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1. Introduction

An increase in the prevalence of obesity and life style diseases due to improved economic 
status is quite evident in the recent years; obesity is an emerging health problem in developing 
countries like India. Hence we conducted cross sectional study to determine prevalence and 
age, gender and degree of overweight specific trends and associated cardiovascular risk factors 
among the urban adult in south India. Methods: simple random sampling cross sectional study 
to determine the prevalence of various cardiovascular risk factors was performed in south 
India in 2008 to 2010. We assessed major risk factors such as obesity, truncal obesity, 
hypertension, dysglycemia and dyslipidemia, fasting insulin level and insulin resistance  using 
pre-specified definitions in 490 subjects (male 228, female 262) aged 20-59 years of age. Age 
specific analyses were performed and significance of trends determined chi-square test, in 
different degree of overweight and their mean was compared by using one-way ANOVA 
followed by post-hoc Bonferroni test.The prevalence of overweight (BMI: 25-29.9 kg/m2) was 
present in 33.26% (males 34.2%, females 32.44%), Obesity (BMI 30-35 kg/m2) was present in 
26.5% (males 24.5%, females 28.24%), high WC in 33.4% (males 39.9%, females 59.15%), 
high WHR in 32.0% (males 51.75%, females 43.4%) and hypertension in 25.7% (males 
32.01%, females 19.46%) subjects. impaired fasting glucose (100–125 mg/dl) was present in 
13.89% (17.11% males,10.68% females).Among the dyslipidemias, hypercholesterolemia 
was present in 31.67% ( 29.38% males ,33.96% females), high LDL cholesterol (> 130 mg/dl) 
in 32.93% (31.14% males, 34.73% females), hypertriglyceridemia(> 150 mg/dl)  in 23.65% 
(26.7% males, 20.61% females) and low HDL cholesterol (male <40 mg/dl and females <50 
mg/dl) in 41.95% (40.78% males, 43.12% females) subjects. The metabolic syndrome (MS) 
was 13.45 %( 16.22%males, 10.68%females). 

Cardiovascular diseases are steadily emerging as the major 

cause for morbidity in worldwide and the implications are even 

more significant in India. Experts have predicted 3.75 million 

deaths due to cardiovascular diseases in 2010 across the country. 

Out of this a whopping 2 million deaths will be due to heart attacks 

or coronary artery diseases. New research published in The Lancet 

finds that India will bear 60% of the world's heart disease burden 
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 in the next two years. In addition, researchers have 

determined that compared to people in other developed 

countries, the average age of patients with heart disease is 

lower among Indian people and Indians are more likely to 

have types of heart disease. In the United States, the 

increasing prevalence of individuals who are overweight or 

obese constitutes a major public health challenge. Obesity is a 

term applied to excess body weight with an abnormally high 

proportion of body fat [1].  In the most recent guidelines from 

the National Institutes of Health, [1] overweight and obesity 

are defined on the basis of body mass index (BMI) body 

weight in kilograms divided by height in square meters and  

this measurement correlates strongly with total body fat 



content in adults. Accordingly, overweight is defined as a BMI of 25 

to 29.9 and obesity as a BMI of >30 [1].  Unfortunately; BMI fails to 

consider body fat distribution. There is accumulating evidence 

that excess periomental or visceral fat (often referred to as 

abdominal or central obesity) is especially predictive of the 

metabolic syndrome and increased risk of CVD [2].

Central obesity is linked with hyperinsulinaemia, insulin 

resistance, diabetic dyslipidemia, hypertension, and 

proinflammatory and prothrombotic clinical states. Because of 

the relation between abdominal obesity and CVD, it is useful to 

determine the waist circumference or waist-to-hip ratio in 

addition to BMI [1,2].  For individuals with a BMI of 25.0 to 34.9, a 

waist circumference > 40 in for men or > 35 in for women is 

associated with an increased risk of obesity-related CVD [3].  A 

waist-to-hip ratio >0.90 in men and > 0.85 in women is indicative 

of central abdominal obesity [4]. Furthermore, a waist-to- hip 

ratio of > 0.92 is associated with a nearly 3fold increased risk of 

coronary heart disease [5]. 

Today, overweight and obesity are two of the most serious 

public health concerns facing the world. Obesity is a major 

independent risk factor for the development of hypertension, type 

II DM and dyslipidemia. The objective of this study was to estimate 

the prevalence of overweight and obesity and it's associated 

various cardiovascular risk factors.
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To determine prevalence of various cardiovascular risk 

factors in adults, we performed simple random sample; cross 

sectional study in vinayakamission medical college and hospital 

Salem, south India. The study was approved by institutional ethics 

committees. This cross sectional study is conducted between 

2008 and 2010 in vinayakamission medical college and hospital, 

Salem. The participants were recruited from the outpatient clinics 

who are attending for general health checkup and also student and 

faculty as volunteers. In the present study a total of 490 subjects; 

male (228) and females (262) of aged 20 – 59 years were included. 

Subjects in different age groups were: 20–39 years 223 (110 males 

and 113 females) and 40–59 years 267 (118 males and 149 

females).informed consent was obtained from all subjects. History 

of previously diagnosed hypertension, diabetes, any known 

cardiovascular disease or other disease and smoking status or 

tobacco use was obtained and these subjects were not included in 

this study.

Height, weight, waist and hip circumferences measurements 

were recorded using previously reported methodology by a 

singlet trained observer [6]. Blood pressure (BP) was recorded 

using a standard mercury sphygmomanometer with the subject 

seated and rested for five minutes. At least two readings at 5 

minute interval were recorded and in case of an abnormal reading, 

another reading was obtained after 30 minutes. The data of 

anthropometric parameters height, weight, waist size, and hip size 

and blood pressure measurements were available for all subjects. 

Height and weight were measured with calibrated instrument. 

Waist was measured using a non-stretch tape. [6]. Fasting blood 

sample was obtained after an overnight fast for estimations of 

glucose, total cholesterol, high density lipoprotein (HDL) 

cholesterol, low density lipoprotein (LDL) cholesterol and

Cardiovascular risk factors studied were: obesity, height 

waist circumference (WC), hypertension, glucose intolerance, 

dyslipidemia (high LDL cholesterol, hypertriglyceridemia, low 

HDL cholesterol  high total-HDL cholesterol ratio) and high insulin 

resistant levels. Overweight or obesity was defined as body mass 

index (BMI) > 25 kg/m2. Among the measures of abdominal 

obesity, high WC was defined as >90 cm in males and >80 cm in 

females and high waist: hip ratio (WHR) was defined as >0.9 in 

males and >0.8 in females.Hypertension was defined as a 

persistent elevation of blood pressure > 140/>90 mm Hg or use of 

any antihypertensive medication. Impaired fasting glucose (IFG) 

was defined as fasting blood glucose value of >100 mg/dl and 

<125 mg/dl. Dyslipidemias were defined according to the USA 

National Cholesterol Education Program (NCEP) criteria (high 

LDL cholesterol as >130 mg%, hypertriglyceridemia as > 150 

mg/dl and low HDL cholesterol as <40 mg/dl in males and <50 

mg/dl in females) [7].  High total cholesterol: HDL ratio was 

defined as >4.5. High insulin resistance was defined as > 4.0. 

Metabolic syndrome was defined according to the NCEP definition 

with modified WC cut off values (males > 90 cm, females > 80 cm) 

[8].

 triglycerides using commercial enzymatic end point assay kit. All 

biochemical analysis was done in Randox Daytona biochemistry 

analyzer. Insulin was measured by chemiluminescence method, 

insulin resistant was calculated by (HOMA-IR) using the formula:  

glucose (mg/dl) x insulin level in (µU/lit) / 405

For the purpose of analysis the data were combined into one. 

Approximate normality was assessed for anthropometric and 

biochemical parameters. SPSS 16 and prism5 statistical software 

was used for data analyses. Quantitative characteristics were 

summarized by arithmetic mean and standard deviation. The 

differences in the anthropometric and biochemical parameters 

were compared using t-test. Three Groups based on BMI - mean 

values of various anthropometric and biochemical characteristics 

were compared using one way ANOVA followed by post-hoc 

Bonferroni test. Anthropometric and biochemical characteristics 

were further categorized according to the cut off values as 

mentioned in the definition section. Categorical variables were 

summarized by percentages.  ‘t’ test was performed for trend for 

ordinal variables using the SPSS and are reported with p values. To 

determine the age associated escalation of risk factors odds ratios 

were calculated using logistic regression analysis. 

Data of 490 subjects (males 228, females 262) were evaluated 

in the present study. Subjects in different age groups were: 20–39 

years 223 (45.5 %, 110 males and 113 females) and 40–59 years 

267 (54.48%, 118 males and 149 females). Various 

anthropometric and biochemical characteristics of the study 

population are presented in (Table 1). The mean WC, mean Waist 

to hip ratio, systolic BP,  diastolic BP , total  cholestrol and  

significantly differ male to female (p< 0.05).whereas there is no 

significant difference in the mean BMI, fasting blood glucose,  LDL 

cholestrol, triglycerides, total cholestrol: HDL cholestrol ratio, 

insulin and insulin resistant levels(p> 0.05).

2. Materials and Methods 

2.1. Definitions

2.2. Statistical analysis
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3. Results
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Table 1: various baseline clinical, anthropometric and biochemical characters

Variables Males (n=228 Females (n=262) Significance P - value

2Body mass index (kg/m )

Waist circumference (cm)

Waist: hip ratio

Systolic BP(mm Hg)

Diastolic BP(mm Hg)

Fasting blood glucose(mg/dl)

Total cholesterol (mg/dl)

LDL cholesterol(mg/dl)

Triglycerides (mg/dl)

HDL cholesterol (mg/dl)

T.chol : HDL cholesterol ratio

Insulin (µU/lit)

Insulin resistant (IR)

Values are expressed as Mean ± SD and significance are given as p value  
NS = not significant (p > 0.05); S = significant at p < 0.05

26.42 ± 3.79

87.70 ± 13.50

0.896 ± 0.09

122.54 ± 15.27

86.66 ± 9.23

86.72 ± 13.00

155.07  ± 28.71

119.68  ± 28.39

125.68 ± 35.22

36.08 ± 9.09

4.12 ± 1.68

16.00 ± 5.62

2.78 ± 1.10

25.84  ± 4.59 

84.00  ± 18.51 

0.817  ± 0.10 

115.48  ± 14.44 

84.33  ± 9.81 

84.28  ± 12.73 

161.21 ± 31.35

124.11 ± 29.29

102.86  ± 34.34 

39.88 ± 7.99 

3.98 ± 1.26 

16.05 ± 6.01 

2.82 ± 1.12 

NS

S

S

S

S

NS

S

NS

NS

S

NS

NS

NS

Prevalence of various cardiovascular risk factors at gender wise 

are presented in( table 2 ) The prevalence of overweight (BMI: 25-

29.9 kg/m2) was present in 33.26% (males 34.2%, females 

32.44%), Obesity (BMI 30-35 kg/m2) was present in 26.5% (males 

24.5%, females 28.24%), high WC in 33.4% (males 39.9%, females 

59.15%), high WHR in 32.0% (males 51.75%, females 43.4%) and 

hypertension in 25.7% (males 32.01%, females 19.46%) subjects. 

impaired fasting glucose (100–125 mg/dl) was present in 13.89% 

(17.11% males,10.68% females).Among the dyslipidemias, 

hypercholesterolemia was present in 31.67% ( 29.38% males 

,33.96% females), high LDL cholesterol (> 130 mg/dl) in 32.93% 

(31.14% males, 34.73% females), hypertriglyceridemia(>150 

mg/dl)  in 23.65% (26.7% males, 20.61% females) and low HDL 

cholesterol (male <40 mg/dl and females <50 mg/dl) in 41.95% 

(40.78% males, 43.12% females) subjects (Table 2). Total: HDL 

cholestrol ratio > 4.5 in 37.83% (35.96% males, 39.69% females), 

insulin resistance HOMA-IR > 4.0 in 27.18 %( 30.7%males, 23.66% 

females) and metabolic syndrome (MS) in 13.45 %( 16.22%males, 

10.68%females) and chi-square test was used to assess the ordinal 

difference between male and female. 

age-specific  mean values of various clinical, anthropometric 

and biochemical characteristics are shown in (Table 3)  there is 

increase in mean BMI, WC, WHR ,systolic and diastolic BP as these 

men move from age-groups of 20–39  to  40–59 years. Similar 

increasing trends are observed in mean levels of insulin resistant, 

total cholestrol, LDL cholesterol and triglycerides (p< 0.001) and 

declining trends in HDL cholesterol levels but there is no 

significance in mean fasting blood glucose observed as these men 

move from age-groups of 20–39 to 40–59 years. Student t-test was 

used to find out the mean difference between these age groups and 

the significance p value is given in the (table 3).

Age-related trends in the prevalence of various 

cardiovascular risk factors are presented in(Table: 4). in both men 

and women the prevalence of overweight is high in age group of 20 

– 39 years (men 38.18%, women 34.51%) and low in the age group 

of 40–59 years (men 30.50%, women 30.87%) But the prevalence 

of obesity was not as similar as in the prevalence of overweight. 

The prevalence of obesity is high in age group of 40 –59 years in 

both men and women (men 26.27%, women 32.21%) and low in 

the age group of 20–39 years (men 22.72%, women 23.0%). for 

similar changes are observed in the prevalence of high WC and 

high WHR A significantly increasing trend in the prevalence of 

hypertension impaired fasting glucose, insulin resistance, high 

LDL cholesterol, hypertriglyceridemia, high total: HDL cholesterol 

ratio and low HDL cholesterol was observed in the age group of 40-

59 years than the age group of 20-39 years and the prevalence of 

metabolic syndrome is high in age group of 40 –59 years in both 

men and women (men 22.03%, women 11.40%) and low in the 

age group of 20–39 years (men 10.0%, women 9.73%) ,chi-square 

test was used to assess the ordinal difference between  two age 

groups and the significance is given as odds ratio and 95% CI .
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Table 2: Prevalence of various cardiovascular risk factors in both genders 

Table 3: various baseline clinical, anthropometric and biochemical characters In different age groups

Non obese (BMI: 18.5-24.9)

Overweight  (BMI: 25-29.9)

Obese (BMI: 30-35)

     WC(cm) > 90 cm

Waist:hipratio > 0.90/0.80

Impaired fasting glucose (IGF)
(> 100mg/dl and < 125 mg/dl)

High total cholestrol (> 200 mg/dl)

High LDL (> 130 mg/dl)

Low HDL cholesterol (male 
<40 mg/dl and females <50 mg/dl)

Total : HDL cholestrol  >  4.5

Insulin resistance  IR    > 4.0

Metabolic syndrome

Hypertension (>140/90)

Values are expressed as number of subjects with percent in parentheses. Significance is expressed as odds Ratio and 95% CI

94 (41.2)

78 (34.2)

56 (24.5)

91 (39.9)

118 (51.75)

39 (17.1)

67(29.38)

71 (31.14)

93 (40.78)

82 (35.96)

70 (30.7)

37 (16.22)

73 (32.01)

103 (39.3)

85 (32.44)

74 (28.24)

155(59.16)

116(44.27)

28(10.68)

89(33.96)

84(32.06)

113(43.12)

104 (39.69)

62 (23.66)

28(10.68)

51(19.46)

1.03(0.71 to 1.48)

1.1 (0.74 to 1.6)

0.82(0.55 to 1.23)

0.43(0.30 to 0.62)

1.35(0.94 to 1.93)

1.72 (1.02 to 2.91)

0.80(0.55 to 1.18)

0.95(0.65 to 1.40)

0.908(0.63 to 1.30)

0.853(0.59 to 1.23)

1.42(0.95 to 2.13)

1.61(0.95 to 2.74)

1.94(1.28 to 2.94)

Variables Males (n=228) N% Females (n=262) N (%) Odds ratio
(95%confidance interval)

Values are expressed as Mean ± SD and significance are given as p value  

Variables 20-39 years (n = 223) 40-59 years  (n = 267) (p-value)

BMI 

WC

Waist hip ratio

Systolic BP

Diastolic BP

Fasting glucose

Total cholestrol

LDL cholesterol

HDL cholesterol

Total : HDL

Insulin level

25.04 ± 3.96

82.31 ± 15.22

0.829 ± 0.10

116.57 ± 15.00

83.95 ± 9.85

84.73 ± 11.64

152.43 ± 27.38

118.11 ± 27.58

39.95 ± 8.94

4.06 ± 1.38

14.07 ± 4.15

26.99 ± 4.30

88.36 ± 17.18

0.874 ± 0.10

120.25 ± 15.14

86.58 ± 9.18

85.85 ± 13.75

162.59± 31.52

124.75 ± 29.45

37.06 ± 8.23

4.68 ± 1.73

17.64 ± 6.51

0.001

0.001

0.001

0.007

0.002

0.337

0.001

0.01

0.001

0.001

0.001
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Table 4: prevalence of various cardiovascular risk factors in different age-groups 

Table 5: prevalence of various cardiovascular risk factors different age-groups in both genders 

Variables 20-39 years (n = 223) 40-59years(n = 267) Odds ratio 
(95% confidence interval

BMI (non- obese)18-24.9 Kg/m2

25.0-29.9 Kg/m2 (overweight)

30.0-34.9 Kg/m2 (obese

WC>90cm/80 cm

Waist hip ratio>0.9/0.8

Hypertension>140/90 mmHg

Impaired fasting glucose (100-125 mg/dl)

LDL cholesterol> 130 mg/dl

Triglycerides> 150 mg/dl

HDL cholesterol<40 /< 50 mg/dl

Insulin resistance IR  >4.0

Metabolic syndrome

Hypertension (>140/90)

Values are expressed as number of subjects with percent in parentheses. Significance is expressed as odds Ratio and 95% CI

91(40.81)

81(36.32)

51(22.87)

105(47.09)

97(43.50)

40(17.94)

18(8.07)

57(25.56)

31(13.90)

81(36.32)

34(15.25)

19(8.52)

73 (32.01)

106(39.70)

82(30.71)

79(29.59)

136(50.94)

137(51.31)

84(31.46)

44(16.48)

105(39.33)

84(31.46)

125(46.82)

98(36.7)

48(17.97)

51(19.46)

1.04(0.72 to 1.50)

1.28 (0.88 to 1.87)

0.70 (0.46 to 1.06)

0.857(0.60 to 1.22)

0.730(0.51 to 1.04)

0.47 (0.31 to 0.73)

0.44 (0.24 to 0.79)

0.52 (0.35 to o.78)

0.35(0.22 to 0.55)

0.64 (0.45 to 0.93)

0.31(0.19 to 0.48)

0.42(0.24 to 0.74)

1.94(1.28 to 2.94)

Variables Males

20-39 years
(n=110)

40-59 years
(n=118)

X 2 TEST
(p-value)

20-39 years
(n=113)

40-59 years
(n=149)

X 2 TEST
(p-value)

Females

2BMI (non- obese)18-24.9 Kg/m

2 25.0-29.9 Kg/m (overweight)

2 30.0-34.9 Kg/m  (obese

WC>90cm/80 cm

Waist hip ratio>0.9/0.8

Hypertension>140/90 mmHg

Impaired fasting glucose (100-125 mg/dl)

LDL cholesterol> 130 mg/dl

Triglycerides> 150 mg/dl

HDL cholesterol<40 /< 50 mg/dl

Total : HDL> 4.5 

Insulin resistance> 4.0

Metabolic syndrome

Values are expressed as number of subjects with percent in parentheses 

43(39.09)

42(38.18)

25(22.72)

42(38.18)

54(49.09)

24(21.81)

12(10.90)

26(23.63)

18(16.36)

39(35.45)

24(21.82)

23(20.90)

11(10.0)

51(43.22)

36(30.50)

31(26.27)

44(37.28)

64(54.23)

49(41.52)

27(22.88)

58(49.15)

43(36.44)

54(45.76)

58(49.15)

47(39.83)

26(22.03)

0.590

0.264

0.542

0.892

0.507

0.001

0.02

<0.0001

0.0009

0.138

<0.0001

0.002

0.018

48(42.47)

39(34.51)

26(23.0)

63(55.75)

43(38.05)

16(14.15)

11(9.73)

31(27.43)

13(11.50)

42(37.16)

31(27.43)

11(9.73)

11(9.73)

55(36.91)

46(30.87)

48(32.21)

92(61.74)

73(48.99)

35(23.48)

17(11.40)

47(31.54)

41(27.51)

71(47.65)

73(48.99)

51(34.22)

17(11.40

0.374

0.594

0.127

0.374

0.08

0.05

0.69

0.49

0.001

0.102

0.0005

<0.0001

0.692
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Table: 6 various baseline clinical, anthropometric and biochemical characters  In overweight, obese and non-obese (based on BMI) 

Table 7: prevalence of various cardiovascular risk factors in overweight, obese and non-obese adults

Variables

Variables

non- obese N = 197

non- obese N = 197

Overweight  N = 163 

Overweight N = 163 

Obese  N = 130

Obese  N = 130

p-value

2X  for trend (p-value)

WC (cm)*

WC>90cm/80 cm

Waist hip ratio>0.9/0.8

Hypertension>140/90 mmHg

Impaired fasting glucose (100-125 mg/dl)

LDL cholesterol> 130 mg/dl

Triglycerides>150 mg/dl

HDL cholesterol<40 /< 50 mg/dl

Total : HDL> 4.5 

Insulin resistance> 4.0

Metabolic syndrome

Waist hip ratio *

Systolic BP **mmHg

Diastolic BP *mmHg

 fasting glucose **mg/dl

Insulin level *µU/lit

Insulin resistance * HOMA-IR

Total cholestrol *Mg/dl

LDL cholesterol * mg/dl

Triglycerides * mg/dl

HDL cholesterol * mg/dl

Total : HDL *

Values are expressed as Mean ± SD and significance are given as p value. Statistical significance by analysis of variance.
* p < 0.001 for pairwise comparisons of BMI groups normal weight  versus overweight, normal weight versus obese, and overweight  versus obese
 ;  p  > 0.05 for pairwise Comparisons of BMI groups , normal weight versus obese, and overweight  versus obese

Values are expressed as number of subjects with percent in parentheses :significance denoted as chi-square difference and p-value

71.09 ± 10.67

7 (3.55)

-

3 (1.52)

2 (1.02)

7 (3.55)

6 (3.05)

15 (7.6)

7 (3.55)

-

1(0.50)

0.768 ± 0.08

113 ± 15.60

79.09 ± 5.85

82.02 ± 8.91

11.36 ± 1.70

1.95 ± 0.26

144.28 ± 25.67

106.96 ± 23.73

103.63 ± 22.89

42.68 ± 8.29

3.53 ± 1.07 

88.12 ± 9.76

105 (64.42)

116 (71.17)

45 (27.61)

24 (14.72)

58 (35.58)

34 (20.86)

78 (47.85)

69 (42.33)

45 (27.61)

23 (14.11)

0.892 ± 0.09

117 ± 12.82

85.31 ± 7.08

83.19 ± 12.89

15.16 ± 2.85

2.54 ± 0.48

159.68 ± 24.91

125.22 ± 25.30

128.81 ± 27.94

37.15 ± 7.36

4.49 ± 1.23

104.43 ± 7.86

129 (99.23)

118 (90.77)

76 (58.46)

41 (31.54)

97 (74.62)

75 (57.69)

111 (85.38)

110 (84.61)

87 (66.92)

41 (31.54)

0.934 ± 0.05

128.49 ± 12.40

95.08 ± 8.86

93.24 ± 14.50

24.14 ± 3.78

4.42 ± 0.69

176.58 ± 32.03

139.67 ± 28.45

149.60 ± 38.54

33.38 ± 7.61

5.60 ± 1.90

<0.001

302.3 (<0.0001)

283.7(<0.0001)

134.7(<0.0001)

61.83(<0.0001)

178.8(<0.0001)

125.7(<0.0001)

194(<0.0001)

220(<0.0001)

176.4(<0.0001)

65(<0.0001)

> 0.05

> 0.05

<0.001

> 0.05

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

The Prevalence of various cardiovascular risk factors at different 

age-groups in male and female is shown in (Table :5) chi-square test 

was used to find  the significance in the ordinal difference in the age 

group of 20 – 39 and 40 – 59 years in male and female. Hypertension, 

High triglycerides, High total: HDL cholestrol ratio and High insulin 

resistant was shown significant (p < 0.05, )difference between the 

age group of 20 – 39 and 40 – 59 years in male and female. The mean 

values of various baseline anthropometric and biochemical 

characteristics of three different degree of overweight; normal 

weight, overweight and obese, (table: 6) Statistical significance by 
analysis of variance.* p < 0.001 for pairwise comparisons of BMI 

groups normal weight versus overweight, normal weight versus 

obese, and overweight versus obese;   **p > 0.05 for pairwise 

Comparisons of BMI groups, normal weight versus obese, and 

overweight versus obese. The prevalence of various cardiovascular 

risk factors in the three different groups based on BMI (normal 

weight, overweight and obese) is given (Table: 7& figure 1). 

significantly increasing trend in all the risk factors with increase 

BMI is observed (p< 0.0001) .(Table 8& 9) The prevalence of various 

cardiovascular risk factors in male and female is given. Significantly 

increasing trend in all the risk factors with increase BMI is observed 

(p< 0.0001)
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Table: 8 Prevalence of various cardiovascular risk factors in overweight, obese and non-obese adult male

Table: 9 Prevalence of various cardiovascular risk factors in overweight, obese and non-obese adult female

Risk factors

Risk factors

Normal weight N = 94

Normal weight N = 103

Overweight N = 78

Overweight N = 85

Obese  N = 56

Obese  N = 74

2X  for trend (p-value)

2X  for trend (p-value)

WC>90cm/80 cm

WC>90cm/80 cm

Waist hip ratio>0.9/0.8

Waist hip ratio>0.9/0.8

Hypertension>140/90 mmHg

Hypertension>140/90 mmHg

Impaired fasting glucose (100-125 mg/dl)

Impaired fasting glucose(100-125 mg/dl)

LDL cholesterol> 130 mg/dl

LDL cholesterol> 130 mg/dl

Triglycerides> 150 mg/dl

Triglycerides> 150 mg/dl

HDL cholesterol<40 /< 50 mg/dl

Total : HDL> 4.5 

HDL cholesterol<40 /< 50 mg/dl

Insulin resistanceIR > 4.0

Insulin resistanceIR > 4.0

Metabolic syndrome

Metabolic syndrome

Values are expressed as number of subjects with percent in parentheses :significance denoted as chi-square difference and p-value

Values are expressed as number of subjects with percent in parentheses :significance denoted as chi-square difference and p-value

5(5.31)

7(6.79)

-

-

3(3.19)

-

2 (1.02)

-

3(3.19)

4(3.88)

4(4.25)

2(1.94)

6(6.38)

5(4.85)

9(8.73)

-

-

1(1.06)

-

43(55.12)

62(72.94)

49(62.82)

67(78.82)

27(34.61)

18(21.17)

24 (14.72)

9(10.58)

24(30.76)

34(40.0)

23(29.48)

11(12.94)

47(60.25)

36(42.35)

32(37.64)

24(30.76)

20(23.52)

14(17.94)

9(10.58)

55(98.21)

74(100)

50(89.28)

68(91.89)

40(71.42)

36(48.64)

41 (31.54)

18(24.32)

44(78.57)

53(71.62)

46(82.14)

29(39.18)

48(85.71)

63(85.13)

63(85.13)

46(82.14)

42(56.75)

23(41.04)

18(24.32)

126.8(0.0001)

159.2(P<0.0001)

125.3(0.0001)

1585(P<0.0001)

77.49(0.0001)

61.96(P<0.0001)

61.83(<0.0001)

27.42(P<0.0001)

90.61(0.0001)

88.57(P<0.0001)

93.83(0.0001)

42.82(P<0.0001)

97.64(0.0001)

116.1(P<0.0001)

103.2(P<0.0001)

108.8(0.0001)

76.05(P<0.0001)

40.23(0.0001)

27.42(P<0.0001)

Figure: 1.prevalence of various cardiovascular risk factors in overweight, obese and non-obese adults
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Observational studies have shown that overweight, obesity, 

and excess abdominal fat are directly related to cardiovascular risk 

factors, including high levels of total cholesterol, LDL cholesterol, 

Triglycerides, blood pressure, and insulin [9] and low levels of HDL-

cholesterol [10]. Overweight, obesity, and abdominal fat are also 

associated with increased morbidity and mortality from CHD [10, 

11]. 

Morbidity for a number of health conditions increases as BMI 

increases. Higher morbidity in association with overweight and 

obesity has been observed for hypertension [12] type 2 diabetes 

[13] coronary heart diseases (CHD) [11]. The nature of obesity-

related health risks is similar in all populations, although the 

specific level of risk associated with a given level of overweight or 

obesity may vary with race/ethnicity, and also with age, gender, and 

societal conditions. For example, the absolute risk of morbidity in 

chronic conditions such as CHD is highest in the aged population, 

while the relative risk of having CHD in obese versus nonobese 

individuals is highest in the middle adult years [14].  Data from 

NHANES III showed that the age adjusted prevalence of high blood 

pressure increases progressively with higher levels of BMI in men 

and women [12].  High blood pressure is defined as mean systolic 

blood pressure >140 mm Hg, or mean diastolic blood pressure  >90 

mm Hg, The direct and independent association between blood 

pressure and BMI or weight has been shown in numerous cross-

sectional studies [15] including the large international study of salt 

(INTERSALT) carried out in more than 10,000 men and women [16].  

Positive associations have also been shown in prospective studies 

[17]. 

The relationship of the age-adjusted prevalence of high total 

cholesterol to BMI from NHANES III is shown [12].  At each BMI 

level, the prevalence of high blood cholesterol is greater in women 

than in men. In a smaller sample, higher body weight is associated 

with higher levels of total serum cholesterol in both men [18] and 

women [19] at levels of BMI > 25. Several large longitudinal studies 

also provide evidence that overweight, obesity and weight gain are 

associated with increased cholesterol levels [20] in women, the 

incidence of hypercholesterolemia also increases with increasing 

BMI [21]. In addition, the pattern of fat distribution appears to affect 

cholesterol levels independently of total weight. Total cholesterol 

levels are usually higher in persons with predominant abdominal 

obesity, defined as a waist-to-hip circumference ratio of >  0.8 for 

women and > 1.0 for men [22]. The strong association of triglyceride 

levels with BMI has been shown in both cross-sectional and 

longitudinal studies, for both sexes and all age groups [23]. In the 

adult age groups, namely 20 to 44 years and 45 to 59 years, higher 

levels of BMI, ranging from 21 to more than 30 have been associated 

with increasing triglyceride levels.

The age-adjusted prevalence of low high-density lipoprotein 

(HDL)-cholesterol in relation to BMI levels, based on NHANES III 

data showed [12].  HDL-cholesterol levels at all ages and weights 

are lower in men than in women. Although a low HDL-cholesterol is 

defined as < 35 mg/dL in men and < 45 mg/dL in women [12]. Cross-

sectional studies have reported that HDL-cholesterol levels are 

lower in men and women with higher BMI [24].  Longitudinal 

studies have found that changes in BMI are associated with changes 

4. Discussion:

in HDL-cholesterol. A BMI change of 1 unit is associated with an 

HDL-cholesterol change of 1.1 mg/dL for young adult men and an 

HDL cholesterol change of 0.69 mg/dL for young adult women 

[25].  Cross-sectional data suggest that LDL-cholesterol levels are 

higher by 10 to 20 mg/dL in relation to a 10 unit difference in BMI, 

from levels of 20 to 30 kg/m2 [18, 19]. According to extensive 

epidemiological data, a 10 mg/dL rise in LDL-cholesterol 

corresponds to approximately a 10 percent increase in CHD risk 

over a period of 5 to 10 years [26]. 

Present study shows a high prevalence of multiple 

cardiovascular risk factors (hypertension, lipid abnormalities and 

insulin resistant) among adults in south Indian urban population. 

The prevalence of multiple risk factors increases at age-group 

20–39 years with an exponential increase in age group 40–59 

years. Increasing risk factors correlate with body mass index, 

waist circumference and waist-hip ratio. Among the prevalence of 

various risk factor hypertensions, impaired glucose, insulin 

resistant and triglycerides were high in male than female and lipid 

abnormality prevalence was high in female compare to male. 

The prevalence of individuals who are overweight or obese is 

increasing rapidly in the developed world. The percentage of 

overweight or obese adults in the United States increased from 

45% in 1991 to 58% in 2001 [27].  In 2001, 20.9% of adults were 

obese, which represents a 74% increase since 1991 [27].  Notably, 

the metabolic syndrome, which is associated with obesity, has 

been found in nearly a quarter of the population of the United 

States [28]. These trends appear to be related to the typical 

Western diet [29] and decreased physical activity [30].  Although 

the prevalence of overweight and obesity has increased for both 

sexes and all age and racial/ethnic groups, certain disparities exist 

[31].  Obesity in childhood, which is dramatically increasing, is a 

strong predictor of obesity in adulthood [32].  Being overweight at 

20 to 22 years of age is associated with a substantial incidence of 

obesity by the age of 35 to 37 years [30]. 

In our study the Prevalence of various cardiovascular risk 

factors overweight was present in 33.26% (males 34.2%, females 

32.44%), Obesity was present in 26.5% (males 24.5%, females 

28.24%). In the present study the prevalence of various risk 

factors increases with increasing BMI. The present study also 

shows that development of obesity and central obesity is 

associated with simultaneous increase in many biological risk 

factors such as changes in blood pressure levels and glucose and 

lipid abnormalities. Similar findings have been reported from the 

Bogalusa Heart Study [33], NHANES [34], and CARDIA study [35]. 

The present study shows that the increase in risk factors in a south 

Indian urban population starts at about the age of20- 39 years and 

focus of prevention should be at subjects lower than this age. Our 

study on the other hand shows that the transition using similar 

obesity definitions occurs slightly later than the western 

populations. Reddy et al studied Industrial populations in 

different parts of India and reported risk factor trends from age 

groups 20–29 years to >60 years. In both men and women there 

was a steep increase in overweight and central obesity at age-

group 40–59 years associated with increase in hypertension and 

other risk factors.
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  High prevalence of cardiovascular risk factors namely 

hypertension, Dyslipidemias, impaired fasting glucose, insulin 

resistance and metabolic syndrome was observed among 

individuals with increased BMI. The comparative study revealed an 

increase in the level of CVD risk among obese subjects. Whereas rise 

in risk factors was noted in the age group of 20- 39 years, higher risk 

was seen among the age group of 40-59. Preventive intervention 

should be focused on the younger age group and better still, similar 

studies should be undertaken among the teenage population.  
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