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A B S T R A C T

Objectives: To determine relationship of body mass index (BMI) with multiple cardiovascular risk 
factors.
Methods: Population-based surveys were performed and 1893 subjects aged 20–59 years evalu-
ated. Data were collected using anthropometry and fasting glucose and lipid estimation. Statistical 
analyses were performed using curve fit and logistic regression.
Results: Body mass index was correlated significantly (Rho, R2) with weight (0.80, 0.64), waist 
(0.74, 0.55) and waist hip ratio (0.24, 0.06) (P < 0.05). Linear relationship was observed with systo-
lic blood pressure (SBP) (0.39, 0.15), diastolic blood pressure (DBP) (0.29, 0.08), fasting glucose 
(0.13, 0.02), cholesterol (0.10, 0.01), high-density lipoprotein cholesterol (HDL-c) (−0.16, 0.03), and 
triglycerides (0.12, 0.01). Significant trends of risk factors with each increasing BMI unit (χ2 test, 
P < 0.001) were observed for hypertension (HTN) (214.4), diabetes (29.5), metabolic syndrome 
(108.9), and low HDL-c (40.5), and weaker trends with hypercholesterolemia (20.6), and hyper-
triglyceridemia (9.6). There was exponential relationship of BMI with age- and sex-adjusted odds 
ratios for HTN, diabetes, and metabolic syndrome.
Conclusion: Metabolic cardiovascular risk factors continuously worsen with increasing BMI.

Copyright © 2012, Cardiological Society of India. All rights reserved.
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Introduction

Prospective Studies Collaboration has reported that there is a 
significant correlation of body mass index (BMI) with cardio-
vascular mortality.1 In a meta-analysis of about a million 
Caucasian subjects, who were prospectively followed for at 
least 2 years, it was reported that there was a U-shaped 
correlation of all-cause mortality with BMI; increased mor-
tality in lower BMI arm was due to respiratory and infectious 
diseases while the higher BMI was associated with greater 
cardiovascular mortality. It was also reported that there is a 
continuous gradient of cardiovascular mortality starting with 
BMI of 21 kg/m2. Similar U-shaped curve has been reported 
in studies from USA, UK, and Korea.2–13 The US National 
Cancer Institute prospectively studied 1.46 million Caucasian 

subjects and reported a J-shaped mortality curve with lowest 
deaths at BMI of 22.5–24.9 and highest at > 30.0 kg/m2.6 Two 
prospective studies from India noted a reverse J-shaped 
curve with greatest all-cause mortality at BMI < 18 kg/m2.7,8 
For cardiovascular mortality the relationship was not clear.7 
A Korean study11 reported a linear increase in cardiovascular 
mortality as BMI increased from 18.5 kg/m2 to > 30 kg/m2 
while the US cancer cohort study showed a J-shaped graph 
with the lowest mortality at BMI 20–22.4 kg/m2 and highest 
at 40–49 kg/m2.6

Relationship of metabolic cardiovascular risk factors with 
BMI has been studied in multiple populations in Europe, 
north America and Asia.2,14,15 These studies reported a varia-
ble trend in multiple metabolic risk factors with increasing 
BMI. Continuous linear relationship of hypertension (HTN) 
with increasing BMI has been reported in all the studies16 
while variable results have been obtained with other cardio-
vascular risk factors such as diabetes and dyslipidaemia. 
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Framingham Offspring study reported significant correlation 
of BMI with blood pressure (BP), glucose, cholesterol, and 
other lipids17 while a similar study in Chinese populations 
showed correlation with HTN and dyslipidaemia and not with 
diabetes.18

Indian National Family Health Surveys reported a rapid in-
crease in BMI and prevalence of obesity in the country.19 
Increasing urbanisation with associated dietary and physical 
activity transitions is fuelling the obesity epidemic in India.20 
Increased BMI has been shown to be associated with increased 
cardiovascular risks in urban Indian populations.21 There is 
controversy regarding levels of BMI where cardiovascular 
risks increases in various low income countries.22 Studies have 
reported that BMI ≥ 25 kg/m2 is associated with increased 
cardiovascular risks while a few suggest that BMI ≥ 23 kg/m2 
should be used as a cut-off for defining overweight.23 We 
performed cross-sectional studies in north India to identify 
prevalence of major cardiovascular risk factors.25,26 To corre-
late BMI and with multiple metabolic cardiovascular risk 
factors we analysed data using regression-based statistical 
techniques.

Methods

A series of cross-sectional epidemiological studies have been 
performed to determine cardiovascular risk factors in urban 
populations in Jaipur and Delhi. These studies were approved 
by the Institutional Ethics Committee and supported finan-
cially by different organisations. In Jaipur Heart Watch (JHW) 
series,26,27 we targeted men and women for complete socio-
economic, physical, and biochemical profiles in contrast to 
the others where biochemical measurements were obtained 
in random subjects. We conducted stratified cluster sampling 
on the Voters’ lists in six locations representing an adult pop-
ulation of about 130,000 in Jaipur city in JHW-226 and two 
locations in JHW-3.27 The studies were representative of local 
population as reported earlier.27 In JHW-2, of the targeted 
population proportionate 960 men and 840 women, we eval-
uated 550 men (57.3%) and 573 women (68.2%) and in JHW-3, 
of the eligible 320 men and 280 women, we evaluated 226 
(70.6%) and 232 (82.9%), respectively (overall response rate 
62%). For the present analyses we included subjects 20–59 
years of age (619 men, 661 women). In Delhi,25 data were ob-
tained from a study by systematic random sampling among a 
population of about 30,000. The overall response rate was 
80.5% as reported earlier.28 In brief, we collected information 
regarding demographic data, educational level, history of 
chronic illnesses such as coronary heart disease, HTN, diabe-
tes, or high cholesterol levels, and smoking or tobacco intake. 
Income details were not inquired. Brief questions were asked 
to evaluate physical activity and diet but the results were con-
sidered inadequate and not included in the analyses. Physical 
examination was performed to assess height, weight, waist 
and hip circumference, and BP. Body mass index was calcu-
lated as weight (kg) divided by squared height (m). Waist hip 
ratio (WHR) was calculated. Fasting glucose was determined 
at a central laboratory using glucose peroxidase method and 

external quality control. Total cholesterol (TC) was measured 
using cholesterol oxidase-phenol 4-aminophenazone peroxi-
dase method and high-density lipoprotein cholesterol (HDL-c) 
using an enzymatic method after precipitating non-HDL-c 
with a manganese-heparin substrate. Triglycerides were 
measured using the glycerol phosphate oxidase-peroxidase 
enzymatic method. Quality control measures were followed 
for estimation of TC, HDL-c and triglycerides (TG) while low-
density lipoprotein cholesterol (LDL-c) was estimated using 
the Friedewald’s formula.

Diagnostic criteria

We used the diagnostic criteria as advised by American 
College of Cardiology clinical data standards.29 Smokers in-
cluded subjects with present or past smoking. Isolated non-
smoked tobacco use was also identified. Hypertension was 
diagnosed when the systolic BP (SBP) or diastolic BP (DBP) 
was ≥ 140/≥ 90 mmHg on a repeated single day measurements 
or the individual was a known hypertensive. Dyslipidaemia was 
defined by the presence of high TC (≥ 200 mg/dL), high LDL-c 
(≥ 130 mg/dL), low HDL-c (< 40 mg/dL), or high TG (≥ 150 mg/dL) 
according to National Cholesterol Education Program, Adult 
Treatment Panel III (NCEP, ATP III) guidelines.30 Diabetes was 
diagnosed when a subject provided history of previously diag-
nosed diabetes or the fasting blood glucose was ≥ 126 mg/dL. 
Metabolic syndrome was also defined according to the NCEP 
ATP III guidelines30 and presence of any three of the five cri-
teria (high waist circumference [WC] > 100 cm men, > 90 cm 
women; BP ≥ 130 mmHg systolic and/or ≥ 90 mmHg diastolic; 
fasting hyperglycaemia ≥ 110 mg/dL; low HDL-c < 40 mg/dL 
men < 50 mg/dL women; and high TG ≥ 150 mg/dL) were con-
sidered diagnostic.

Statistical analysis

Continuous variables are reported as mean ± 1 standard devi-
ation and ordinal variables in percent. Prevalence rates are 
reported in percent. Age- and sex-adjustment of various con-
tinuous variables (BMI, BP, glucose, and lipids) was performed 
within the statistical programme (SPSS version 15.0, SPSS Inc, 
Chicago, USA) using analysis of covariance (ANCOVA). Direct 
method was used for age adjustment of prevalence rates with 
standard Indian million population.31 Linear associations of 
BMI with continuous risk factor variables were calculated 
using Spearman’s rho, linear regression, exponential regres-
sion and quadratic regression analysis within the statistical 
programme.32 Graphics to plot scatter distribution of BMI with 
numerical variables and box-plot graphs for BMI categories 
and numerical variables have been produced using SPSS pro-
gramme. Significance has been evaluated using ANOVA for 
trend. Trends in prevalence rates have been calculated using 
Mantel Haenzel χ2. Age- and sex-adjusted odds ratios (OR) 
for risk factor prevalence at each BMI category were calculated 
using logistic regression analysis. P values < 0.05 are considered 
significant.
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Results

We evaluated 1893 subjects (men 949, women 944) aged 
20–59 years. Association of each kg/m2 unit increase in BMI 
with multiple anthropometric factors is shown in Table 1. Cor-
relation analysis, with Spearman’s Rho and R2, respectively, 
indicate a non-significant relationship with height and a signifi-
cant association with weight (0.80, 0.64), waist (0.74, 0.55), 
hip (0.44, 0.21), and WHR (0.24, 0.06) (P < 0.05). There is a linear 
relationship with SBP (0.39, 0.15), DBP (0.29, 0.08), fasting glu-
cose (0.13, 0.02), cholesterol (0.10, 0.01), HDL-c (−0.16, 0.03), 
and TG (0.12, 0.01) (Table 2). Scatter-plots and graphic analysis 
of association of BMI with risk factors shows a significant posi-
tive relationship with SBP, fasting glucose, TC, TG, and LDL-c, 
and negative correlation with HDL-c (Figure 1). Quadratic re-
gression analysis shows similar associations of BMI with SBP, 
DBP, fasting glucose, TC, HDL-c, and TG (data not shown).

Prevalence of various risk factors at different BMI categories 
is shown in Table 3. Trend analysis reveals highly significant 
correlations of increasing BMI with prevalence of truncal obes-
ity, HTN, diabetes, and metabolic syndrome (Ptrend < 0.0001), 
and weaker though significant correlations with high choles-
terol, low HDL-c, and TG (Ptrend < 0.001). Relationship of preva-
lence of various cardiovascular risk factors with increasing BMI 
shows a strong exponential relationship with HTN (R� = 0.87), 
hypercholesterolemia (0.29), diabetes (0.47), and the meta-
bolic syndrome (0.63) (Figure 2). Graphic description of trends 
in ORs of association of each unit increase in BMI (baseline 
< 18 kg/m2) with prevalence of risk factors is depicted in 
Figure 3. Highly significant linear and exponential trends are 

observed for association with HTN, diabetes and the meta-
bolic syndrome. The age- and sex-adjusted ORs and 95% con-
fidence interval for association of HTN with BMI are: 1.49 
(0.79–2.81) at 21–21.9 kg/m2, 2.58 (1.45–4.56) at 22–22.9 kg/m2, 
4.49 (2.61–7.72) at 25–25.9 kg/m2 and 12.3 (7.58–19.96) at 
BMI ≥ 30 kg/m2. Similar associations are observed for diabe-
tes 4.67 (1.77–12.36) at 21–21.9 kg/m2, 4.53 (1.74–11.77) at 
22–22.9 kg/m2, 3.07 (1.15–8.21) at 25–25.9 kg/m2 and 6.21 
(2.62–14.68) at BMI ≥ 30 kg/m2; as well as the metabolic syn-
drome 3.98 (1.67–9.52) at 21–21.9 kg/m2, 4.30 (1.84–10.02) at 
22–22.9 kg/m2, 9.42 (4.25–20.86) at 25–25.9 kg/m2 and 10.48 
(4.97–22.10) at BMI ≥ 30 kg/m2. Weaker, though significant, 
trends are observed for hypercholesterolemia, low HDL-c, 
and hypertriglyceridemia (Figure 3).

Discussion

This study in urban Asian Indians shows that there is a sig-
nificant linear association of multiple cardiovascular risk 
factors with BMI. This is confirmed by linear regression, 
quadratic regression, and non-linear analyses. As compared 
to BMI < 18 kg/m2 there is a stepwise increment of multiple 
risk factors, specifically HTN, diabetes, and metabolic syn-
drome with increasing BMI. Logistic regression analysis shows 
that at BMI of 20.0–20.9 kg/m2 the ORs for HTN, diabetes, and 
the metabolic syndrome are 1.5–2, at BMI of 22–22.9 kg/m2, 
2.5–4 and at BMI > 30 kg/m2 the ORs are in range of 10–14 
implying a continuous linear relationship of various meta-
bolic risk factors with increasing obesity.

Table 1
Mean anthropometric values at different body mass index levels among 1893 subjects (men 949, women 944) aged 20–59 years in north India 
during study years 1999–2004.

BMI groups Height Weight Waist Hip WHR

< 18 (n = 170) 162.53 ± 9.57 43.17 ± 6.32 68.37 ± 7.41 81.72 ± 10.64 0.82 ± 0.08
18–18.9 (n = 69) 163.49 ± 11.37 49.81 ± 7.05 73.89 ± 7.27 82.27 ± 13.91 0.86 ± 0.08
19–19.9 (n = 80) 163.61 ± 9.71 52.49 ± 6.28 76.45 ± 7.98 85.35 ± 16.52 0.85 ± 0.08
20–20.9 (n = 87) 164.75 ± 9.88 55.94 ± 6.71 77.71 ± 6.78 85.23 ± 15.61 0.87 ± 0.06
21–21.9 (n = 108) 162.42 ± 10.01 57.09 ± 7.09 81.86 ± 8.29 88.48 ± 15.44 0.88 ± 0.08
22–22.9 (n = 126) 163.71 ± 11.03 60.73 ± 8.21 82.77 ± 10.01 87.14 ± 18.64 0.89 ± 0.08
23–23.9 (n = 161) 166.23 ± 9.91 65.10 ± 7.80 87.29 ± 8.37 92.14 ± 15.52 0.90 ± 0.08
24–24.9 (n = 152) 166.21 ± 10.82 68.10 ± 8.88 90.47 ± 7.10 95.41 ± 14.27 0.92 ± 0.06
25–25.9 (n = 138) 162.46 ± 11.37 67.68 ± 9.61 88.15 ± 11.48 95.51 ± 15.83 0.89 ± 0.12
26–26.9 (n = 146) 163.35 ± 9.86 71.70 ± 11.44 93.01 ± 7.67 95.58 ± 19.36 0.91 ± 0.07
27–27.9 (n = 131) 162.80 ± 9.99 73.10 ± 9.19 95.97 ± 8.25 100.57 ± 16.93 0.91 ± 0.07
28–28.9 (n = 101) 159.65 ± 10.29 72.39 ± 9.60 95.10 ± 8.84 99.89 ± 19.33 0.90 ± 0.08
29–29.9 (n = 83) 162.31 ± 10.14 77.62 ± 10.02 99.05 ± 9.56 102.25 ± 19.50 0.91 ± 0.12
30–30.9 (n = 99) 163.26 ± 10.89 81.41 ± 10.90 104.79 ± 19.01 106.74 ± 21.38 0.95 ± 0.14
31–31.9 (n = 50) 161.60 ± 10.26 82.57 ± 10.52 103.93 ± 9.66 101.11 ± 23.45 0.94 ± 0.09
32–32.9 (n = 53) 160.86 ± 9.77 84.28 ± 10.62 103.15 ± 9.90 111.36 ± 18.59 0.90 ± 0.08
33–33.9 (n = 30) 159.80 ± 10.37 85.04 ± 11.33 107.20 ± 12.54 102.09 ± 30.41 0.92 ± 0.09
34–34.9 (n = 26) 157.54 ± 13.81 85.96 ± 15.73 101.75 ± 6.51 111.42 ± 20.28 0.87 ± 0.08
35–39.9 (n = 45) 155.57 ± 8.13 88.44 ± 10.50 106.97 ± 7.12 118.0 ± 18.87 0.93 ± 0.31
40 + (n = 23) 148.09 ± 16.83 96.70 ± 13.26 111.19 ± 14.84 125.75 ± 27.21 0.88 ± 0.13
ANOVA (P) 6.606 (0.000) 179.554 (0.000) 132.110 (0.000) 28.275 (0.000) 10.835 (0.000)
ANOVA trend (P) 39.501 (0.000) 3310.41 (0.000) 2398.282 (0.000) 504.523 (0.000) 116.544 (0.000)
Spearman’s Rho –0.143 0.797  0.743 0.462 0.239
R2 0.021 0.636 0.552 0.213 0.057

BMI: body mass index, WHR: waist hip ratio.
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Table 2
Mean values of biophysical and biochemical variables at different body mass index among 1893 subjects (men 949, women 944) aged 20–59 
years in north India during study years 1999–2004.

BMI groups Systolic Diastolic Glucose Total cholesterol HDL cholesterol Triglycerides
 BP mmHg BP mmHg mg/dL mg/dL mg/dL mg/dL

< 18 (n = 170) 109.81 ± 16.40 71.14 ± 10.92 80.60 ± 25.09 176.30 ± 32.47 42.80 ± 10.99 122.96 ± 57.13
18–18.9 (n = 69) 111.79 ± 13.36 73.63 ± 8.98 83.79 ± 19.79 181.88 ± 40.16 40.98 ± 8.79 119.74 ± 44.47
19–19.9 (n = 80) 112.95 ± 15.68 74.23 ± 12.96 84.98 ± 28.43 182.19 ± 41.11 43.08 ± 9.51 126.74 ± 53.24
20–20.9 (n = 87) 113.26 ± 13.26 75.70 ± 9.98 84.68 ± 21.72 182.0 ± 43.42 41.40 ± 7.92 125.97 ± 52.80
21–21.9 (n = 108) 113.93 ± 14.87 75.70 ± 11.75 98.30 ± 52.0 192.35 ± 43.21 40.95 ± 9.52 140.07 ± 82.61
22–22.9 (n = 126) 115.07 ± 15.01 76.96 ± 12.0 92.51 ± 22.70 191.48 ± 41.34 42.38 ± 10.52 132.19 ± 56.79
23–23.9 (n = 161) 118.20 ± 16.19 78.50 ± 11.01 89.23 ± 22.39 187.31 ± 39.80 38.44 ± 7.74 141.48 ± 63.61
24–24.9 (n = 152) 118.67 ± 16.24 80.07 ± 11.05 92.89 ± 30.06 197.84 ± 45.48 38.21 ± 8.21 150.16 ± 75.35
25–25.9 (n = 138) 120.08 ± 18.89 78.07 ± 15.19 96.60 ± 40.16 192.86 ± 44.72 40.74 ± 9.36 159.07 ± 89.02
26–26.9 (n = 146) 124.49 ± 17.26 81.43 ± 10.93 90.80 ± 24.95 193.27 ± 40.24 37.80 ± 7.81 136.37 ± 65.27
27–27.9 (n = 131) 127.49 ± 18.41 85.77 ± 14.05 95.45 ± 37.88 193.75 ± 37.49 38.27 ± 7.65 153.44 ± 96.01
28–28.9 (n = 101) 123.91 ± 17.70 83.28 ± 10.82 100.37 ± 49.21 197.26 ± 40.05 39.01 ± 8.89 168.10 ± 87.10
29–29.9 (n = 83) 129.01 ± 17.12 85.18 ± 12.15 97.45 ± 33.49 196.57 ± 44.54 39.61 ± 10.56 150.59 ± 67.63
30–30.9 (n = 99) 135.92 ± 34.12  87.71 ± 13.68 98.61 ± 39.52 187.83 ± 32.63 38.42 ± 6.19 144.74 ± 84.54
31–31.9 (n = 50) 122.96 ± 24.12 82.16 ± 16.26 101.84 ± 34.55 199.38 ± 39.68 37.86 ± 10.63 133.70 ± 51.65
32–32.9 (n = 53) 127.74 ± 13.16 85.09 ± 7.90 101.13 ± 42.49 188.70 ± 36.45 40.13 ± 7.93 148.13 ± 73.61
33–33.9 (n = 30) 131.60 ± 15.43 89.07 ± 10.32 85.60 ± 23.89 176.27 ± 29.42 36.23 ± 6.12 155.93 ± 15.41
34–34.9 (n = 26) 138.38 ± 19.57 87.38 ± 9.75 99.27 ± 45.90 199.33 ± 34.23 37.65 ± 5.90 152.58 ± 63.79
35–39.9 (n = 45) 139.36 ± 25.33 93.63 ± 12.10 93.84 ± 28.99 193.84 ± 42.57 37.71 ± 6.76 147.44 ± 65.81
40 + (n = 23) 159.65 ± 58.22 124.52 ± 14.66 92.09 ± 19.49 195.87 ± 40.77 36.96 ± 5.07 148.74 ± 86.11
ANOVA F value (P) 20.870 (0.000) 12.646 (0.000) 3.389 (0.000) 2.807 (0.000) 4.536 (0.000) 3.047 (0.000)
ANOVA for trend (P) 338.122 (0.000) 173.966 (0.000) 32.595 (0.000) 19.425 (0.000) 48.485 (0.000) 26.055 (0.000)
Spearman’s Rho 0.390 0.290 0.130 0.101 –0.158 0.117
R2 0.152 0.084 0.017 0.010 0.025 0.014

BMI: body mass index, BP: blood pressure, HDL: high-density lipoprotein.

Table 3
Prevalence of cardiovascular risk factors at different body mass index among 1893 subjects (men 949, women 944) aged 20–59 years in north 
India during study years 1999–2004.

BMI groups WHR > 0.8/0.9 Hypertension Diabetes Metabolic Cholesterol LDL cholesterol HDL cholesterol  Triglycerides
   mellitus syndrome ≥ 200 mg/dL ≥ 130 mg/dL < 40 mg/dL ≥ 150 mg/dL

< 18 (n = 170) 38 (22.5) 13 (7.7) – 8 (4.7) 30 (17.6) 37 (21.9) 68 (40.2) 33 (19.4)
18–18.9 (n = 69) 30 (44.1) 10 (14.3) 2 (2.9) 3 (4.4) 18 (26.1) 18 (26.1) 33 (47.8) 12 (17.4)
19–19.9 (n = 80) 35 (43.6) 13 (16.5) 2 (2.5) 7 (8.8) 23 (28.8) 22 (27.5) 34 (42.5) 21 (26.2)
20–20.9 (n = 87) 40 (46.5) 9 (10.5) 1 (1.1) 3 (3.4) 23 (26.4) 23 (26.4) 31 (35.6) 21 (24.1)
21–21.9 (n = 108) 65 (60.2) 17 (16.0) 9 (8.3) 18 (16.7) 41 (38.0) 41 (38.3) 57 (53.3) 34 (31.5)
22–22.9 (n = 126) 86 (69.4) 31 (25.2) 6 (4.8) 22 (17.6) 47 (37.3) 46 (36.8) 53 (42.4) 36 (28.6)
23–23.9 (n = 161) 113 (71.1) 42 (26.8) 8 (5.0) 35 (21.2) 55 (34.2) 58 (36.0) 101 (62.7) 47 (29.2)
24–24.9 (n = 152) 125 (83.3) 44 (29.5) 10 (6.6) 41 (27.0) 64 (42.1) 69 (45.7) 86 (57.0) 49 (32.2)
25–25.9 (n = 138) 103 (75.7) 38 (27.7) 11 (8.0) 44 (31.9) 53 (38.4) 46 (33.3) 71 (51.4) 52 (37.7)
26–26.9 (n = 146) 119 (83.3) 51 (35.7) 10 (6.8) 40 (27.8) 57 (37.7) 62 (42.8) 96 (66.2) 40 (27.4)
27–27.9 (n = 131) 115 (89.1) 67 (51.5) 9 (6.9) 42 (32.1) 49 (37.4) 54 (41.2) 82 (62.6) 41 (31.3)
28–28.9 (n = 101) 76 (77.6) 39 (39.4) 8 (7.9) 40 (41.4) 45 (44.6) 41 (41.0) 64 (64.0) 45 (44.6)
29–29.9 (n = 83) 71 (86.6) 36 (43.9) 8 (9.6) 28 (34.1) 33 (39.8) 36 (43.4) 50 (60.2) 33 (39.8)
30–30.9 (n = 99) 92 (95.8) 52 (53.6) 12 (12.1) 33 (33.7) 31 (31.3) 34 (35.1) 63 (64.9) 28 (28.3)
31–31.9 (n = 50) 47 (94.0) 19 (38.0) 6 (12.0) 17 (34.0) 26 (52.0) 25 (50.0) 32 (64.0) 11 (22.0)
32–32.9 (n = 53) 39 (75.0) 23 (43.4) 6 (11.3) 16 (30.2) 18 (34.0) 18 (34.0) 27 (50.9) 19 (35.8)
33–33.9 (n = 30) 25 (83.3) 21 (70.0) 1 (3.3) 9 (30.0) 7 (23.3) 7 (24.1) 20 (66.7) 8 (26.7)
34–34.9 (n = 26) 20 (76.9) 15 (57.7) 4 (15.4) 12 (46.2) 11 (42.3) 9 (34.6) 20 (76.9) 9 (34.6)
35–39.9 (n = 45) 41 (91.1) 35 (77.8) 6 (13.3)  18 (40.0) 20 (44.4) 23 (51.1) 28 (62.2) 14 (31.1)
40 + (n = 23) 18 (78.3) 16 (69.6) 2 (8.7) 6 (26.1) 10 (43.5) 9 (39.1) 13 (56.5) 5 (21.7)
Chi-square for 258.463 214.417 29.501 108.913 20.652 18.599 40.502 9.625
 trend (P) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

BMI: body mass index, LDL: low-density lipoprotein, HDL: high-density lipoprotein, WHR: waist hip ratio, Hypertension – known hypertension or 
blood pressure ≥ 140/≥ 90 mmHg; Metabolic syndrome – NCEP ATP III guidelines 30, Diabetes – known diabetes or fasting glucose ≥ 126 mg/dL.

National studies in India have reported a significant increase 
in overweight and obesity in the country. The serial National 
Family Health Surveys (NFHS) reported a significant increase 
in overweight in successive NFHS-2 (1998–99)–NFHS-3 

(2005–2006).19 The mean prevalence of overweight (BMI 
≥ 25 kg/m2) increased from 10.6% to 12.6% (P < 0.001). However, 
there has been a significant increase in overweight/obesity 
in urban subjects in the last 20 years. The JHW studies in 
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Figure 1 Scatter-plots of body mass index with systolic and diastolic blood pressure, fasting glucose, cholesterol lipoprotein lipids and triglyc-
erides among 1893 subjects (men 949, women 944) aged 20–59 years in north India during study years 1999–2004. BMI: body mass index, 
HDL-c: high-density lipoprotein cholesterol, LDL-c: low-density lipoprotein cholesterol.

middle-class urban locations reported that prevalence of age 
adjusted overweight/obesity increased from 20.4% in the first 
study (1992–1994) to 46.8% in the fifth study (2008–2010) 
(Mantel Haenszel χ2 for trend P < 0.001).33 The mean BMI also 
increased significantly (age- and sex-adjusted quadratic re-
gression b = 0.99 ± 0.10 per study, P < 0.001). Global Burden 
of Metabolic Risk Factors Study reported increasing trend in 
mean BMI all over the world.34 From 1980–2008, the mean BMI 

increased by 0.4 kg/m2 per decade in men and by 0.5 kg/m2 in 
women. Increasing mean BMI was also reported for India and 
many low income countries of Asia, Africa, and Oceania.35

Relationship of increasing BMI with cardiovascular mortal-
ity in different regions of the world shows discordant trends. 
While a J-shaped relationship has been reported among 
Caucasians,1 the relationship is U-shaped in Chinese and 
East Asians,9,10 and an almost flat relationship among Asian 
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Indians.7,8 A recent study that evaluated association between 
BMI and risk of death in more than a million Asians reported 
that BMI > 35 kg/m2 as well as < 15 kg/m2 was associated with 
greater all-cause as well as cardiovascular mortality.35 The 
trends were different in East Asians where a J-shaped curved 
was observed while among the Indians and Bangladeshis the 
trends in cardiovascular mortality were not clear. This study 
suggests that there could be ethnic differences in association 
of BMI with cardiovascular risk but not many studies have 
evaluated ethnic or racial differences in relationship of obes-
ity with burden of cardiovascular risks.

In the Framingham Offspring Study,17 the BMI was signifi-
cantly and linearly associated with SBP, fasting glucose lev-
els, plasma TC, very LDL-c, and LDL-c, and was inversely 
and linearly associated with HDL-c (P < 0.001) in non-smok-
ing men and women. US National Health Surveys—National 
Health Examination Survey (1960–1962), National Health 
and Nutrition Examination Survey (NHANES)-I (1971–1975), 
NHANES-II (1976–1980), NHANES-III (1988–1994); and 
NHANES-IV (1999–2000)36 also reported a linear relation-
ship of multiple cardiovascular risk factors with BMI. Cross-
sectional observational data was analysed among African 
Americans in Jackson Heart Study (JHS) and Caucasians in 
Framingham Heart Study (FHS) in 4030 (mean age 54 years, 
64% women) and 5245 (mean age 51 years, 54% women) par-
ticipants, respectively.37 Prevalence of all risk factors except 
high TG and low HDL was substantially higher in JHS (P < 0.001) 
and BMI was associated with increasing prevalence of most 
cardiovascular disease (CVD) risk factors within each race. For 

diabetes mellitus, HTN, and low HDL, steeper relationships to 
BMI were observed in FHS than in JHS (P values < 0.001–0.016). 
There were larger proportional increases in risk factor preva-
lence with increasing BMI in Caucasians than in African 
Americans. The authors concluded that the higher preva-
lence rates of cardio metabolic risk factors at nearly all levels 
of BMI in African Americans, suggest that additional factors 
contribute to the burden of CVD risk in African Americans. 
Direct comparison of these studies with our observations is not 
appropriate, but increasing OR of multiple risk factors with 
increasing BMI in our study and its linear relationship suggest-
ing additional or more varied factors adding to the burden of 
CVD risk in an Indian population cannot be ignored.

This study has several limitations and multiple strengths. 
The study is confined to urban populations in north India and 
may not be representative of the general population. How-
ever, since diabetes and cardiovascular epidemic in India is 
essentially an urban phenomenon these data are important.38 
Moreover, the extremes of BMI distribution to evaluate the 
risk factor associations is available only in urban locations 
and therefore this is proper sampling. A small sample size in 
comparison to large prospective epidemiological studies in 
USA, Europe, and Asia is a limitation. However, this is not a 
prospective study but an analytical study to evaluate signifi-
cance of risk factor associations of BMI with continuous vari-
ables such as BP, glucose and lipids. For such analyses, the 
present sample size is considered adequate.39 Thirdly, we 
have not evaluated association of cardiovascular risk factors 
with other measures of obesity such as WC and WHR which 
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are considered by some as more important determinants of 
cardiovascular risk.40 In the present study there is a significant 
correlation of BMI with these measures. Since, the measure-
ment error in evaluating hip and waist size is large41 we used 
BMI which is less prone to error. Methodologies of measure-
ment and importance of WC is also variable in different stud-
ies and populations.42,43 Strengths of the study include large 
sample size, representative population and in-depth assess-
ment of multiple risk factors.

In conclusion, there is a major burden of premature CVD 
in the underdeveloped world.44 It is important to optimise 
the risk stratification among populations to guide appro-
priate intervention. Although, observational cohort studies 
play a crucial role in defining the important risk factors and 
guide evidence base for interventions, observational studies 
as the present one provides knowledge regarding broad 
risk factors, such as high BMI and obesity, that could be tar-
geted for early intervention so that the anticipated epidemic 
of CVD could be mitigated or even thwarted.45 Our study in 
this Asian Indian population reveals cluster of multiple risk 
factors with increasing BMI irrespective of any arbitrary cut-
off levels. This study highlights the fact that cardiovascular 
risks increase within the so-called range of normal BMI and 
there is a linear increase in multiple risk factors, such as 
HTN, diabetes, and metabolic syndrome, with each unit in-
crease in BMI of > 19 kg/m2. It has been previously noted that 
multiple cardiovascular risk factors such as smoking, SBP, 
dyslipidaemia, and hyperglycaemia also have a linear rela-
tionship with cardiovascular risk.46 The present study shows 
that BMI also has a similar relationship. Large prospective 
studies in Europe, north America, and East Asia have reported 
a continuous relationship of cardiovascular outcomes with 
increasing BMI.1,35 Whether Asian Indians also have a similar 
relationship for cardiovascular outcomes is a matter of future 
studies. However, considering the relationship of BMI with 
HTN, dyslipidaemia and dysglycaemia, in the present study 
there is a need of healthcare policy makers and providers 
to initiate individual- and population-level mea sures to con-
trol body weight in Asian Indian populations and to prevent 
a rise in BMI among the non-obese populations of this 
region.
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