11.07 6.31 15.89
Diet low in nuts and seeds 10.99 5.34 17.47 8.73 4.2 13.98
Diet low in fruits 12.06 2.67 21.98 9.69 2.12 17.88
High BMI 35.96 22.58 49.18 24.77 14.4 36.02

Abbreviations: BMI, body mass index; DALYs, disability-adjusted life years; UI, uncertainty interval.
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for all ages. The total number of DALYs caused by diabetes-

related CKD increased by 115% from 1.35 (95% UI: 1.2–1.6) 

million in 1990 to 2.9 (95% UI: 2.5–3.3) million in 2016.

Discussion
In the GBD study, DALYs resulting from diabetes are the 

results of living with uncomplicated diabetes or suffering 

its traditional microvascular complications. In this study, 

besides that, I have explored the burden, which includes 

that attributable via other diseases such as ischemic heart 

disease, stroke, CKD, peripheral artery disease, specific 

cancers, and  tuberculosis for which diabetes and intermedi-

ate hyperglycemia are considered causal. To the best of our 

knowledge, this is the first comprehensive evaluation of the 

large and growing burden of diabetes and HFPG in India. 

Similar studies in the Eastern Mediterranean Region and 

Brazil have raised alarms about the increasing burden of 

diabetes and hyperglycemia.4,8

The key findings of the study are as follows: 1) the 

number of deaths and DALYs due to diabetes have nearly 

tripled during the period 1990–2016; 2) overall, diabetes and 

hyperglycemia accounted for 27.5 million DALYs in 2016 

in India, of which diabetes per se accounts for 10 million 

DALYs; 3) diabetes significantly contributes to the causation 

of ischemic heart disease, stroke, CKD, peripheral artery 

disease, specific cancers, and tuberculosis via intermediate 

hyperglycemia; 4) high BMI, dietary factors (diet low in 

fruits, nuts and seeds, and whole grains), and tobacco use 

were found to be the most important risk factors for diabetes; 

and 5) among all risk factors, HFPG was the fifth leading 

cause of overall DALYs in India.

Besides the burden of uncomplicated diabetes and its 

microvascular complications, diabetes also contributes to 

17.5 million of additional DALYs due to its causal role in 

other diseases via hyperglycemia. This calls for individual 

and community level clinical and public health interventions 

to control blood sugar.

The presence of several factors not traditionally consid-

ered as conferring risk for diabetes such as low consumption 

of whole grains and seeds and nuts emphasize the importance 

of incorporating new evidence into public health and clinical 

actions. The study reported that diet low in nuts and seeds 

is a risk factor for diabetes, which is also supported by a 

meta-analysis of randomized controlled dietary trials.9 I sup-

port the inclusion of nuts as a part of a healthy diet for the 

management of glycemia in individuals with type 2 diabetes, 

although affordability is a concern in a country like India, 

which needs to be tackled at a policy level.

The study also reported that low intake of fruits and 

whole grains is a risk factor for diabetes. Afshin et al in a 

comparative risk assessment analysis also highlighted the role 

of dietary risk factors especially fruits and whole grains on 

diabetes mortality in the Middle East countries.10 However, 

consumption of whole grains and fruits and vegetables has 

decreased substantially in the region in the past two decades 

due to nutritional transition. This has been replaced by refined 

grains such as white bread, rice, and biscuits and diet rich 

in fat and sugar.11,12

High burden of diabetes in India is often a combination 

of dietary, behavioral, and metabolic risk factors. This study 

showed that high BMI is the main risk factor for diabetes 

similar to the findings in other studies.13,14 In recent decades, 

Figure 4 Relative burden of high fasting plasma glucose within the context of all risk factors identified by the GBD 2016 in India.
Abbreviations: DALYs, disability-adjusted life years; GBD, Global Burden of Disease; NCDs, noncommunicable diseases; WaSH, water, sanitation and hygiene.
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the prevalence of obesity has increased in the country and 

is predicted to increase further in the coming years in the 

absence of effective interventions. According to the recent 

estimates in the ICMR-INDIAB-3 study, obesity was preva-

lent among one-quarter of the respondents aged 20 years 

and older.15 Population-based public health strategies need 

to be implemented in various settings with a focus on health 

promotion and healthy lifestyle in order to tackle obesity.

The study reported high burden of CKD due to dia-

betes in terms of deaths and DALYs in India. With rising 

prevalence of disease risk factors such as diabetes and 

hypertension, prevalence of CKD is expected to rise. CKD 

is associated with enormous economic costs and premature 

mortality, which makes them a key target population to 

address. Taking cognizance of this problem, Government of 

India has rolled out the National Dialysis Program in 2016 

to provide free dialysis to the poor. However, significant 

efforts are required toward prevention, screening, and early 

diagnosis of CKD.

There were few limitations in this study. First, despite 

the comprehensive nature of the GBD data set, these are 

model-based estimates with inherent limitations due to the 

model assumptions and the limited data used to build the 

model. Second, I did not differentiate subtypes of diabetes. 

However, the low prevalence of type 1 diabetes means that 

the results apply mainly to type 2 diabetes. Third, I did not 

examine the subnational/state-wise burden within the coun-

try, despite wide variations in risk factors and prevalence 

of conditions in different states. Fourth, it has been shown 

that HFPG increases the risk of other conditions such as 

some cancers, chronic liver disease, cataracts, periodonti-

tis, pneumonia, and other infectious diseases (in addition 

to tuberculosis);16 thus, our attributable burden for HFPG 

might be underestimated.

Conclusion
The study findings show that diabetes causes a major burden 

in India directly and via other diseases, which are linked to 

intermediate hyperglycemia. The study provides necessary 

baseline information on the burden and risk profile of the 

disease to base their future diabetes reduction programs and 

enable them to monitor success of the program. Programs and 

policies are urgently needed to increase awareness about the 

disease, reduce the risk factors of diabetes, and improve the 

diagnosis and control of diabetes. This will reduce not only 

the burden of diabetes but also the burden of other diseases 

linked to this disease.
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