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Abstract

Aim—To estimate the prevalence of, and assess factors associated with, diabetes and prediabetes 

in three South Asian cities.

Methods—Using a multi-stage cluster random sample representative of each city, 16,288 

subjects aged ≥20 years (Chennai: 6906, Delhi: 5365 and Karachi: 4017) were recruited to the 

Centre for cArdiometabolic Risk Reduction in South-Asia (CARRS) Study. Fasting plasma 

glucose (FPG) and glycosylated hemoglobin (HbA1c) were measured in 13720 subjects. 

Prediabetes was defined as FPG 100-125mg/dl (5.6-6.9 mmol/l) and/or HbA1c 5.7-6.4% 

(39-46mmol/mol) and diabetes as self-report and/or drug treatment for diabetes and/or FPG ≥126 

mg/dl (≥7.0mmol/l) and/or HbA1c ≥6.5% (48mmol/mol). We assessed factors associated with 

diabetes and prediabetes using polytomous logistic regression models.

Results—Overall 47.3-73.1% of the population had either diabetes or prediabetes: Chennai 

60.7% [95%CI: 59.0-62.4%] (diabetes-22.8% [21.5-24.1%], prediabetes-37.9% [36.1-39.7%]); 

Delhi 72.7% [70.6-74.9%] (diabetes-25.2% [23.6-26.8%], prediabetes-47.6% [45.6-49.5%]); and 

Karachi 47.4% [45.7-49.1%]; (diabetes-16.3% [15.2-17.3%], prediabetes-31.1% [29.5-32.8%], 

respectively). Proportions of self-reported diabetes were 55.1%, 39.0%, and 48.0% in Chennai, 

Delhi, and Karachi, respectively. City, age, family history of diabetes, generalized obesity, 

abdominal obesity, body fat, high cholesterol, high triglyceride, and low HDL cholesterol levels 

were each independently associated with prediabetes, while the same factors plus waist-to-height 

ratio and hypertension were associated with diabetes.

Conclusion—Six in ten adults in large South Asian cities have either diabetes or prediabetes. 

These data call for urgent action to prevent diabetes in South Asia.
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Diabetes is a costly and growing global health challenge and the recent International 

Diabetes Federation (IDF) Atlas1 counts 387 million people with diabetes worldwide, with 

246 million residing in urban areas. Furthermore, South Asia is at the epicenter of this 

pandemic with 73.8 million people with diabetes residing in India and Pakistan alone.

Diabetes is frequently undiagnosed, because hyperglycemia is often asymptomatic, but 

carries significant long-term morbidity. Diabetes complications like retinopathy were 

already present at the time of diagnosis among 1.5-31%2 of people with and 7-8% of those 

with prediabetes.3,4 Although the risk factors associated with diabetes and prediabetes are 

largely similar across populations, their expression and intensity may vary widely between 

ethnic groups and countries.5 This heterogeneity highlights the importance of sound ongoing 
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epidemiological assessments of diabetes and its risk factors on a regular basis. We present 

data from the population-based representative Center for Cardio-metabolic Risk Reduction 

in South Asia (CARRS) Study6 in three large cities in south Asia, namely Chennai and 

Delhi in India and Karachi in Pakistan to provide up-to-date data for 2011 on the prevalence 

of and risk factors associated with diabetes and prediabetes among south Asians using 

standardized methods, venous plasma glucose plus glycated hemoglobin (HbA1c).

Research Design and Methods

Population

The CARRS Study recruited representative cohorts of three metropolitan urban cities, 

namely Chennai, Delhi and Karachi.6 In 2010-2011, the populations of these three cities 

totaled over 35 million people, and these sites were chosen as they are metropolitan cities 

with large, growing, and heterogeneous populations with diversity in socio-economic, 

demographic, epidemiologic, and nutrition/lifestyle transitions.

The detailed CARRS protocol that includes the study design and methods has been 

published elsewhere.6 Households were selected in each of the three cities using multi-stage 

cluster random sampling techniques. Each city has its own distinctive municipal sub-

divisions, encompassing municipal corporations, wards, and Census Enumeration Blocks 

(CEB) which were used sequentially as sampling frames to randomly select households. 

While wards were the primary sampling units (PSUs) for Chennai and Delhi, CEBs or 

clusters were the PSUs for Karachi. STATA version 10.1 (Statacorp, TX) and data from the 

census (2001 for Chennai and Delhi; 1998 for Karachi) were used to randomly select the 

wards, CEBs, and households. To give each household an equal chance of being selected for 

the study and to identify households constructed after the last census survey, manual listing 

and mapping of all households in each CEB was done before randomly selecting them.

Two participants, one male and one female, aged 20 years or older, were selected from each 

household. Those excluded from the study were pregnant women and bed-ridden 

individuals. Two methods were used for within household sampling. First, for households 

with one to two adults (≥20 years), the sampling strategy described in the 2002 Health 

Information National Trends Study (HINTS)7 was used. According to HINTS, one or both 

individuals (one male, one female) were selected and enrolled into the study based on 

eligibility criteria and informed consent. Second, for households with more than two eligible 

adults, the “Kish method” used in the WHO's STEPS surveys8 was applied. There are two 

main steps in KISH method. First, all eligible participants from the household are ranked 

according to age in decreasing orders (males followed by females). Participants are then 

selected using KISH table identifying the last digit of household and number of eligible 

participants.

The study was approved by the Institutional Review Boards (IRBs) of the Public Health 

Foundation of India, New Delhi, All India Institute of Medical Sciences, New Delhi, Madras 

Diabetes Research Foundation, Chennai, India, Aga Khan University, Karachi, Pakistan, and 

Emory University, Atlanta, USA. In addition, the study has received regulatory approval 

from the National Heart, Lung, and Blood Institute (NHLBI), National Institutes of Health 
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(NIH), USA, and the Health Ministry Screening Committee of India, New Delhi. All 

respondents gave written informed consent, themselves or through a next of kin/family 

member in the case of illiterate respondents, prior to enrollment and participation in the 

study.

Sample size determination—Utilizing risk factor prevalence estimates from previously 

published Indian and Pakistani studies and anticipating a response rate of 80% with a design 

effect factor of 1.5 (to account for cluster sampling), the sample size estimates were 

generated for males and females in three age strata in each urban setting. The highest 

required sample size was 3,983 rounded-off to 4000 participants, which permits each site to 

reliably estimate one or more of the CMD risk factors for each of the gender and age strata 

leading to a total sample size of 12,000.

A total of 17,274 individuals in 10,002 households were approached in the three study sites 

(7,596 participants in Chennai, 5,420 in Delhi, 4,258 in Karachi). From these, a total of 

16,288 participants were recruited (the overall response rate was 94.3% at the participant 

level; 6,906 Chennai [90.9%], 5,365 Delhi [98.9%], and 4,017 Karachi [94.3%]). 13,720 of 

the participants (84.2%) recruited into the study contributed bio-specimens (fasting plasma 

glucose and HbA1c) [Chennai (n=5961) 86.3%, Delhi (n=4244) 79.1% and Karachi (n= 

3515) 87.5%].

Measurements

Comprehensive and uniform data collection instruments were used to capture measurements 

in all three sites. A summary of all surveillance indicators, measures, methods and 

instruments used in the study has been published in detail.6 In brief, a questionnaire was 

administered to collect information regarding demographic, socio-economic, behavioral, and 

past and present health status of the participant. Household data were collected through 

interviewer administered questionnaires, which was pilot tested for face and construct 

validity prior to use in the study.

Anthropometric measurements included height, weight, and waist measurements, using 

standardized techniques. Body mass index (BMI) was calculated as weight in kilograms 

divided by height in meter squared. The waist measurement was taken at the midpoint 

between the lowest rib and top of the hip bone (iliac crest). Two readings were taken and the 

mean of the two was used. Blood pressure was recorded in the sitting position using 

electronic sphygmomanometer; Omron HEM-7080 and HEM-7080IT-E; Omron 

Corporation, Tokyo, Japan. Two readings were taken in the resting position, five minutes 

apart, and the mean of the two was used. All the anthropometric devices and procedures 

were standardized. Centralized training of trainers was conducted in English for the team 

leaders and coordinators from three sites before the start of the survey. Coordinators and 

team leaders in-turn trained the respective field staff in local language at sites using 

standardized training manuals. Field staff were regularly monitored using check lists and re-

trained every three months (more frequently if there were deviations from protocol during 

monitoring visits) to maintain constant and high quality data collection throughout the study 

recruitment.
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Fasting blood samples were collected from each participant and transported from field sites 

in cold chain to the site-specific laboratories for analysis. Sample aliquots were also stored 

in cryo-vials at -80 degrees Celsius for future studies. Fasting plasma glucose was estimated 

by hexokinase/kinetic in Chennai and Delhi site and by glucose oxidase/endpoint method in 

Karachi. Intra-class correlation (ICC) between Chennai and Delhi lab for glucose values in a 

subset of randomly chosen 73 subjects was 0·99 (95%CI: 0.98–0.99), implying excellent 

agreement. The external quality assessment of the three laboratories was performed 

periodically by RIQAS (Randox International Quality Assessment Scheme).

Total cholesterol was estimated by Cholesterol Oxidase Peroxidase (CHOD-POD) method 

in Chennai and Delhi and by enzymatic Colorimetric (CHOD-PAP) method in Karachi. 

Triglycerides were estimated by enzymatic (GPO-PAP) methods, HDL cholesterol by direct 

method, LDL cholesterol by Friedwald formula,9 and glycated hemoglobin (HbA1c) by high 

performance liquid chromatography (HPLC) method in all three sites.

Definitions

Self-reported diabetes was defined as subjects with self-reported history of diabetes and/or 

on drug treatment for diabetes. Self-reported history of diabetes was checked against 

medical records for validity, which also helped to define the date and year of diagnosis. 

Newly diagnosed diabetes was defined as no prior diagnosis of diabetes, but fasting plasma 

glucose (FPG) ≥126mg/dl (7.0mmol/l) and/or HbA1c ≥6.5% (48mmol/mol). Total diabetes 

was defined as known and newly diagnosed diabetes. Prediabetes was defined as no prior 

diagnosis of diabetes and FPG 100-125 mg/dl (5.6-6.9 mmol/l) (impaired fasting glucose 

[IFG]) and/or HbA1c 5.7-6.4% (39-46 mmol/mol).10-12 Dysglycemia was defined as the 

presence of either prediabetes or total diabetes.

Hypertension was defined as being on antihypertensive medications or a systolic blood 

pressure ≥140 mmHg and/or a diastolic blood pressure ≥90 mmHg.13 Generalized obesity 

was defined as BMI ≥25 kg/m2 and abdominal obesity was defined as waist ≥90cm (males), 

≥80cm (females) using Asia-Pacific guidelines for South Asians.14 Waist-to-height ratio, 

index for assessing central fat distribution, of ≥0.5 is considered as risk for cardiovascular 

disease and diabetes.15

Occupation was categorized as professional [e.g., doctor, lawyer, large business owner], 

trained [e.g., clerical, teacher, middle-level farmer], skilled [e.g., small business owner, 

skilled manual labourer, small farmer], semi-skilled [e.g., semi-skilled manual laborer, 

carpenter], unskilled [e.g., landless laborer, unskilled manual laborer).

Statistical analysis

Statistical analyses were done using STATA (version 12.1, TX: StataCorp LP, USA). This 

analysis included 16,287 non-pregnant adults after excluding a single transgender 

participant. Weighted prevalence was calculated with the crude prevalence adjusted for 

sampling weights. For age-standardized prevalence, the prevalence estimates were age-and 

sex- standardized to the 2010 South Asia regional population. To achieve, this, the five-year 

population projection tables (that account for age, sex, mortality, fertility, and migration) 

were used separately for India and Pakistan for 2010, provided by the World Bank. The 95% 
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confidence intervals (CI) for diabetes and prediabetes were estimated. Estimates of 

continuous variables were summarized as mean±standard error (SE) for normally distributed 

data or median (IQR; interquartile range) for non-normal data; whereas categorical variables 

as proportions. Comparison of means of quantitative variables across different diabetes 

categories was done by analysis of variance (ANOVA) for normal data or Kruskal Wallis 

test for non-normal data. Association between categorical variables was checked using Chi-

square test.

Polytomous logistic regression models were used to assess the risk factors associated with 

diabetes and prediabetes using normoglycemia as the reference category. Bivariate 

regression analysis was performed first to identify the variables associated with diabetes 

status and those variables shown a Wald test p-value<0.2 were considered for multivariate 

analysis. Odds ratio (OR) of diabetes and prediabetes and their 95%CI were estimated for all 

cities together after controlling for city, gender, age per ten year increment, current use of 

smoking, family history, generalized obesity, abdominal obesity, waist-to-height ratio, body 

fat%, hypertension, hypercholesterolemia, hypertriglyceridemia, and low HDL cholesterol.

It is common to discard individuals with missing variables, but imputing missing values of 

the variable frequently leads to more efficient estimates of the regression coefficients when 

the imputation is based on the non-missing predictor variables.16 Hence, we generated ten 

imputed datasets using multiple imputation using chained equations (MICE) for imputing 

outcomes (FPG and HbA1c) along with missing observations in the exposure variables of 

interest.

Results

Table 1 shows the age-standardized and weighted prevalence of diabetes, prediabetes and 

dysglycemia (diabetes/prediabetes) for the three cities. The age-standardized prevalence of 

total diabetes (based on either self-reported or FPG or HbA1c) was 22.8% (95%CI: 

21.5-24.1%) in Chennai, 25.2% (23.6-26.8%) in Delhi and 16.3% (15.2-17.3%) in Karachi 

and of which the prevalence of newly diagnosed diabetes were 11.7%(10.5-12.8%), 17.5% 

(16.1-19.0%) and 9.4% (8.5-10.3%) in Chennai, Delhi, and Karachi respectively. The 

prevalence of prediabetes was 37.9% (36.1-39.7%) in Chennai, 47.6% (45.6-49.5%) in 

Delhi, and 31.1% (29.5-32.8%) in Karachi. In Chennai, females had significantly higher 

prevalence of diabetes, prediabetes and dysglycemia compared to males, except for newly 

diagnosed diabetic subjects. However, in Delhi & Karachi, no gender difference in the 

prevalence was observed, except for newly diagnosed diabetes based on FBS alone, where 

males had significantly higher prevalence. Among the self-reported diabetic subjects, the 

proportion of those with glucose or HbA1c levels above the diagnostic criteria was 86.5% 

(Chennai–83.1%; Delhi–90.8% and Karachi–85.6%).

Age-standardized prevalence of diabetes, using only FPG definition was, as expected, lower: 

17.4% (16.3-18.5%) in Chennai, 14.7% (13.6-15.7%) in Delhi, and 12.7% (11.6-13.7%) in 

Karachi. The prevalence of newly diagnosed diabetes based on FPG alone were 5.0% 

(4.2-5.7%), 5.9% (5.0-6.7%) and 5.0% (4.4-5.7%) in Chennai, Delhi, and Karachi 

respectively. The prevalence of prediabetes was 17.6% (16.3-18.8%) in Chennai, 33.7% 
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(31.8-35.6%) in Delhi, and 14.6% (13.3-16.0%) in Karachi. Thus, adding HbA1c to the 

diagnostic criteria increases the prevalence of diabetes in all three sites.

Figure 1 shows the age- sex-specific prevalence of diabetes and prediabetes. The prevalence 

of diabetes was higher with age (p<0.001). At all three sites, prevalence of diabetes rose 

sharply at 25-34 years. For prediabetes, the rise in prevalence was at 20-24 years, with a 

decline or stabilization after age 45 in Chennai and Delhi and after the age of 55 in Karachi. 

The prevalence of diabetes and prediabetes were similar in both sexes at every age interval, 

except in Chennai, where females had slightly higher prevalence of prediabetes.

The mean age of the study population (all three sites) was 42.2 years with the male: female 

ratio of 0.91. About 84.7% of them were literates with 47.3% of the subjects involved in 

some kind of occupation (professional–3.1%; trained or skilled occupation–21.3%; semi-

skilled or unskilled occupation–22.9%). 72.4% of the subjects were in the income level of 

<10,000 Indian Rupees (INR) or <16,684 Pakistani Rupees (PKR) or <USD $165 per 

month; 16.1% were in the income range of 10,000-20,000 INR (16,684-33,368 PKR or USD

$ 165-330) and 11.4% were earning income >20,000 INR (>33,368 PKR or >USD$330) per 

month. While 87.9% of the population was married, 6.9% was single, 4.9% was widow/

widower and 0.3% was separated/divorced.

Table 2 summarizes the characteristics of the study population based on their glycemic 

status (diabetes, prediabetes, and no diabetes). Participants with normal fasting glucose were 

younger, had lower body mass index, waist circumference, systolic blood pressure, diastolic 

blood pressure, cholesterol, triglycerides, LDL-C, cholesterol to HDL-C ratio, triglyceride to 

HDL-C ratio, and higher HDL-C than those with prediabetes or diabetes in all three sites.

Table 3 summarizes the risk factors for diabetes and prediabetes from a standardized 

polytomous logistic regression with normoglycemia as the reference group. Overall, older 

age, family history of diabetes, generalized obesity, abdominal obesity, body fat, high 

cholesterol, high triglyceride, and low HDL-C were significantly associated with higher 

odds of both diabetes and prediabetes. In addition, waist-to-height ratio and hypertension 

were significantly associated with diabetes.

Discussion

In this representative study of three large cities in South Asia where we were able to 

characterize diabetes by biochemical testing, one in every five adults had diabetes and two 

out of every five adults had prediabetes.

Though other epidemiological studies are available in India,17–21 they are not directly 

comparable to our study due to the following reasons: these other studies included both 

urban and rural areas and the results for large metropolitan cities were not presented 

separately;18,20 smaller urban settings were studied,18 the studies used only capillary blood 

glucose for diagnosing diabetes,19,20 or used different methodology and sampling 

techniques.
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Earlier studies carried out in six major urban metropolitan cities in India, the National Urban 

Diabetes Study (NUDS) in 2000, among adults aged ≥20 years, reported an overall 

prevalence of 12.1%, with the highest prevalence of 16.6% in Hyderabad (south India) 

followed by 13.5% in Chennai (south India), 12.4% in Bangalore (south India), 11.7% in 

Calcutta (east India), 11.6% in Delhi (north India) and 9.3% in Mumbai (central India),19 

indicating a higher prevalence of diabetes in south Indian cities. Another study from south 

India, Chennai carried out in 2001-2004, the Chennai Urban Rural Epidemiological Study 

(CURES)21 reported the prevalence of diabetes as 14.3% among urban adults aged ≥20 

years. Though earlier data had consistently showed that Chennai had higher diabetes 

prevalence, in the current study, Delhi has a substantially higher prevalence.

Other regional studies in urban cities of India, such as the Chandigarh Urban Diabetes Study 

(CUDS) carried out in 2009, a survey among adults aged ≥20 years, reported the prevalence 

of diabetes and prediabetes as 11.1% and 13.2%, respectively.22 In a study among 1,178 

adults aged 20-80 years in the urban residents of Orissa of Eastern India in 2012, the crude 

and age-standardized prevalence of diabetes were 15.7% and 11.1% respectively.23 In a 

cross sectional study among subjects aged 20-40 years in urban Kashmir (in 2000), the age-

adjusted prevalence of diabetes was reported as 2.4% in adults aged 20-40 years24 and 6.2% 

in those aged ≥40 years.25 Previous studies in Pakistan have reported a high prevalence of 

diabetes.26,27 The Pakistan National Diabetes Survey carried out in 2000, reported the 

overall prevalence of diabetes as 10.6% in urban areas of all four provinces of Pakistan in 

adults aged ≥25 years.26 In the second phase of Pakistan National Diabetes Survey in Punjab 

province (2010) with a sample size of 1,852 adults aged ≥25 years, the prevalence of 

diabetes was 12.1% in males and 9.3% in females.28 The prevalence reported in the current 

study are higher than those reported earlier from various studies in India and Pakistan.

Compared to the prevalence based on fasting and/or HbA1c, using only FPG to define 

diabetes, the overall age standardized prevalence of diabetes was lower, 14.9% (Chennai:

17.4%, Delhi:14.7%, Karachi:12.7%), so was the prevalence of prediabetes, 21.9% 

(Chennai:17.6%, Delhi:33.7%, Karachi:14.6%). A recent study in China on a nationally 

representative sample (n=98,658),29 also reported a higher prevalence of diabetes and 

prediabetes using HbA1c criteria compared to only fasting glucose parameters. Other studies 

among Asian Indians, have also reported that, use of HbA1c criteria resulted in markedly 

higher prevalence of diabetes.30 It is of interest to note that based on fasting glucose 

measurements alone, 36.9% of urban residents in three large South Asian cities have 

dysglycemia (14.9% with diabetes, 21.9% with prediabetes). If 2-hour post-load glucose 

measurements were done, an even higher proportion of the population would likely have 

dysglycemia. It is worrying that if the HbA1c criteria is used, 60.3% of study population had 

dysglycemia (21.4% with diabetes, 38.9% with prediabetes).

In the current study, the prevalence of diabetes rose sharply at 25-34 years while for 

prediabetes, the take off point was 20-24 years, which is very worrisome. It is of interest that 

the age at which prediabetes plateaus is similar in the three cities, whereas the peak 

prevalence of prediabetes is very different. A similar take-off point in age for the prevalence 

of diabetes was reported in the Indian Council of Medical Research-INdia DIABetes 

(ICMR-INDIAB) study.20 Studies have shown that though the prevalence of diabetes and 
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prediabetes increased with age, marked variations in the prevalence occur in the older 

populations in different countries. In the current study, the decline or stabilization in the 

prevalence of diabetes and prediabetes in the older age (65+years), may be partly due to the 

premature deaths associated with diabetes reflecting survival bias or may reflect an age 

cohort effect of the epidemic. However, the fact that diabetes is so prevalent even among 

younger adults is of concern as this could potentially lead to a huge burden of complications 

by middle age due to longer exposure to hyperglycemia.

Comparison of the three metro cities shows that, Chennai had highest proportion of self-

reported diabetes compared to newly diagnosed. In the recent ICMR-INDIAB study20 also, 

Tamilnadu in south India was reported to have highest proportions of self-reported diabetes 

compared to Chandigarh in north India, Maharashtra in west India, and Jharkhand in east 

India. Reasons for this could be the better awareness in Tamilnadu due to periodic diabetes 

screening carried out in this state by several agencies including the government.20 Of the 

three sites, using fasting and/or HbA1c criteria, the prevalence of prediabetes was almost 

twofold higher than the diabetes prevalence in all three cities. However, using FPG criteria, 

the prevalence of diabetes and prediabetes was similar in Chennai, slightly higher 

prevalence of prediabetes than diabetes in Karachi, while in Delhi the prevalence of 

prediabetes was twofold higher than the diabetes prevalence. Probable reasons could be 

slower rates of progression to diabetes in Delhi or ethnic differences, though the exact 

reason for this is not known.

In the current study, the factors positively associated with diabetes and prediabetes included 

older age, city of residence (Chennai/Delhi), family history of diabetes, obesity, body fat, 

high cholesterol, high triglyceride, and low HDL cholesterol levels. Similar risk factors have 

been reported in other studies as well.19,20,22,26,28 In the NUDS, age, BMI, waist-to-hip 

ratio, monthly income, family history of diabetes, retired, and unemployed category of 

occupation and sedentary lifestyle showed significant associations with diabetes.19 In 

ICMR-INDIAB study, age, male sex, family history of diabetes, urban residence, abdominal 

obesity, generalized obesity, hypertension, and income status were significantly associated 

with diabetes.20 In the urban Chandigarh population, older age, family history of diabetes, 

obesity, and hypertension were positively associated with diabetes.22 In the Pakistan 

National Diabetes Survey, the major risk factors identified were age, positive family history, 

and central obesity.26 In the second phase of Pakistan National Diabetes Survey in Punjab 

province, central obesity, hypertension, and positive family history were strongly associated 

with diabetes.28

One of the limitations of this study is its cross-sectional nature. However, with follow up of 

the CARRS cohort, which is currently in progress, the causal pathways underlying the 

reported relationships with risk factors could be investigated further, and rate of progression 

to prediabetes and to diabetes can be investigated. Another limitation is that extrapolation of 

the study results to the whole country is not possible; as only metropolitan cities were 

studied and no rural areas were included. Finally, only fasting plasma glucose was used 

instead of an oral glucose tolerance test (OGTT), which is considered the gold standard 

method for diagnosis of diabetes. However, the current study has included diabetes 

prevalence based on the recent international expert committee recommended HbA1c 
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criterion for diagnosis of diabetes. The strengths are that it is population-based, large 

(n=16,287), representative of the general population of three large metropolitan cities, and 

has an excellent response rate (94.3%).

In conclusion, diabetes and prediabetes prevalence are alarmingly high among the south 

Asian urban population with the disease burden beginning even at a young age. It is a matter 

of concern that even in these large cities studied, almost half of people with diabetes were 

not aware of their condition. This warrants raising awareness regarding diabetes, a focus on 

efficient means to appropriately screen for diabetes and prediabetes in the population, and 

also organized systems to improve quality of diabetes care and control. In addition to 

improving awareness, focusing on healthy lifestyle is urgently needed to prevent the 

disorder in this high risk population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
a-c: Age-, sex- and site-specific prevalence of diabetes and prediabetes. Diabetes, males–

circles, solid line; diabetes females–circles, dotted line; prediabetes, males–triangles, solid 

line; prediabetes, females–triangles, dotted line; p for trend: p<0.001 for all groups.
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