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Abstract

India is experiencing an alarming rise in the burden of non-communicable diseases, but data on 

the incidence of chronic kidney disease (CKD) are sparse. Using the Center for Cardiometabolic 

Risk Reduction in South Asia surveillance study (a population-based survey of Delhi and Chennai, 

India) we estimated overall, and age-, sex-, city-, and diabetes-specific prevalence of CKD, and 

defined the distribution of the study population by the Kidney Disease Improving Global 

Outcomes (KDIGO) classification scheme. The likelihood of cardiovascular events in participants 

with and without CKD was estimated by the Framingham and Interheart Modifiable Risk Scores. 

Of 12,271 participants, 80% had complete data on serum creatinine and albuminuria. The 

prevalence of CKD and albuminuria, age standardized to the World Bank 2010 world population, 

were 8.7% (95% confidence interval: 7.9 to 9.4%) and 7.1% (6.4 to 7.7%) respectively. Nearly 

80% of patients with CKD had an abnormally high hemoglobin A1c (5.7 and above). Based on 

KDIGO guidelines, 6.0, 1.0, and 0.5% of study participants are at moderate, high, or very high 

risk for experiencing CKD-associated adverse outcomes. The cardiovascular risk scores placed a 

greater proportion of patients with CKD in the high-risk categories for experiencing 

cardiovascular events, when compared with participants without CKD. Thus one in 12 persons 
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living in two of India’s largest cities have evidence of CKD, with features that put them at high 

risk for adverse outcomes.
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Introduction

Prevalence of obesity and type 2 diabetes mellitus is rising rapidly in low- and middle-

income countries (1, 2). Prevalence of chronic kidney disease (CKD) would be expected to 

rise in parallel but has been infrequently studied (3). Even in its early stages, CKD is 

associated with a two- to four-fold increase in the risk of death from cardiovascular causes 

(4). For patients who progress to end-stage renal disease, CKD is associated with enormous 

economic costs and early mortality (5).

India has experienced an explosion of non-communicable diseases, and several studies point 

to a high prevalence of cardiovascular disease and diabetes, even among younger persons (6, 

7). Yet data on the burden of CKD in India remain scarce. Previous studies of CKD in India 

failed to apply a standard definition, were missing an assessment of albuminuria, or were not 

population-based (8–10).

To fill this gap, we analyzed data from the Center for Cardiometabolic Risk Reduction in 

South Asia (CARRS) surveillance study—a population-based survey of two major cities in 

India (Delhi and Chennai)—and estimated overall, and age-, sex-, city-, and diabetes-

specific prevalence of CKD using a standardized definition from the 2012 Kidney Disease 

International Global Outcomes (KDIGO) CKD guidelines (11). We also estimated the 

impact of CKD on predicted risks for cardiovascular disease using the Framingham (FRS) 

and Interheart Modifiable Risk Scores (IHMRS) (12, 13).

Results

Table 1 describes the socio-demographic, anthropometric, and laboratory characteristics of 

participants (n=9,797). Mean age of participants was 41.4 (± 12.7) years for Chennai and 

44.4 (±13.9) years for Delhi. A majority of participants received 5 years or more of 

education. More than 80% of women in each city were not employed in jobs outside of the 

home. There was a high prevalence of obesity as measured by waist-to-hip ratio or waist-to-

height ratio.

CKD prevalence

Chronic kidney disease was evident in 817 participants, corresponding to prevalence in the 

two cities of 7.5% (95% CI: 6.8 to 8.2%). After age-standardization to the World Bank 2010 

world population structure, the prevalence was 8.7% (95% CI: 7.9 to 9.4%) for CKD and for 

albuminuria 7.1% (95% CI: 6.4 to 7.7%) (Table 2). A large majority (77.4% in men, 79.9% 
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in women) of participants with CKD had stage 1 or 2 CKD (i.e., albuminuria with normal or 

near normal kidney function).

Overall prevalence of CKD was higher among older age categories in both cities (Figure 1a-

f). However, the age-related prevalence difference was more pronounced in Stages 3 to 5 

CKD than in Stage 1 or 2 CKD (prevalence difference 11.9% [95% CI: 8.8–15.0%] versus 

5.4% [95% CI: 2.4–8.4%] when comparing the 20–64 and ≥ 65 years age groups). Only 

2.0% of participants identified to have CKD had self-reported a history of kidney disease.

In a sensitivity analysis, the combined cystatin C and creatinine-based formula for estimated 

glomerular filtration (eGFR) yielded 182 participants with CKD as having eGFR < 60 

ml/min/1.73m2, compared with 187 participants when using the CKD-Epidemiology 

Collaboration Equation (CKD-EPI) creatinine-based formula (14).

CKD and diabetes mellitus

Chronic kidney disease prevalence among participants with diabetes mellitus was 15.4% 

(95% CI: 13.5 to 17.4%), substantially higher than that of participants without diabetes 

(prevalence difference: 10.5% [95% CI: 8.4 to 12.6%]). Prevalence was also higher among 

participants with study-diagnosed diabetes mellitus than among participants without diabetes 

(prevalence difference: 6.9% [95% CI: 4.6 to 9.2%]). The prevalence difference between 

diabetes and non-diabetes was of similar magnitude whether diabetes was defined using 

fasting glucose or HbA1c criteria. Supplemental Figure B provides prevalence data 

according to whole blood glycated hemoglobin (HbA1c) and fasting glucose categories after 

stratification by city and sex. Only 14% of participants with CKD did not have an 

accompanying abnormal A1c (≥ 5.7) and/or hypertension (Figure 2).

We also found the prevalence of CKD to be modestly higher among participants with 

obesity by body mass index (BMI) criteria (9.6% [95% CI: 7.8 to 11.4%]) compared with 

those in the normal BMI category (prevalence difference: 3.0% [95% CI: 1.0–5.1%]). 

Prevalence differences of similar magnitudes—between 3.8 to 4.8%—were observed among 

participants with abnormal waist-to-hip ratio, abnormal waist-circumference, and abnormal 

waist-to-height ratio when compared with participants in the normal category for each 

measure. Supplemental Figure C provides prevalence data according to several obesity 

indices after stratification by city and sex. Sensitivity analyses incorporating multiple 

imputation yielded similar prevalence data.

CKD and association with cardiovascular risk scores

Based on KDIGO criteria, 6.0%, 1.0%, and 0.5% of CARRS participants were at moderate, 

high, or very high risk, respectively, for experiencing adverse outcomes associated with 

CKD (Table 3). Thus, 20% of participants with CKD were at high or very high risk of an 

adverse outcome. The FRS and IHMRS placed a greater proportion of patients with CKD in 

the high-risk category, when compared with participants without CKD (Figure 3). Among 

all participants classified as being at moderate-to-high risk for a myocardial infarction using 

the IHRMS, participants with CKD had a higher mean IHMRS (12.8% [95% CI 12.3 to 

13.3%]) than participants without CKD (10.4% [95% 10.2 to 10.6%]), presumably 

translating to a 30% higher odds of a myocardial infarction over a 3-year period.
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Discussion

In this population-based study of two major cities in North and South India, we found that 

CKD as broadly defined is evident in 8.7% of the adult population. Unlike in high-income 

countries where stage 3 CKD with eGFR, between 30 and 59 ml/min/1.73m2 predominates, 

we estimate that albuminuria with normal or near normal eGFR was most common in India. 

Concordantly, a majority of participants with CKD had impaired glucose tolerance as 

reflected by abnormally high HbA1c measurements. One in five participants with CKD was 

in the upper risk categories for adverse events such as mortality or end-stage renal disease. 

Two commonly used cardiovascular risk scores classified nearly a third to half of 

participants with CKD as high risk for experiencing a cardiovascular event.

Studies from high income countries such as the U.S.(15), Spain(16), Japan(17), and 

Norway(18) place the prevalence of CKD generally between 10 and 13% of the adult 

population. Prevalence studies from low- and middle-income countries are sparse, though 

more data are being generated as management of non-communicable disease gains higher 

priority. Variability in the definition of CKD, serum creatinine assays, and ascertainment of 

proteinuria or albuminuria makes direct comparison of prevalence estimates difficult. 

However, in order to place our results in context, we compared our data to the most recent 

U.S. National Health and Nutrition Examination Survey (NHANES) data on prevalence of 

CKD (defined as CKD-EPI eGFR < 60 ml/min/1.73m2 or albumin-to-creatinine ratio ≥ 30 

mg/g on single sample testing)(5) and data from China (defined as Modification of Diet in 

Renal Disease Study [MDRD] Equation eGFR < 60 ml/min/1.73m2 or albumin to creatinine 

ratio ≥ 30 mg/g or urine albumin concentration > 20 mg/L on single sample testing) (19). 

Age-standardized to the World Bank Population structure for 2010 (20), the prevalence of 

CKD in the U.S. is 11.9% and in China is 9.7%, compared with 8.7% in our study. Thus, the 

prevalence of CKD in our study is likely close to that of China—particularly since we used a 

more specific equation to estimate GFR—but slightly lower than that of the U.S.

Most strikingly, we found stage 1 or 2 CKD (i.e., albuminuria alone) predominates: 80% of 

participants with CKD had albuminuria alone. In a study of a nationally representative 

sample of 47,204 adults 18 years or older in China, 84% of participants with CKD had stage 

1 or 2 CKD(19). While there has been considerable controversy regarding the clinical 

significance of isolated reduction of eGFR between 45 and 59 ml/min/1.73m2—with some 

experts have arguing that a majority of such persons have physiologic age-related reductions 

in solute clearance (21)—albuminuria has been associated with a linear and sizable increase 

in risk for all-cause mortality and cardiovascular events, starting at urine albumin-to-

creatinine ratios above 10 mg/g (4). Risk for end-stage renal disease is 4- to 11 fold higher 

among persons with albuminuria, compared with persons without albuminuria and eGFR 

above 60 mL/min/1.73m2 4).

A vast majority of participants with CKD in our study had diabetes mellitus or pre-diabetes. 

Both conditions are strong risk factors for albuminuria in particular (22). Over half of 

participants with CKD also had hypertension, potentially further increasing their risk for 

CKD progression (23). Not surprisingly, given the confluence of these three cardiovascular 

risk factors—i.e., albuminuria, diabetes, and hypertension—in participants with CKD, risk 
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scores predicting likelihood of a myocardial infarction or cardiovascular event placed a 

much greater proportion of participants with CKD in the “highest risk” categories compared 

with participants without CKD. Their risk of other adverse events related to CKD appeared 

to be on par with persons with CKD in the U.S. (24).

Of note, the higher prevalence of early, rather than moderate to advanced stage CKD 

presents a potential opportunity for intervention. Observational data in high-income 

countries make it clear that albuminuria can regress. In follow-up from the Diabetes 

Complications and Control Trial (DCCT), 40% of participants with persistent micro-

albuminuria experienced regression at 10 years(25). Modifiable factors associated with 

regression included more intensive glycemic and blood pressure control. Randomized 

control trials evaluating the use of renin-angiotensin-aldosterone system blockers to treat 

albuminuria in patients with diabetes mellitus (26) and/or hypertension (23) have shown a 

decrease in rates of progression of kidney disease. Incorporating treatment of hypertension, 

hyperglycemia, and hyperlipidemia in a step-wise, intensive approach led to a 50% 

reduction in development of overt nephropathy, cardiovascular disease, and mortality in 

persons with type 2 diabetes mellitus and albuminuria (27).

In our study, prevalence of CKD was higher than the general population in participants with 

“study-diagnosed” diabetes—confirming the findings of an earlier report from Chennai (28). 

This evidence of substantial end-organ effects of diabetes mellitus even among patients 

without any awareness of their condition highlights the urgency of an integrated non-

communicable disease screening program in low- or middle-income countries where routine 

primary care screening is unavailable.

In addition to the need for primary care screening, we can project that need for specialist 

care will rise substantially. Based on the recent guidelines from the KDIGO work group—

guidelines which aim to more systematically incorporate markers of prognosis, and 

streamline referral and monitoring—about 20% of CARRS participants with CKD (i.e., 

those in the high or very high risk categories) would require at least two physician visits 

annually (11). Thirteen percent require referral to a nephrologist. Extrapolating to the adult 

population of Delhi and Chennai—which are large metropolitan areas but nonetheless only 

represent 2% of the total adult Indian population—more than 170,000 people require 

nephrology care in these cities alone. In 2009, there were 950 practicing nephrologists in all 

of India (29). Similarly, if we extrapolate using the 95% confidence intervals around the 

estimate of prevalence of CKD stage V (i.e., eGFR below 15 min/ml/1.73m2) at which point 

dialysis or transplant therapy often becomes necessary, anywhere from 7,400 to 40,400 

adults living in Delhi and Chennai have advanced CKD. In the entire country of India, only 

about 20,000 people are undergoing maintenance dialysis (30). There is likely a large gap 

between persons with end-stage renal disease and those receiving renal replacement therapy, 

with over 90% likely dying without ever accessing therapy.

One major limitation of our analysis is that we did not re-examine participants’ urine or 

serum so as to exclude persons with transient albuminuria or reduction in eGFR. However, 

we compared our results to studies with similar “single-sample” estimation of CKD in the 

U.S. and China. We did not perform the survey in a rural site, where the prevalence of CKD 
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may be lower, in concordance with lower prevalence of diabetes mellitus. The equation we 

used to calculate eGFR—the CKD-EPI equation—was developed in the U.S. without Asian 

representation, so its sensitivity and specificity in this population is largely unknown. Using 

an Asian-specific coefficient did not improve its performance in a multi-ethnic Asian cohort 

(31). We used the FRS, also developed in a U.S. population, to estimate cardiovascular risk 

but did not have comorbidity data to exclude patients with peripheral vascular disease or 

heart failure from the risk calculation. More importantly, no prospective studies have 

validated this risk score in India, although its performance is felt to be similar to that of a 

locally-calibrated version (32). Results from the IHRMS, which was derived from a multi-

country population including India, are confirmatory.

Our study has several strengths. We used a standard definition of CKD incorporating 

albuminuria, and obtained a representative sample from cities in North and South India. We 

obtained detailed data on anthropometric measures of body size and laboratory data on 

diabetes mellitus. We were able to demonstrate that diabetes mellitus or pre-diabetes are 

common among persons with CKD—implying a high risk for progression. Because we had 

collected data on tobacco use, lipids, and blood pressure, we were also able to estimate risk 

for cardiovascular events.

In conclusion, one in 12 persons in two large cities in India have CKD, and the confluence 

of albuminuria, diabetes, and hypertension confers a worryingly high risk of cardiovascular 

disease in a population already experiencing one of the highest cardiovascular disease rates 

worldwide. At the same time, this is a sub-group of patients with CKD in whom multi-

pronged intervention has been definitively shown to improve outcomes. Translating 

available treatment into action in India and other countries in South Asia will require 

concerted public health attention.

Methods

The CARRS surveillance study is a study of cardiometabolic diseases and associated risk 

factors, representative of three major cities of South Asia—namely, Chennai and Delhi, 

India, and Karachi, Pakistan. We restricted this analysis to Delhi and Chennai as the 

laboratory in Karachi used different laboratory kits and equipment for serum and urine 

creatinine assays. The CARRS study used a multistage cluster sampling technique. The 

sampling frame for Chennai and Delhi was the total number of wards in each municipal 

corporation, excluding areas that were purely commercial or rural. From each city, we 

sequentially and randomly sampled wards, census enumeration blocks, and households, as 

described in detail previously (33). We recruited one eligible man and woman (≥ 20 years of 

age) pair from each household using the Kish method. We excluded individuals who were 

pregnant or bed-ridden (and therefore could not perform anthropometry).

Overall, we recruited 5365 participants from Delhi and 6906 participants in Chennai 

(response rate: 95%) during the baseline survey conducted between October 2010 and 

December 2011. We interviewed participants in their local languages at their households, 

and then invited them for standardized clinical examinations and fasting blood sample 
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collection in local camps. If a participant failed to come to these camps, we performed a 

third home visit (response rate for biospecimens: 84%).

Of the 12,271 participants from Delhi and Chennai, 9797 (80%) who had complete data on 

serum creatinine and albuminuria comprise the analytic group. In general this group was 

representative of all participants from Delhi and Chennai, although there were 

proportionally fewer men (44% in the analytic group versus 48% overall) and women were 

slightly younger (mean age 40.4 years in analytic group versus 41.8 years overall) 

(Supplemental Table A).

The study received approval for human subjects’ research from the Ethics Committees of the 

Public Health Foundation of India and All India Institute of Medical Sciences (Delhi), 

Madras Diabetes Research Foundation (Chennai), and Emory University (Atlanta).

Demographics, anthropometry, and blood pressure

We obtained data on age, sex, years of schooling, education, income, employment status, 

and tobacco use using a standardized questionnaire. To characterize household wealth, we 

used principal components analysis to construct a cumulative asset index based on weighted 

scores for ownership of different household assets, and divided asset scores into tertiles 

representing low (score ≤7), middle (8–26), and high (≥27) assets owned. We derived the 

weighted score from the wealth index used by the National Family Health Survey (34).

Using protocols from the NHANES, we obtained weight, height, waist circumference, and 

hip circumference. We used standard categories for BMI (in kg/m2) (35), waist 

circumference (36), waist-to-height ratio (37) and waist-to-hip ratio (38). Trained study staff 

measured blood pressure twice after five minutes in a seated position using an electronic 

sphygmomanometer (Omron Dailan Co., Ltd, Dalian, Liaoning, China), obtaining a third 

measurement if the difference between the first two systolic or diastolic measurements was 

more than 10 mmHg and 5 mmHg, respectively. We used the mean of the first two 

measurements, or the second and third measurements if a third measurement was obtained. 

We defined a participant as having hypertension if mean blood pressure was ≥ 140 mmHg 

systolic or ≥ 90 mmHg diastolic(39) or the participant self-reported hypertension and was on 

medications. We defined a participant as diabetes if whole blood glycated hemoglobin 

(HbA1c) was ≥ 6.5%(40) or the participant self-reported diabetes and was on medications.

Laboratory measures

Accredited site laboratories processed participants’ fasting blood and urine samples. These 

laboratories participated in the External Quality Assurance program of Randox International 

Quality Assessment Scheme (RIQAS). We measured venous fasting plasma glucose using 

hexokinase/kinetic methods and HbA1c using high performance liquid chromatography 

which is standardized to the National Glycohemoglobin Standardization Program. We used 

the immunoturbidimetric assay to measure urine albumin, and the kinetic Jaffe method with 

IDMS traceable assays to measure urine and serum creatinine (Roche Diagnostics GmbH, 

Manheim, Germany).
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With the 2012 KDIGO CKD guidelines as a reference (11), we defined a participant as 

having CKD if he or she had albuminuria (albumin-to-creatinine ratio ≥ 30 mg/g) or eGFR < 

60 ml/min/1.73m2. Stage 1–2 CKD is defined as albuminuria with eGFR between ≥ 90 or 60 

to < 90 ml/min/1.73m2 respectively; Stage 3, 4, and 5 CKD is defined as eGFR between 30 

to < 60, 15 to < 30, and < 15 ml/min/1.73m2 respectively. We used the CKD-EPI equation 

to estimate GFR (41).

In a sensitivity analysis of the prevalence estimate, we performed cystatin C measurements 

(using the particle enhanced immunoturbidimetric assay from Roche Diagnostics) among 

participants labeled as having CKD. We then used the combined creatinine and cystatin C 

eGFR equation to estimate eGFR in this subgroup (42).

Statistical analyses

We present continuous data as mean (± standard deviation) and categorical data as 

proportions. We present CKD prevalence estimates after adjusting for survey sampling 

technique—i.e., the probability for selection at the individual level—and survey non-

response at both the household and individual level. Using sex-specific age distribution of 

Chennai and Delhi from the 2011 census, we further post-stratified our sampling weights. 

To allow for comparison to studies from the U.S. and China, we also present a CKD 

prevalence estimate age-standardized to the World Bank 2010 World population structure 

(20). We stratified our prevalence estimates by city, sex, age categories, and diabetes status. 

We compared estimates using prevalence differences and 95% confidence intervals using 

proc survey procedures in SAS which accounted for sampling probability and non-response. 

Finally we examined prevalence estimates of CKD according to BMI, waist circumference, 

waist-to-hip ratio, and waist-to-height ratio categories. Since missing values of waist and 

height exceeded 10%, we performed a sensitivity analysis employing multiple imputation 

(using the chained equations method to generate 25 datasets for each obesity measure). To 

predict the risk of adverse outcomes related to CKD, we describe the distribution of the 

surveyed population according to the 2012 KDIGO classification of CKD (11). Further, to 

evaluate the anticipated future burden of cardiovascular disease in participants with and 

without CKD, we calculated a sex-stratified Framingham Risk Score (FRS), which 

determines the ten-year likelihood of a cardiovascular event (coronary death, myocardial 

infarction, stroke, peripheral arterial disease or heart failure) among participants without 

self-reported heart disease or stroke (12). We entered participants’ age, sex, smoking status, 

systolic blood pressure, diabetes status, and cholesterol (total and HDL) into the regression 

equation provided by D'Agostino et al (12). We then categorized participants as being at low 

(<10%), moderate (10–20%), or high (>20%) risk over a ten-year period, and compared 

these proportions in participants with and without CKD. We performed a similar procedure 

for the Interheart Modifiable Risk Score (IHMRS) which uses participants’ age, exposure to 

second-hand smoke, LDL, HDL, and smoking, diabetes, and hypertension status to predict 

the relative odds of a myocardial infarction (13, 43). Each one point increase in the IHMRS 

correlates with a 12% increase in odds of a myocardial infarction over the next 3 year 

period. We conducted our analyses using SAS version 9.3 (Cary, NC, USA).
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. CKD prevalence according to age categories and stage of CKD
CKD prevalence in the CARRS study according to age categories and stage. a-c represent 

Chennai; d-f represent Delhi. Error bars represent 95% confidence intervals. Stage 1 or 2 

CKD identifies patients with albuminuria (≥ 30 mg/g) and eGFR ≥ 60 ml/min/1.73m2; Stage 

3 to 5 CKD identifies patients with eGFR < 60 ml/min/1.73m2. Abbreviations: CARRS-

Center for Cardiometabolic Risk Reduction in South Asia; CKD-Chronic kidney disease; 

eGFR-estimated glomerular filtration rate.
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Figure 2. 
Confluence of abnormally high A1c, hypertension, and CKD in the CARRS study. Eighty-

six percent of participants with CKD had either abnormal A1c (≥ 5.7) and/or hypertension. 

Abbreviations: CKD-Chronic kidney disease; CARRS-Center for Cardiometabolic Risk 

Reduction in South Asia.
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Figure 3. 
Distribution of Framingham and Interheart Modifiable Risk Scores according to CKD status. 

Using the FRS, 30.8% (95% CI: 25.9 to 35.8%) of participants with CKD were placed in the 

high-risk category (>20% likelihood) for experiencing a cardiovascular event in the next 10 

years, with a prevalence difference of 21.8% (95% CI: 17.3 to 26.3%) from the participants 

without CKD. Using the Interheart Modifiable Risk Score, 49.2% (95% CI: 44.5 to 53.8%) 

of participants were in the high-risk category (> 5 fold increase in odds of myocardial 

infarction over the next 3 years), with a prevalence difference of 26.3% (95% CI: 21.9 to 

30.6%) from participants without CKD.
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TABLE 1

Characteristics of Chennai and Delhi participants, CARRS Study (N=9797)

Chennai
N=5744

Mean ± SD or N (%)

Delhi
N=4053

Mean ± SD or N (%)

Men Women Men Women

2553 (44) 3191 (56) 2006 (49) 2047 (51)

Demographics

Mean age (years) 42.6 ± 13.0 40.4 ± 12.1 45.8 ± 13.5 44.4 ± 12.7

  20 to 44 1511 (59) 2093 (66) 977 (49) 1070 (52)

  45 to 64 881 (35) 967 (30) 821 (41) 819 (40)

  ≥ 65 161 (6) 131 (4) 208 (10) 158 (8)

Education (years)

  < 1 to 4 123 (5) 431 (14) 166 (8) 491 (24)

  5 to 12 1845 (72) 2243 (70) 1171 (59) 1019 (50)

  ≥ 12 402 (16) 280 (9) 584 (29) 465 (23)

Occupation

  Not working# 358 (14) 2630 (82) 312 (16) 1801 (88)

  Unskilled & semiskilled 1077 (42) 360 (11) 605 (30) 360 (4)

  Skilled 1058 (42) 186 (6) 881 (44) 143 (7)

  White collar 60 (2) 15 (1) 208 (10) 15 (1)

Asset index

  Low 1083 (42) 1444 (45) 553 (27) 606 (29)

  Medium 963 (38) 1168 (37) 495 (25) 504 (25)

  High 507 (20) 579 (18) 958 (48) 936 (46)

Current tobacco use 979 (38) 112 (4) 757 (38) 137 (7)

Anthropometry

Abnormal WC† 197 (8) 873 (27) 286 (14) 916 (45)

  Missing 290 (11) 138 (4) 50 (2) 53 (3)

Abnormal WHR╫ 1729 (77) 1301 (41) 1497 (75) 1222 (60)

  Missing 293 (12) 139 (4) 58 (3) 62 (3)

Abnormal WHtRΩ 1250 (49) 1884 (59) 1213 (61) 1341 (66)

  Missing 707 (28) 619 (19) 317 (16) 327 (16)

BMI (kg/m2)

  < 18.5 150 (6) 119 (4) 140 (7) 106 (5)

  18.5 to <25 901 (35) 832 (26) 771 (38) 571 (28)

  25 to < 30 612 (24) 991 (31) 523 (26) 569 (28)

  ≥ 30 136 (5) 595 (19) 201 (10) 429 (21)

  Missing 750 (30) 654 (31) 371 (19) 372 (18)

Laboratories and BP

Fasting glucose (mg/dL)

  < 100 1666 (65) 1901 (60) 838 (42) 882 (43)
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Chennai
N=5744

Mean ± SD or N (%)

Delhi
N=4053

Mean ± SD or N (%)

Men Women Men Women

  100 to < 126 410 (16) 710 (22) 751 (37) 815 (40)

  ≥ 126* 477 (19) 580 (18) 414 (21) 348 (17)

  Missing - - 3 (0.1) 2 (0.1)

Hemoglobin A1c (%)

  < 5.7 1096 (43) 1211 (38) 556 (28) 20 (1)

  5.7–6.4 836 (33) 1238 (39) 794 (40) 644 (32)

  ≥ 6.5* 611 (24) 737 (23) 641 (32) 790 (39)

  Missing 10 (0.4) 5 (0.2) 15 (0.8) 593 (29)

Blood pressure (mmHg)

  Sys &/or Dias

  <120 & < 80 704 (28) 1469 (46) 417 (21) 707 (35)

  120–139 or 80–89 847 (33) 866 (27) 728 (36) 616 (30)

  ≥ 140 or ≥ 90* 737 (29) 756 (24) 848 (42) 716 (35)

  Missing 265 (10) 100 (3) 13 (0.6) 8 (0.4)

Definitions:

#
Not working category includes home-makers or retired participants.

†
Abnormal waist circumference: > 102 cm for men, > 88 cm for women

╫
Abnormal waist-to-hip ratio: > 0.9 for men, > 0.85 for women

Ω
Abnormal waist-to-height ratio: > 0.5

*
The highest blood pressure, fasting glucose and A1c category include participants who self-reported the condition and were on medications

Abbreviations: CARRS-Center for Cardiometabolic Risk Reduction in South Asia; WC-waist circumference; WHR: waist-to-hip ratio; WHtR: 
waist-to-height ratio; BMI: Body mass index; Sys-systolic; Dias-Diastolic
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