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To Identify Appropriate  Anthropometric, Life Style and
Metabolic Predictors in Assessment of Cardiovascular Disease

Risk Factors among Punjabi Females in India
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ABSTRACT This study was conducted to find appropriate anthropometric, life style and metabolic predictors of
cardiovascular diseases in  female population in Punjab.  A total of 500 healthy females belonging to Punjabi
population were randomly recruited for present cross-sectional study. The mean systolic and diastolic blood
pressures were 129.03±11.89 and 78.60±10.57 mm Hg. Many common variables such as body mass index (BMI),
waist circumference (WC) and waist-to-hip ratio (WHR) have significant (p<0.001) correlation with SBP and
DBP. The results of multivariate analysis showed that BMI, WC, pulse pressure and sedentary activity have
statistically significant (p<0.001) impact on the elevation of SBP and DBP. The maximum prevalence of pre-
hypertension (25%) and hypertension (12.7%) have been found among high risk group of waist circumference
measurement and the same trend has been found for waist-to-hip ratio classification such as 34% pre-hypertension
and 15.7% hypertension among high risk WHR group. With respect to life style, the maximum prevalence of pre-
hypertension (26%) has been found among females having sedentary life style. WC and WHR showed higher
sensitivity (WC= 77% for pre-hypertension and 95% for hypertension; WHR= 81% for pre-hypertension and
97% for hypertension) in the diagnosis of pre-hypertension and hypertension. Therefore, it may be concluded that
the waist-to-hip ratio and waist circumference are the best indicators to predict the risk of cardiovascular disease
incidence in females compared with BMI and other risk factors.
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INTRODUCTION

It is widely accepted that overweight and
obese people are more prone to wide range of
cardiovascular diseases. Body mass index (BMI),
waist circumference (WC) and waist-to-hip ratio
(WHR) are usually used to assess the obesity
(Wei et al. 1997; Ho et al. 2003; Welborn and
Dhariwal 2007; Huxley et al. 2010). According to
World Health Organization estimates, 16.7 mil-
lion people around the globe die of cardiovascu-
lar disease each year (WHO 2003; Flegal et al.
2005) which is over 29% of all deaths globally.
Presently, cardiovascular disease is more preva-
lent in India and China than any other economi-
cally developed countries in the world. Further-
more, women will continue to experience dispro-
portionately high mortality from cardiovascular
diseases. It is estimated that by 2040, women in
countries like India, China, Russia, Brazil and
South Africa will have higher percentage of
deaths for cardiovascular diseases than men.  The

major risk factors for cardiovascular diseases in
women are dyslipidemia, diabetes mellitus, ab-
dominal obesity, sedentary lifestyle, and poor
nutrition (Despres and Lemieux 2006; Litwin
2008). Different anthropometric indices such as
body mass index (BMI), waist circumference
(WC), waist-to-hip ratio (WHR) and skinfold
thickness, metabolic indices such as level of cho-
lesterol (CHO) and triglycerides (TG), lifestyle
habits and sedentary activity were analyzed to
identify the association between adiposity and
cardiovascular risk factors by many investiga-
tors (Akpinar et al. 2007; Haskell et al. 2007; Ad-
edoyin et al. 2008; Khan et al. 2008; Badaruddo-
za and Caplash 2012; Ghai et al. 2012; Hwang et
al. 2012; Giudice et al. 2012; Spaan et al. 2012).
Most of the studies have shown linear relation-
ship between anthropometric traits and the risk
to develop cardiovascular disease and they have
also reported that larger waist circumferences
(WC) and waist to hip ratio (WHR) may be sig-
nificantly associated with a higher risk of devel-
oping cardiovascular diseases (Folsom et al. 2000;
Lissner et al. 2001; Seidell et al. 2001; Lakka et al.
2002; Heitmann et al. 2004; Price et al. 2006).
Therefore, it is suggested that BMI, WC or WHR
may each perform better in predicting cardiovas-
cular risk in specific populations with respect to
age, gender, and ethnicity. It is also documented
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from various studies that BMI is less significant
at predicting an increased relative risk of cardio-
vascular disease than waist circumference in
women (Stevens et al. 1998; Rexrode et al. 2001;
Byers 2006; Litwin 2008). This is due to the fact
that central obesity is so common in women, and
thus, increased waist circumference might pro-
duce a higher relative risk in women than in men.
It has found that elevated waist circumference
was associated with cardiovascular diseases and
even in normal weight women (Litwin 2008;
Zhang et al. 2008). However, other investigators
concluded that BMI is clinically equivalent to
waist circumference in predicting major CVD
events (Ridker et al. 2005; Gelber et al. 2008; Lit-
win 2008). Although the associations between
anthropometric indices and cardiovascular risk
have been consistently observed in many popu-
lations. However, the studies related to predict
pre-hypertension and hypertension with respect
to anthropometric, lifestyle and metabolic indi-
cators are very limited in this population. There-
fore, the primary objective of the current study
is to investigate a few specific anthropometric,
metabolic traits and life style habits for predict-
ing the risk of cardiovascular disease among
Punjabi female population in India.

MATERIAL  AND  METHODS

Sample Design

The estimated sample size to detect associa-
tion of mean blood pressure and quantitative
variables was 455 subjects (calculated through
SPSS power analysis) with an alpha error of 5%
and a statistical power of 90%. The final sample
size with 10% contingency due to non-response/
recording error/illness was rounded as
455×1.10=500 subjects. Therefore, a total of 500
females within the age group of  20- 65 years
were recruited for the present cross-sectional
study to identify the significant predictors of risk
factor for cardiovascular diseases among north
Indian Punjabi females. Data were collected in
Punjabi population from Amritsar and Gurdaspur
district in Punjab (a north Indian state). Written
informed consent was obtained from all subjects
prior to their participation. Study was carried out
through various surveys and subsequent visits
to the populations in two districts. These popu-
lations were divided into 50 groups (25 groups
in each district) of known geographic location

and population counts. It is assumed that these
groups were homogeneous with respect to their
life style and socio-economic status. Subjects
were selected randomly from these groups in
numbers weighted to require sample size. There-
fore, subjects were selected by multistage sam-
pling methods. Pregnant women and who were
using an anti-hypertensive medication were ex-
cluded from the study.  The present study was
approved by the Guru Nanak Dev University
appropriate research ethics committee in the year
2009. For data collection personal interviews were
held with each subject. General information
about name, caste, religion, address, sex, educa-
tion status, family history of hypertension, food
habits, frequency of regular physical activities,
exercises and inter-caste marriage were inter-
viewed using a pre-designed questionnaire. The
age of all selected individuals was determined
directly from their date of birth certificate of mu-
nicipality or school.  All the information obtained
from an individual was recorded on the pre-de-
signed proforma. All measurements have been
taken by single investigator, with same instru-
ment therefore, intra and inter-observer variabil-
ity for taking measurements is very negligible.

Measurements

The physiometric variables included mea-
surement of systolic blood pressure (SBP), dias-
tolic blood pressure (DBP) and pulse rate. Two
consecutive readings were recorded for each of
SBP and DBP and the averages were used, how-
ever the variation of two reading is very negligi-
ble. The measurements were taken with the help
of standard mercury sphygmomanometer (Dia-
mond, Model No. BPMR112, India) in a sitting
position with the right forearm placed horizontal
on the table. The recordings were taken as rec-
ommended by the American Heart Association
(Kirkendall et al. 1981). The radial artery at the
wrist is most commonly used to feel the pulse. It
was counted over one minute. Pulse pressure is
calculated through SBP and DBP using the fol-
lowing formula: Pulse pressure= SBP- DBP. The
anthropometric measurements taken were height
(cm), weight (kg), waist circumference (cm), hip
circumference (cm) and four skinfolds (biceps,
triceps, subscapular and suprailiac). All the an-
thropometric measurements were taken on each
individual using standard anthropometric tech-
nique (Singh and Bhasin 1968; Weiner and Lou-
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rie 1981). The values for BMI expressed as the
ratio of body weight divided by body height
squared (in kg/m2) and WHR defined as waist
circumference divided by hip circumference. Fast-
ing blood sample from 200 out of total selected
500 individuals were randomly obtained for bio-
chemical analysis. Fasting time for glucose and
biochemical measurement was defined as >12
hours before venous blood draw. From each in-
dividual 3.5ml of blood was drawn by venipunc-
ture and stored in tubes containing 500ml (0.5M)
EDTA as an anticoagulant. Tubes were serially
(labeled properly) numbered and then transferred
on ice to the laboratory. The samples were cen-
trifuged at 2500-3000 rpm for 10 minutes. Plasma
appeared as supernatant and was separated for
further analysis. The absorbance of the standard
and each test sample was read against the blank
at 505 nm or 505/670 nm on the Erba Mannhiem
semiautomatic biochromatic analyzer (model
CHEM-7, Germany). The metabolic variables in-
cluded were total cholesterol (CHO) triglycerides
(TG) and high and low density lipoproteins (HDL
and LDL).

Cut-off Points and Scoring Methods Followed

For anthropometric parameters the cut-off
points were used  on WHO classification (WHO
1997) such as for BMI: underweight <18.5 kg/m2,
normal >18.5-24.9 kg/m2, overweight >25.0-29.9
kg/m2 and obesity >30 kg/m2; for WC: no risk <95
cm, medium risk >95-101 cm, high risk e”101 cm;
for WHR: no risk <0.90, medium risk >0.90-1.0,
high risk >1.0. For pre-hypertension and hyper-
tension the cut-off values were used on the def-
inition of hypertension published by seventh
Joint National Committee on Prevention, Detec-
tion, Evaluation and Treatment of high blood
pressure guidelines (Chobanian et al. 2003): a
cut-off point of  >140/90 mmHg for hyperten-
sion, >120-139/>80-89 mmHg for prehyperten-
sion; for cholesterol: normal <200 mg/dL, medi-
um risk  > 200- 239 mg/dL, high risk >240 mg/dL;
for triglycerides normal <150 mg/dL, medium risk
>150-199 mg/dL, high risk >200 mg/dL. The risk
level of fasting glucose is > 110 mg/dL.

In the present study three lifestyle variables
have been collected such as food habit, active
lifestyle and sedentary lifestyle. As there were
no gold standard scoring methods available for
these soft data, therefore, for simple statistical
analysis a numeric score for yes/no, present/ab-

sent of favorable/unfavorable (dichotomous cat-
egories) have been given. The subject have been
divided into two categories with respect to na-
ture of the food habits such as vegetarian (score
given 1) and non-vegetarian (score given 2).
According to physical activity level the subjects
were divided into two categories such as seden-
tary lifestyle (score given 1) (subject spend max-
imum time on daily basis in watching television,
sleeping, reading and desk working) and active
lifestyle (subject spend maximum time on daily
basis in working/cycling/swimming/jogging/
health club/sports/domestic work) (score given
2).

Statistical Analysis

The statistical analysis was carried out us-
ing SPSS version 17.0 software (SPSS Inc., Chi-
cago, USA). Descriptive statistics were ex-
pressed as mean±SD. Pearson’s partial correla-
tion coefficients for all anthropometric, life style
habits and metabolic variables were explored for
their relationship with SBP and DBP with con-
trolling age effect. Linear regression was used to
see the effects of age and all other variables on
blood indices. Multivariate models were created
based on the results of univariate analysis. Chi-
square test was used to analyze association be-
tween different categories of risk factors and dis-
tribution of pre-hypertension, hypertension and
normal. Odds ratio with 95% confidence level
was used to determine the relative risk of pre-
hypertension and hypertension with respect to
different studied risk factors in the study popu-
lation.   Measures of sensitivity, specificity, pos-
itive and negative predictive values and accura-
cy of anthropometric, life style habits and meta-
bolic variables to predict pre-hypertension and
hypertension were calculated using WHO and
International Society of Hypertension guidelines
(WHO-ISH 1999) as the gold standard. The
p<0.05 level was selected as the criterion of sta-
tistical significance.

RESULTS

The mean values of SBP, DBP, anthropomet-
ric and metabolic variables affecting blood pres-
sures are presented in Table 1. The mean age of
the study group was 37.55±10.73 (range 20-65)
years. The mean values for SBP and DBP were
129.03±11.89 (range 86-181) mm Hg and
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78.60±10.57 (range 46-115) mm Hg. The mean
values of cholesterol and triglyceride were
172.93±18.94 (range 129-241) mg/dL and
111.81±20.92 (range 52-281) mg/dL. The mean
values of BMI, WC and WHR were 23.55±4.67
(range 13.43-35.99) kg/m2, 89.23±13.70 (range 41-
127) cm and 0.932±0.096 (range 0.73-1.27) respec-
tively.

The Pearson’s partial correlation matrix for
the association between anthropometric, life
style and metabolic indicators and each of SBP
and DBP with controlling age effect is presented
in Table 2. BMI, WC, WHR, sub-scapular skin-
fold and pulse pressure indicated a significant

positive correlation with both SBP and DBP.
However, no metabolic variables were significant-
ly correlated with the cardio-vascular parame-
ters. Biceps and suprailiac skinfolds, sedentary
lifestyle, LDL-HDL ratio and CHO-HDL ratio were
significantly correlated with SBP only.

The results of the univariate and multivariate
analysis to evaluate the effects of these studied
variables on SBP and DBP are presented in Ta-
ble 3. Weight, BMI, WC, HC, WHR, sub-scapu-
lar and suprailiac skinfolds and pulse pressure
with both SBP and DBP; age, biceps and triceps
skinfolds, sedentary lifestyle and cholesterol with
only SBP showed strong association in univari-
ate analysis but in age adjusted multivariate anal-

Table 1: The mean values of different anthropo-
metric, physiometric  and metabolic variables
measured in Punjabi females

Variables          Min- Mean   SD   N
         max

Age (years) 20-65 37.55 10.73 500
Height (cm) 144-174 159.59 5.75 500
Weight (kg) 36-90 59.98 10.33 500
BMI (kg/m²) 13.43-35.99 23.55 4.67 500
Waist circum- 41- 127 89.23 13.70 500

ference(cm)
Hip circum- 59- 125 95.72 10.02 500

ference (cm)
WHR 0.73- 1.27 0.932 0.096 500
Biceps skinfold 3- 36 12.23 2.32 500

(mm)
Triceps skinfold 5-45 27.93 2.76 500

(mm)
Subscapular 4-41 21.93 2.72 500

skinfold(mm)
Suprailiac 4-42 19.81 2.78 500

skinfold (mm)
SBP (mm Hg) 86- 181 129.03 11.89 500
DBP (mm Hg) 46-115 78.60 10.57 500
Pulse pressure 14- 102 49.50 11.97 500
Pulse rate 54- 120 82.75 10.18 500
Cholesterol 129 -241 172.93 18.94 200

(mg/dl)
Triglyceride 52-281 111.81 20.92 200

(mg/dl)
HDL(mg/dl) 31-81 51.56 12.51 200
Fasting glucose 51- 125 96.95 15.30 200

(mg/dl)
LDL(mg/dl) 44-145 95.12 29.31 200
VLDL(mg/dl) 10- 56 22.39 10.96 200
LDL-HDL 0.65- 5.78 2.07 0.66 200
  Ratio
CHO-HDL 0.87- 10.57 3.47 0.76 200
  Ratio
BMI= body mass index; WHR= waist-to-hip ratio;
SBP= systolic blood pressure; DBP= diastolic blood
pressure; LDL= low density lipoprotein ; VLDL=
very low density lipoprotein ; HDL= high density
lipoprotein; CHO=cholesterol.

Table 2: The partial correlation of anthropometric,
metabolic and life style variables with systolic
and diastolic blood pressure with controlling of
age effect among Punjabi females

Variables                           SBP       DBP

                                  R          P R p

Height (cm) -0 .024 0.598 -0 .017 0.693
Weight (kg) 0.044 0.323 0.078 0.082
Body mass index 0.198 0.000 0.201 0.000

(BMI) (kg/m²)
Waist circumference 0.235 0.000 0.199 0.000

(cm)
Hip circumference 0.065 0.151 0.046 0.312

 (cm)
Waist-to-hip ra tio 0.182 0.000 0.132 0.003

(WHR)
Biceps skinfold (mm) 0.142 0.002 0.065 0.152
Triceps skinfold (mm) 0.083 0.067 0.079 0.080
Subscapular skinfold 0.097 0.031 0.116 0.010

(mm)
Suprailiac skinfold 0.110 0.016 0.075 0.097

(mm)
Pulse rate -0 .333 0.460 0.030 0.502
Pulse pressure 0.718 0.000 0.283 0.000
Physical activity 0.012 0.812 0.033 0.522
Food habit 0.026 0.618 -0 .002 0.970
Sedentary activity 0.103 0.046 0.052 0.316
Cholesterol (CHO) -0 .031 0.500 -0 .007 0.633

(mg/dl)
Triglyceride (TG) -0 .033 0.463 -0 .022 0.633

(mg/dl)
High density lipo- -0 .040 0.372 -0 .071 0.116

protein (HDL)
(mg/dl)

Fasting  Glucose 0.014 0.749 -0 .019 0.674
(mg/dl)

Low density lipopro- 0.007 0.988 0.037 0.403
tein (LDL) (mg/dl)

Very low density lipo--0 .034 0.448 -0 .022 0.627
protein (VLDL)
(mg/dl)

LDL-HDL Ratio 0.160 0.000 0.025 0.345
CHO-HDL Ratio 0.198 0.000 0.034 0.366
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ysis only BMI, WC and pulse pressure remained
associated (p<0.001) with both SBP and DBP.
Age and sedentary lifestyle were the only fac-
tors affecting SBP, surprisingly, none of the met-
abolic variables except cholesterol with SBP in
univariate model and food habits showed signif-
icant association in any of the models.

Table 4 showed the chi-square analysis of
the association between the distribution of per-
centage of pre-hypertensive, hypertensive and
normotensive with different anthropometric, lif-
estyle and metabolic indicators. The chi-square
test revealed a statistically significant associa-
tion between prevalence of pre-hypertension,
hypertension with categories of BMI, WC, WHR,
lifestyle, level of cholesterol and triglyceride.
However, food habits have not shown any sig-
nificant association with prevalence of pre-hy-
pertension and hypertension. It is also indicated

from the magnitude of the chi-square values that
WC has strongest association with the preva-
lence of hypertension.

Table 5 showed a comparison of the perfor-
mance of different indicators such as BMI, WC,
WHR, biceps and triceps skinfolds, food habit,
levels of cholesterol and triglycerides to identify
pre-hypertension and hypertension. Sensitivity
evaluates how good the test is at detecting pos-
itive disease in true cases. In this context WHR
and WC have found maximum sensitivity to iden-
tify both true pre-hypertensive and hyperten-
sive individuals (81%, 77% and 97%, 95% for
pre-hypertensive and hypertensive respective-
ly). Specificity estimates how likely patients with-
out disease can be correctly ruled out. There-
fore, levels of triglycerides and food habits have
higher specificity (82%, 80% and 82%, 79% for
pre-hypertension and hypertension respective-

Table 4: Chi-square analysis of association between the distribution of pre-hypertension, hypertension,
normotensive and different risk factor category of anthropometric, life style and metabolic indicators

Risk factors Pre-hypertension Hypertension Normal      χ2       p
        N (%)        N (%)   N (%)

BMI (kg/m²) 29.93 0.0001
Normal 116 (23.30) 40   (8.00) 165 (33.00)
Overweight 62 (12.30) 30   (6.00) 35   (7.00)
Obese 22   (4.30) 15   (3.00) 15   (3.00)

Waist Circumference (cm) 156.33 0.0001
No risk 46   (9.30) 10   (2.00) 84 (16.70)
Medium 29   (5.70) 12   (2.30) 44   (9.00)
High 124 (25.00) 64 (12.70) 87 (17.30)
WHR 15.64 0.0015
No risk 10   (2.00) 2    (0.30) 30   (6.00)
Medium 19   (3.70) 5    (1.00) 20   (4.00)
High 171 (34.30) 79  (15.70) 164 (33.00)

Biceps Skinfold (mm) 4.46 0.347
Normal 76 (15.30) 30    (6.00) 87 (17.30)
Overweight 108 (21.70) 54  (10.70) 113 (22.70)
Obese 15   (3.00) 2    (0.30) 15   (3.00)

Triceps Skinfold (mm) 5.58 0.232
Normal 113 (22.70) 50  (10.00) 141 (28.30)
Overweight 62 (12.30) 29    (5.70) 56 (11.30)
Obese 25   (5.00) 7    (1.30) 17   (3.30)

Food Habit 0.27 0.873
Veg 163 (32.70) 70  (14.00) 172 (34.30)
Non-veg 37   (7.30) 15    (3.00) 43   (8.70)

Life Style 17.67 0.0001
Sedentary 132 (26.30) 39    (7.70) 128 (25.57)
Active 72 (14.43) 48    (9.70) 81 (16.30)

Cholesterol(mg/dl) 11.66 0.020
Normal 33 (16.60) 60  (30.30) 18   (8.87)
Medium 7   (3.33) 6    (3.00) 7   (3.33)
High 20 (10.00) 44  (22.12) 5   (2.45)

Triglyceride(mg/dl) 21.74 0.0002
Normal 32 (16.60) 61  (29.96) 55 (27.22)
Medium 7(3.33) 6    (3.00) 7   (3.33)
High 20 (10.00) 7    (3.34) 5   (2.78)
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ly) to identify the negative results in the case of
pre-hypertension and hypertension. Accuracy
represents true results, either true positive or true
negative in the population. In this context, the
present results revealed that level of triglycer-
ides have maximum accuracy (67%), followed by
BMI (61%) and WC (60%) to identify pre-hyper-
tension, whereas, WC has maximum accuracy
(74%) followed by BMI (64%) and WHR (63%)
to identify hypertension.

DISCUSSION

The major objective of the present study is
to compare the appropriateness of anthropomet-
ric, physiometric and lifestyle variables for pre-
dicting the risk of cardiovascular diseases among
Punjabi females in Punjab. The study represents
a multivariate model which includes individual
data with respect to blood pressure phenotypes
(dependent variables, SBP and DBP). The other
metric anthropometric variables such as age,
height, weight, BMI, waist-to-hip ratio, waist cir-
cumference, hip circumference and skinfolds; lif-
estyle  variables such as food habit (vegetarian
and non-vegetarian) and life style (sedentary and
active) and metabolic variables such as choles-
terol, triglyceride, fasting glucose HDL, LDL and
VLDL are included. Therefore, the present study
can be used to derive the biological relationship
between blood pressure phenotypes and other
studied variables among Punjabi females. Fur-
ther the present study would also help to under-
stand the interactions between different anthro-
pometric, physiometric and lifestyle indicators
with hypertension/ pre-hypertension among
Punjabi females. The study highlights the prev-
alence of pre-hypertension and hypertension
among Punjabi females which was classified with
the indicators of BMI, waist circumference and
waist-to-hip ratio etc. It also indicated the emer-
gence of cardiovascular disease and their risk
factors as major contributors to the burden of ill
health in Punjabi females.

The positive and significant associations
between many indicators such as BMI, waist cir-
cumference, waist-to-hip ratio, skinfolds, pulse
pressure and sedentary life style with elevated
blood pressure have been observed. These find-
ing suggest that the indicators like waist circum-
ference, waist-to-hip ratio, food habit, sedentary
life style, levels of cholesterol and triglyceride
are equally valid and useful for epidemiological
and clinical research; however, further study is
needed to support the present observation.

In the present population among Punjabi fe-
males, an increasing trend of the prevalence of
hypertension has been observed. The compara-
tively high prevalence of hypertension and pre-
hypertension among Punjabi females may be
contributable to changes in dietary habits, sed-
entary life style and the rates of overweight and
obesity. The association between increased BMI,
waist circumference, waist-to-hip ratio, triglyc-
eride and sedentary life style are consistent with
findings from many other studies (Nirmala et al.
1993; Gupta et al. 1997; Chadha et al. 1999; Sil-
ventoinen et al. 2003; Badaruddoza and Kumar
2009; Badaruddoza and Sawhney 2009; Badarud-
doza et al. 2010; Bishnoi et al. 2010; Nascimento
et al. 2011; Ghai et al. 2012).

The present study has also reported 33% of
overall prevalence of hypertension and signifi-
cant effect of metabolic syndrome among Punja-
bi females. However, no other studies are avail-
able from this population to compare the present
study with respect to metabolic syndrome.  When
the associations between different anthropomet-
ric, physiometric and environmental indicators
with the occurrence of cardiovascular disease
were analyzed in multivariate models then it was
observed that BMI, waist circumference and
pulse pressure have an independent impact on
the occurrence of elevated blood pressure. The
increased risk of cardiovascular disease associ-
ated with abdominal obesity independent of BMI
and WC may indicate the adverse effects of fat
located within abdominal cavity among Punjabi
females. However, we cannot exclude the possi-
bility that these associations found are due to
common factors like sedentary life style and food
habit.   In the present observation the most im-
portant indicators were waist circumference,
waist-to-hip ratio, life style and level of triglycer-
ides among Punjabi females. It is interesting to
note that vegetarian population has higher fre-
quency of pre-hypertension and hypertension
incidences although the differences are not sta-
tistically significant. This is due to the fact that
vegetarian females consume more junk food
which may explain the presence of higher blood
pressure in vegetarian population. In conclusion,
the study results suggested that WC and WHR
have been found to be best predictors of blood
pressure indices due to its higher sensitivity,
specificity and overall accuracy in Punjabi fe-
males. Age was also found to be the strongest
factor affecting blood pressure in females. There-
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fore, measurement of WC alone can be a better
clinical alternative to BMI for detecting adult fe-
male with possible health risk due to obesity and
cardiovascular diseases.

LIMITATIONS  OF  THE  STUDY

The present study has several strengths as
well as some limitations such as: (i) the cross-
sectional sampling design do not allow inferenc-
es to be drawn with respect to casual relation-
ships among the variables (ii) the samples stud-
ied are only representative of adult females re-
siding in Amritsar and Gurdaspur districts and
therefore may not generalize for Punjab (iii) all
studied variables are age dependant, however
age grouping analysis has not been done. De-
spite these limitations this study provides im-
portant data regarding the prevalence and corre-
lation of Punjabi female specific cardiovascular
disease risk factors. This study further add strong
evidence for high prevalence of cardiovascular
disease risk factors among Punjabi females which
would be useful for health screening strategies
to reduce the burden of cardiovascular disease
in Amritsar and Gurdaspur district in Punjab.
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