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Background & objectives: Studies conducted to assess the prevalence of cardiovascular (CV) risk factors
among different regions of the country show variation in risk factors in different age groups and urban
and rural population. We undertook this study to determine the prevalence of cardiovascular risk factors
among urban adults in a north Indian city.

Methods: In a cross-sectional survey, 2227 subjects aged > 20 yr were studied from April 2008 to June
2009 in Urban Chandigarh, a north Indian city. Demographic history, anthropometry and blood pressure
were assessed. Fasting, and 2 h capillary plasma glucose after 75 g glucose load, HDL-C and triglycerides
were estimated.

Results: The most prevalent cardiovascular risk factors in the age group of 20-29 yr was sedentary lifestyle
(63%), while from fourth decade and onwards, it was overweight/obesity (59-85%). The second most
common prevalent cardiovascular risk factor in the age group of 20-29 yr was overweight/obesity, in 30-
49 yr sedentary lifestyle, in 50-69 yr hypertension and in subjects >70 yr, it was hypertriglyceridaemia.
The prevalence of overweight/obesity, hypertension, dysglycaemia and smoking was almost double in
subjects in the fourth decade of life, as compared to those in the third decade of life. The prevalence of
CYV risk factors significantly increased with age irrespective of gender and prevalence of low HDL-C was
significantly more common in women as compared to men.

Interpretation & conclusions: Sedentary lifestyle, obesity and low HDL-C are the most prevalent CV risk
factors in subjects in the third and fourth decade of life in this north Indian population and clustering of
these cardiovascular risk factors increases with advancing age. Strategies need to be formulated to target
this population to prevent the epidemic of cardiovascular disease.
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The prevalence of cardiovascular disease (CVD)
is rising worldwide and it accounts for 17 per cent of
the total mortality'. This escalation in the prevalence
of CVD has been attributed to the paradigm shift in
life style including the changes in dietary pattern
particularly more consumption of refined carbohydrates
and saturated fats, and physical inertia associated with
progressive economic growth and urbanization.

South Asians and Asian migrants are at unusually
high risk for developing coronary artery disease
(CAD)? and diabetes®. Coronary artery disease occurs
almost a decade earlier in South Asians as compared
to western counterparts®. Coronary artery disease and
diabetes are preceded by constellation of risk factors
which include abdominal obesity, hypertension,
dyslipidaemia, prediabetes and sedentary lifestyle® as
shown in various epidemiological and observational
studies®’. There is no dearth of data regarding the
prevalence of risk factors for CVD and metabolic
syndrome in various populations®''. However, various
studies show marked differences in the prevalence of
various CV risk factors, among different regions in
India®!®!!, Chandigarh, a north Indian city is unique
as it has a high literacy rate with an urban population
of 76 per cent, therefore, the prevalence data from
the rest of the country cannot be extrapolated to this
population. Moreover, there are limited number of
studies examining the distribution of various CV risk
factors among different age groups®!®!'. Hence, the
objective of this study was to assess the prevalence
of various cardiovascular risk factors in different age
groups and to find out any gender specific differences,
in urban Chandigarh.

Material & Methods

This was a cross-sectional population survey using
multi-stage cluster randomized sampling conducted
from April 2008 to June 2009 in Chandigarh, north
India, involving 2227 subjects. Chandigarh city is
divided into three zones by two main roads. Two sectors
from each of the three zones were selected by simple
random sampling. The first house was selected from
within each selected sector by simple random sampling.
Starting from that house, all the eligible people >20 yr
of age were screened from the consecutive houses till
a sample size of at least 375 was reached in that sector.
Subjects having any acute illness like fever and/or on
medications likely to increase plasma glucose such as
glucocorticoid, and pregnant females were excluded
from the study. The study protocol was approved

by Institutes Ethics Committee. The procedure was
explained to the participants at least a day prior to the
study and informed written consent was obtained from
each.

Detailed history regarding age, gender, education,
occupation, any chronic illness in the participants
or their family was recorded. History regarding
smoking, alcohol consumption and diet was also
recorded. Physical activity of the participants was
recorded in a proforma adapted from Global Physical
Activity - Questionnaire 2 (GPAQ-2) of World
Health Organization (WHO)'2, and classified as high,
moderate or low physical activity. Subjects having
low physical activity were labelled to have sedentary
lifestyle. The socio-economic status (SES) scale as
described by Kuppuswamy which takes into account
the education of the head of the family, occupation
of the head of the family, and monthly income of
the family was followed". Height, weight and waist
circumference (WC) were measured thrice and mean
was noted. Height was recorded on a stadiometer to
the nearest mm. Weight was measured by a digital
weighing machine to the nearest 100 g and was
calibrated using standard weight every day. Waist
circumference was measured with a non-stretchable
tape at the midpoint between lower border of rib cage
and upper border of iliac crest. High WC was defined
based on criteria modified for Asian Indians (WC >90
cm in men and >80 c¢cm in women'*, BMI > 23 kg/
m? was defined as overweight)!*. Blood pressure was
measured twice with mercury sphygmomanometer in
sitting position in the right arm after 5 min of rest,
to the nearest 2 mmHg and average of systolic and
diastolic blood pressure was recorded. Hypertension
was defined as blood pressure > 140/90 mmHg.
After an overnight fast of 8-14 h, capillary plasma
glucose estimation was done with a glucometer
using glucose-oxidase method (One Touch Ultra
2, Johnson and Johnson, Mumbai). The glucometer
had in-built calibration to convert whole blood
capillary glucose values to plasma glucose values.
The coefficient of variation for this glucometer was
3.2 per cent. To strengthen the validity of the study
external quality control was ensured by every 10"
sample sent to the reference laboratory in an oxalate
sodium fluoride vial, for glucose estimation using
Hitachi auto analyzer 902 (Tokyo, Japan) based on the
glucose oxidase-peroxidase method. The agreement
between capillary plasma glucose and laboratory
glucose values was calculated using Bland Altman
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methodology. The mean difference for fasting plasma
glucose was 5.2 mg/dl (0.29 mmol/1) (95% CI 3.7-
6.7) and for 2 h plasma glucose post-glucose load was
3.4mg/dl(0.19 mmol/1) (95% CI 2-4.8), with capillary
glucose being higher than laboratory glucose values.
Triglycerides and HDL-C was measured in venous
blood by in vitro enzymatic colorimeter method using
commercial kits (FAR Srl, Verona, Italy). The blood
samples were transferred from the place of collection
to the laboratory in insulated containers packed with
ice bags and were processed within 4-6 h. HbAlc
was estimated from venous blood on National
Glycohaemoglobin Standardization Program-certified
Bio-Rad D-10 system (Bio-Rad Laboratories,
Hercules, CA, USA) based on ion-exchange high
performance liquid chromatography. For the diagnoses
of diabetes and prediabetes, the1999 WHO criteria for
capillary plasma glucose!® were used. Diabetes was
defined as fasting plasma glucose (FPG) >126 mg/dl
(>7 mmol/l) or 2 hPG >220 mg/dl (>12.2 mmol/l),
or both. Prediabetes was diagnosed as the presence
of isolated impaired fasting glucose (IFG), defined
as FPG >110 mg/dl (6.1 mmol/l) and <126 mg/dl
(<7 mmol/l), and 2 hPG <160 mg/dl (< 8.8 mmol/l)
or isolated impaired glucose tolerance (IGT), defined
as 2 hPG>160 mg/dl (>8.8 mmol/l) and <220 mg/dl
(<12.2 mmol/l) and FPG<110 mg/dl (<6.1 mmol/l),
or both IFG and IGT (as defined above).

Statistical analysis: In the sampling design employed,
the probability of selecting a sector within each of
the three zones varied, and so did the probability of
selecting a study subject within each selected sector.
Consequently, the probability of selecting each study
subject from the total population was not uniform - i.e.
the design was not a ‘self-weighing’ one. The inverse of
the probability of selection was, therefore, employed as
a weight for that subject, and all subsequent statistical
estimations were undertaken using STATA 9.0 (Texas,
USA). Quantitative characteristics were summarized
by arithmetic mean and standard deviation. Numerical
trends in various cardiovascular risk factors across
different age groups were assessed using regression
analyses. Regression coefficients, standard deviations,
standardized regression coefficients (beta), and P
values were estimated. Multivariate logistic regression
analysis was performed to determine the significance
of association of different cardiovascular risk factors
with age, BMI and waist circumference. All statistical
tests were two-sided and performed at a significance
of 0=0.05.

Results

A total of 2368 subjects aged >20 yr, were
approached based on multistage cluster randomized
sampling in different sectors of urban, Chandigarh. Of
them, 123 were non-responders. However, these subjects
were similar to the study subjects, in terms of age, gender
and body mass index (BMI). Of the remaining 2245
subjects, 18 subjects were excluded since HDL-C/TG
levels were not available. Finally, 2227 subjects were
evaluable in the study with a response rate of 94 per
cent. The study population included 1068 men and 1159
women (1:1.08) with mean age of 42.7+16.6 yr (range
20-94 yr). The baseline demographic characteristics of
the study population are shown in Table I.

The prevalence of cardiovascular (CV) risk factors
among the study population in various age groups is
shown in Table II. Among the parameters studied,
the most prevalent CV risk factor in the age group of
20-29 yr was sedentary lifestyle (63.2%), while from
fourth decade and onwards, overweight/obesity was
the most common risk factor with a prevalence varying
from 58.9 to 84.7 per cent. The second most common

Table I. Baseline characteristics of the study population
(n=2227)

Age, mean + SD (yr) 42.7+16.6
Men no. (%) 1068 (48)
Women no. (%) 1159 (52)
Literacy 94.9%
Men 98.4%
Women 91.9%
BMI, mean+SD (kg/m?) 254+4.7

SBP/DBP, mmHg (mean+SD) 131.4+£17.2/85.1 £9.1

Socioeconomic status (%)

Upper 11.0
Upper-middle 81.1
Upper-lower 5.9
Middle 2.0
Physical activity (%)

Sedentary 60.6
Moderate-heavy 39.4
Co-morbidities

Hypertension 43.6
Diabetes 16.4
Coronary artery disease 34
Smoking 7.5

SBP/DBBP, systolic/diastolic blood pressure
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Table II. Prevalence of cardiovascular risk factors among the study population in various age groups
Parameter Age based patients groups
cardiovascular
risk factors 20-29 yr 30-39 yr 40-49 yr 50-59 yr 60-69 yr 270 yr Standardized
N=593 N=428 N=441 N=417 N=157 N=191 beta,
N (%) N (%) N (%) N (%) N (%) N (%) P value
Central obesity 170 (28.7) 252 (58.9) 344 (78) 350 (83.9) 125 (79.8) 159 (83.2)  0.392(0.001)
BMI 2 23 kg/m? 228 (38.5) 313 (73.1) 374 (84.8) 351 (84.2) 127 (80.6) 153 (80.1)  0.298 (0.001)
BP>140/90 mmHg 72 (12.2) 144 (33.7) 207 (46.9) 258 (61.8) 118 (75.0) 124 (64.7)  0.402 (0.001)
High TG (>150 mg/dl) 66 (11.2) 122 (28.4) 210 (47.6) 224 (53.7) 104 (66.4) 132 (69.1)  0.408 (0.001)
Low HDL-C 133 (22.4) 157 (36.6) 230 (52.1) 230 (55.1) 99 (63.0) 123 (64.4)  0.292 (0.001)
Prediabetes 30 (5.0) 51 (12.0) 63 (14.3) 63 (15.1) 34 (21.9) 36 (18.8) 0.144 (0.001)
Diabetes 5(0.8) 25(5.8) 91 (20.7) 110 (26.3) 49 (31.0) 59 (30.9) 0.308 (0.001)
Sedentary lifestyle 375 (63.2) 276 (64.5) 243 (55.1) 243 (58.2) 86 (55.0) 126 (66.0)  0.015 (0.570)
Current smoking 28 (4.7) 36 (8.3) 44 (9.9) 44 (10.5) 10 (6.3) 73.7) 0.001 (0.956)
Personal history 0 2(0.4) 9(2.0) 19 (4.6) 12 (7.8) 23 (12.1) 0.208 (0.001)
of coronary artery
disease
Standardized beta represents standardized regression coefficients (beta) assessed using regression analyses depicting the numerical
trends in various cardiovascular risk factors across different age groups

cardiovascular risk factor in the age group of 20-29 yr
was overweight/obesity, in 30-49 yr sedentary lifestyle,
in 50-69 yr hypertension and in subjects >70 yr, it was
hypertriglyceridemia (Fig.).

On gender-wise analysis, in women in the age
group of 20-39 yr, the most prevalent cardiovascular
risk factor was sedentary lifestyle, however, in the
age group of 30 yr and onwards overweight/obesity
predominated (Table III). The second most frequent
cardiovascular risk factors in women was low HDL-C
in all age groups except in the third and forth decade
where sedentary lifestyle and obesity/overweight
were more frequent. However, in men, the trend of
prevalence of the two most common cardiovascular
risk factors was similar to that of the whole population
(Table II). Low HDL-C were characteristically more
common in women compared to men and this gender-
wise differential trend was observed throughout the
various age groups (Table III). Hypertension was more
frequently recorded in men younger than 60 yr of age
compared to women, however, this gender difference
was significant only between 30 to 39 yr.

The prevalence of all the studied CV risk factors
other than sedentary lifestyle and smoking significantly
increased with age (P<0.001). Similar trend was
observed on analyzing separately for both the genders

(Table III). The prevalence of the studied CV risk
factors including overweight/obesity, hypertension,
dyslipidaemia, prediabetes and smoking was double
in subjects in fourth decade of life, as compared to
subjects in third decade of life, whereas prevalence of
diabetes showed an abrupt increase by 20-folds during
fifth decade (0.8 to 20.7%) followed by a progressive
rise in the later part of life. Sedentary lifestyle was
observed in two-third of the subjects between 20 to 39
yr and a decline in its prevalence was noted between
40 to 69 yr followed by a rise again at >70 yr. Smoking
was significantly (P<0.001) more prevalent in men than
in women. None of the subjects had personal history of
coronary artery disease during 20 to 29 yr. However,
2 per cent of subjects had history of coronary artery
disease (CAD) during fifth decade and its prevalence
significantly increased with age (P<0.001).

Multivariate regression analysis showed that
age, BMI and central obesity were significantly and
positively associated with the presence of hypertension,
hypertriglyceridaemia and diabetes mellitus and low
HDL-C (Table 1V). Waist circumference was more
strongly associated with the presence of hypertension
and low HDL-C as compared to BMI. Adjustment for
age subdued the association of various CV risk factors
with waist circumference and BMI (Table IV).
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Fig. Prevalence of two most common cardiovascular risk factors in different decades of life.

Discussion

This study showed a high prevalence of
cardiovascular risk factors including sedentary
lifestyle, obesity and low HDL-C in the third and
fourth decade of life and the prevalence of these
risk factors progressively increased with advancing
age. The prevalence of central obesity, hypertension,
dysglycaemia and smoking was almost double in
subjects in the fourth decade of life, as compared to
those in the third decade of life. Throughout all age
groups, sedentary lifestyle, overweight/obesity and low
HDL-C were more frequent in women as compared to
men.

Various epidemiological studies have shown that
physical inactivity increases the risk of CVD'®!.
Overall, 61 per cent of the subjects in the present study
followed sedentary lifestyle. Similar observations
have been made from other parts of the country like
in Kolkatta, 59 per cent of the subjects including 61
per cent men and 56 per cent women were following
sedentary lifestyle'® Sedentary lifestyle was more
prevalent in women as compared to men at all ages as
shown by others'. This can be attributed to prevalent
socio-cultural factors?®?!. The present study showed

that sedentary lifestyle was opted by almost 63.2 per
cent of the population even in the third decade of life
and this was higher compared to that observed from
Rajasthan where 38.4 per cent of men and 33.6 per
cent of women adopted sedentary lifestyle in the third
decade of life'®. This suggests that there is a need for
targeting the population as early as in the third decade
of life, so that the incidence of other CV risk factors
can be reduced.

Overweight/obesity is an established risk factor for
CVD and diabetes as shown previously?2*. Our study
showed a high prevalence of overweight/obesity as
compared to previous studies®!"'® and it was the most
prevalent CV risk factor during the fourth decade of
life and onward. The varying prevalence of obesity in
different studies partly can be attributed to different
criteria used to define it>!"!%, In the present study, low
HDL-C was a common prevalent CV risk factor in all
age groups including the subjects in the third decade
of life and was more common in women as compared
to men. This observation was similar to another study
conducted in north India®. The possible reasons for
low HDL-C may be sedentary lifestyle, obesity and
ethnicity as shown in previous studies? and in migrant
Asian Indians®?’.
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Table III. Prevalence of cardiovascular risk factors among men and women in various age groups
Men (%)
Cardiovascular 20-29 yr 30-39 yr 40-49 yr 50-59 yr 60-69 yr >=70 yr Standardized
risk factors n=301 n=200 n=195 n=208 n=78 n=86 beta, P value
Central obesity (90 cm) 24.6 53.2 65.4 75.6 73.4 76.7 0.367 (0.000)
BMI >23 kg/m? 42.6 73.8 79.7 80.0 76.2 77.6 0.242 (0.000)
BP >140/90 mmHg 15.3 44 4 51.5 63.7 75.0 58.8 0.345 (0.000)
TG >150 mg/dl 15.1* 30.2 48.9 49.6 64.1 68.6 0.370 (0.000)
HDL-C <40 mg/dl 8.3 19.8 34.1 34.1 43.8 48.2 0.302 (0.000)
Prediabetes 4.4 12.0 12.8 133 26.6 15.1 0.143 (0.000)
Diabetes 1.1 6.3 25.8 27.4 234 329 0.296 (0.000)
Sedentary lifestyle 57.17 61.9 54.9 48.1 50.8 53.5 0.54 (0.149)
Current smoking 8.8 18.3™ 21.2™ 222" 12.7" 8.2™ 0.018 (0.629)
Personal history of 0.0 0.0 2.3 7.5 10.9* 15.3 0.243 (0.000)
coronary artery disease
Women (%)
Cardiovascular 20-29yr 30-39yr 40-49yr 50-59yr 60-69yr >=70yr Standardized
risk factors n=292 n=228 n=246 n=209 n=79 n=105 beta, P value
Central obesity (90 cm) 33.0 63.3 88.2"" 91.3™ 86.2 88.6 0.421 (0.000)
BMI >23 kg/m? 343 72.7 88.8" 87.9 85.9 82.9 0.349 (0.000)
BP >140/90 mmHg 8.4 247 42.9 60.0 73.8 69.5 0.458 (0.000)
TG >150 mg/dl 7.3 273 46.9 57.4 68.3 69.9 0.442 (0.000)
HDL-C <50 mg/dl 36.7" 50.7" 67.3™ 73.8"" 81.3"™ 77.7° 0.306 (0.000)
Prediabetes 5.6 11.4 15.5 16.7 17.2 21.9 0.145 (0.000)
Diabetes 0.0 5.3 16.1 253 38.5 28.6 0.320 (0.000)
Sedentary lifestyle 69.7 66.7 54.7 67.3" 59.4 76.2" -0.018 (0.614)
Current smoking .6 0.0 0.0 0.0 0.0 0.0 -0.047 (0.180)
Personal history of 0.0 7 25 2.0 4.6 9.5 0.174 (0.000)
coronary artery disease
P "<0.05, "<0.01, ""<0.001 compared to opposite gender in same age group

As the age advanced, hypertension became one
of the most prevalent CV risk factors both in men
and women and the prevalence of hypertension was
higher in the present study than that reported
previously in other studies from India®!®. The
high prevalence of sedentary lifestyle and central

obesity in the study population possibly would have
contributed to high prevalence of hypertension.
Smoking is a well established risk factor for CVD. In
the present study, prevalence of current smoking was
7.5 per cent, which was low compared to that reported
earlier (32%)"°.
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Table IV. Standardized regression coefficient for association
of various cardiovascular risk factors with age, BMI and
waist circumference

Factors Age BMI Waist
adjusted adjusted circumference
for BMI for age adjusted for
and WC and WC age and BMI

Hypertension 0.341™ 0.125™ 0.062"

>140/90 mmHg

Low HDL 0.231™ 0.072™" 0.100™

TG(=150 mg/dl)  0.347" 0.151™ 0.040

DM 0.286™" 0.075 -0.002

**P<0.001, *<0.01, "<0.05

WC, waist circumference; HDL, high density lipoprotein;
TG, triglycerides; DM, diabetes mellitus; BMI, body mass
index

The prevalence of almost all the studied
cardiovascular risk factors progressively increased
with age as has been shown earlier’*!°. The prevalence
of central obesity, hypertension, dysglycaemia and
smoking was almost double in subject in the fourth
decade of life as compared to the subjects in the third
decade of life. Previous studies from India have also
reported similar finding’. The prevalence of diabetes
was 20-folds higher in subjects in fifth decade of life
compared to those in fourth decade of life. This has also
been shown in our previous study where the prevalence
of diabetes was maximum in the fifth decade of life,
which is similar to the observation in other South-
east Asian countries but is a decade earlier than the
western population®. Increasing age and central
obesity are associated with accumulation of multiple
metabolic abnormalities!®*° our study showed a
strong association of increasing age, and obesity with
prevalence of hypertension, diabetes, low HDL-C, and
hypertriglyceridaemia.

The strengths of the study included multistage-
cluster randomized study involving a large number
of subjects with good response rate from a city with
a high literacy rate in India. Limitations of the study
included lack of history regarding diet and family
history of premature cardiac events, single estimation
of glucose values by glucometer and lack of estimation
of serum cholesterol. Being a cross-sectional study, it
did not provide an opportunity to explore the cause and
effect relationship between various risk factors and
cardiovascular events.

In conclusion, sedentary lifestyle, obesity and low
HDL-C were found to be the most prevalent CV risk
factors in subject in the third and fourth decade of life
in this north Indian population. A mandate is required
to target this population to prevent this epidemic of
cardiovascular diseases.
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