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ABSTRACT
Objectives: To examine the BMI profile and waist to hip ratio measurements of young adult
medical students of Lahore medical and dental college and its relationship with hypertension.
Methodology: All the students of Lahore medical & dental college were asked to undergo physical
examination. Height, weight, waist circumference, hip circumference, systolic and diastolic blood
pressure were recorded. The partial correlation coefficient was used to quantify the association
between BMI and waist-to-hip circumference ratio with systolic and diastolic blood pressure.
Linear regression analysis was used to assess the influence of body mass index and waist-to-hip
circumference ratio on the variance of systolic and diastolic BP.
Results: Mean BMI was 23.24 (SD±4.31). Descriptive analysis revealed that 103(21.3%) of the
study population were classified as underweight, 251(52 %) as normal weight, 99 (20.5%) as
overweight, and 30 (6.2 %) as obese. Abdominal adiposity, as measured by increased WHR, was
present in 56 subjects (11.59 %).  Partial correlation controlled for age revealed strong positive
correlation between BMI and WHR for males.7.24% had high systolic blood pressure, minimum
systolic BP was 90 while maximum being 160mmHg. Same was the value for high diastolic blood
pressure i.e. 35 (7.24%), range was from 60 to 100mm Hg. Results of the partial correlation
coefficient controlled for age, indicated a significant positive correlation between SBP and DBP.
Stepwise linear regression analysis controlled for age revealed that both body mass index and
waist-to-hip circumference ratio were independently correlated with both systolic and diastolic
blood pressures.
Conclusions: The present results suggest that prevalence of overweight and obesity among the
medical students is higher than in general population. Those with either higher BMI or central
adiposity distribution are potential candidates of increased risk of hypertension and
cardiovascular disease.
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INTRODUCTION

Every individual needs a certain amount of
body fat for energy, heat insulation and shock
absorption. However, excessive deposition of
fat in the body, which is usually referred to as
overweight or obesity, is dangerous. Over-
weight specifically refers to an excess body
weight compared to set standards, while
obesity is to have an abnormally high propor-
tion of total body fat.1

Obesity is a major health hazard all over the
world and is becoming a major health threat
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in Pakistan.2 There are a number of health haz-
ards associated with obesity, including diabe-
tes, hypertension, cardiovascular disease, ar-
thritis, anaesthesia risk, respiratory problems,
breast cancer, menstrual abnormalities, ova-
rian dysfunction along with poor social image
and rejection.3 WHO has updated recommen-
dations for action to governments, interna-
tional agencies and concerned partners in the
public and private sectors, as there is a need to
assess the burden and determinants of the
problem in various populations for effective
control measures.4

Pakistan is a country facing ‘double-burden’
of disease. While efforts continue to prevent
and control infectious disease such as vaccine-
preventable disease (e.g. measles, polio, hepa-
titis), and those related to water and sanita-
tion (e.g. gastroenteritis), non-communicable
diseases (NCDs), such as CVD, hypertension
and diabetes, also pose a health burden.5 Glo-
balization, increasing urbanization, changes in
traditional family structures and lifestyles, and
a more mechanized workplace directly Affect
dietary and physical activity patterns and
ultimately increase the risk of such diseases.

Excess body weight or obesity, along with
hypertension, cigarette smoking and hyperc-
holesterolemia, is an important risk factor for
cardiovascular disease (CVD). Arterial hyper-
tension alone is among the most prevalent risk
factor of cardio- and cerebrovascular disease
and death.6 The risk increases progressively
with every increment in blood pressure, as
documented in a meta-analysis of multiple
observational studies involving more than 400
000 untreated subjects.7 The incidence of arte-
rial hypertension, determined by systolic blood
pressure greater than 139mmHg or diastolic
greater than 89mmHg, continuously increases
with age and averages 30% in the fifth decade,
40% in the sixth decade and 50% in the
seventh decade.6

In recent years, body mass index (BMI) also
called Quetelet Index (initially described by
Quetelet in 1869), has become the measurement
of choice for many obesity researchers and
health professionals, to measure overweight
and obesity in adults.8 BMI describes relative

weight for height, is not gender specific and is
significantly correlated with total body fat con-
tent. (Table-I) The evaluation of central adipos-
ity by way of the waist to hip ratio (WHR) has
been recognized as a substantial component
in the assessment of cardiovascular disease risk
factors due to an association between WHR
and hypertension.9

The childhood roots of adult obesity and
(CVD) are widely recognized and associated
with calls for heath promotion targeted at
youth.10 Recent studies have indicated the pres-
ence of trend in over weight and obesity in
children and adolescents of developing coun-
tries,11 but there is very little work done in evalu-
ating relationship of prevalence of obesity
among young adults and various modifiable
risk factors such as hypertension.

In this study we evaluated a sample of
medical students who fall in young adult age
group for anthropometric measurements and
its relationship with systolic and diastolic blood
pressure.

SUBJECTS AND METHODS

Four hundred and eighty three medical
college students, belonging to both MBBS and
BDS classes aged, 17 to 26 years were recruited
to participate in the present study. In order to
recruit the subjects, students from all nine
classes were randomly selected. Written in-
formed consent was obtained from all subjects
prior to their participation.
Anthropometrical Measurements: Anthropomet-
rical measurements were taken using standard
apparatus. A digital scale (seca) was used to
measure body weight (BW) with an accuracy
of +100g. Subjects were weighed without
shoes, in light clothing. Standing body height
(BH) was measured without shoes to the near-
est 0.5cm with the use of a commercial
stadiometer with the shoulders in relaxed
position and arms hanging freely. Body mass
index (BMI) was then calculated as BW in ki-
lograms (kg) divided by square of the BH in
meter (m2). (Table-I).4 Waist was measured
horizontally at the level just above the upper-
most border of the iliac crest. The measurement
was made at a normal minimal respiration. Hip
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was measured as the maximum circumference
over the buttocks. Central obesity was also cal-
culated and defined on the basis of WHR. The
cut-off value of central obesity was considered
>0.95 in males while normal value for females
was >0.80.4

Blood pressure measurement: In order to mea-
sure blood pressure, subjects were seated in a
chair with their back supported and their arms
bared and supported at heart level. Measure-
ment was performed with the subject not hav-
ing ingested coffee or smoked for 30 minutes
and after at least five minutes of rest. The
appropriate cuff size was used to ensure an
accurate measurement. Measurements were
taken using a mercury sphygmomanometer
applied on the right arm of the participants.
First and fifth Korotkoff sounds were recorded
for systolic and diastolic readings respectively.
Two readings separated by two minutes were
averaged. If they differed by more than
5mmHg, one additional reading was obtained
and then averaged. Using the recently pub-
lished “The Seventh Report of Joint National
committee on Prevention, Detection, Evalua-
tion and Treatment of High blood Pressure
(JNC-VII) criteria”12 blood pressure was
defined accordingly
Normal Systolic and diastolic

< 120/80
Pre- hypertensives: Systolic 120-139 or

diastolic 80-89mm
of Hg

Stage-1 hypertensives: Systolic 140-159 or
diastolic 90-99 mm
of Hg

Stage-2 hypertensives: Systolic 160 or
diastolic 100mm of Hg

Hypertension was defined as systolic blood
pressure (SBP) >140 mmHg, and diastolic blood
pressure (DBP) >90mmHg.
Statistical Analysis: Statistical analysis was car-
ried out using the statistical program available
in SPSS version 10. Descriptive statistics for
anthropometric characteristics and SBP and
DBP were calculated. Partial correlation
coefficient was used to quantify the associa-
tion between independent variables (BMI and
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Fig-I: Age Distribution of study population.
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WHR) and dependent variables (SBP and DBP).
Linear regression analysis was used to assess
the influence of BMI and WHR on the vari-
ance of SBP and DBP. All tests for statistical
significance were two tailed and significance
was selected at P-value <0.05.

RESULTS

There were a total of 483 medical students,
290(60.04%) were female while 193 (39.96%)
were male. Ages ranged from 17 to 26 years
with a mean age of 20.46 years (SD±1.65).
Fig-1 Anthropometric and blood pressure
characteristics of the subjects are shown in
Table-II, III. Mean BMI according to definition
used, was 23.24 (SD±4.31) while descriptive
analysis revealed that 103(21.3%) of the study
population was classified as underweight,
251(52 %) as normal weight, 99 (20.5%) as
overweight and 30 (6.2 %) as obese (Fig-1). The
results revealed that at the WHR cut-off point
recommended for central obesity (males WHR
>0.95 cm; females WHR >80cm), abdominal
adiposity was present in 56 subjects (11.59 %)
of which 31 were male while 25 were females.
Partial correlation controlled for age revealed
strong positive correlation between BMI and
WHR for males (r = 0.690, P < 0.0001) and
females (r =0.620, P<0.0001). Inspection of the
data obtained for the hypertension, indicated
that 35 subjects of the study population (7.24%)
had systolic high blood pressure, minimum
systolic BP was 90 while maximum being
160mmHg. Interestingly the same number of
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subjects had a high diastolic blood pressure i.e.
35 (7.24%), range was from 60 to 100mm Hg.
Results of the partial correlation coefficient
controlled for age, indicated a significant posi-
tive correlation between SBP and DBP (r=
0.590, P<0.0001). Likewise, partial correlation
revealed that, there were significant correla-
tion between the independent and dependent
variables. BMI was positively correlated with
SBP (r = 0.592, P<0.0001) and DBP (r = 0.199,
P<0.0001), respectively. Similarly, positive cor-
relation was found between WHR and SBP
(Males r = 0.356, P < 0.0001, Females r =0.346)
and between WHR and DBP (Males r = 0.396,
P < 0.0001, Females r =0.412) in both males
and females.

Stepwise linear regression models were
fitted for each SBP and DBP as the dependent
variable and BMI and WHR as the indepen-
dent variables controlled for age to determine
the influence of BMI & WHR on the variance
of SBP and DBP. In this study BMI correlated
similarly with SBP (beta 0.30, SE 0.21, P< 0001)
as with DBP (beta 0.29, SE 0.20, P<0.0001).
While stronger correlation existed between
results for WHR as an independent positive
correlate to SBP (beta 0.16, SE 11.90, P< 0.04)
than to DBP (beta 0.11, SE 9.25, P< 0.041).

DISCUSSION

The purpose of this study was to provide data
on the prevalence of overweight and obesity
and their associations with hypertension
among young adult medical college students.
BMI and WHR were used in the present study
for two reasons. First, due to simplicity and
reproducibility of height, weight, hip and waist
circumference measurements, second because
both have been recognized as important indi-
cators for estimating cardiovascular disease risk
factors, in particular their association with
hypertension.8-11 The results of the present study
demonstrated that the overall prevalence of
overweight and obesity were 20.5% and 6.2%,
respectively, while 21.3% were underweight.
In addition, according to the present results,
11.59% of the participants had waist-to-hip
circumference ratio >0.92. When we compare
it with National Health Survey of Pakistan
1990-942 the prevalence of BMI and over-
weight among our study group came out to be
little higher. In NHSP-the first comprehensive
national health examination survey, the preva-
lence of overweight was reported as 13.5% for
males and 19.6% for females, while under-

Table-I: Categories of BMI to identify, health risk.

BMI Weight Categories Risk

< 18.5 Underweight Increased Risk
18.5 – 24.9 Normal Weight Least Risk
25 – 29.9 Overweight Increased Risk
30 and Over                        Obese
30 – 34.9 Obese Class I High Risk
35 – 39.9 Obese Class II Very High Risk
> 40 Obese Class III Extremely High Risk

(Source: WHO guidelines for body weight classification
in adults 2003)

Table-II: Descriptive analysis for anthropometrics
and blood pressure characteristics

Variables Mean S.D.

Age (Y) 20.46 + 1.0
Height (Cm) 165 + 9.8
Weight (Kg) 63.1 + 12
Waist (Cm) 75.6 + 8.2
Hip (Cm) 90 + 6.5
WHR 0.78 + 7.6
BMI (Kg/m2) 23.24 + 4.3
SBP mm/Hg 122.0 + 10
DBP mm/Hg 71.2 + 8.4

Table-III: Comparison of anthropometric characteristics (mean and standard deviation) of university
students reported in different countries16

Country N Age (y) Weight (kg) Height(cm) BMI (kg/m2)

England 303 20.0±2.0 69.0±10.4 178.0±6.7 21.8±2.6
France 289 21.1±2.3 68.0±9.3 178.0±7.2 21.6±2.2
Greece 310 20.9±1.9 75.0±9.5 179.0±5.9 23.5±2.4
Iceland 393 21.2±2.9 76.0±10.0 182.0±5.9 23.0±2.7
Spain 369 21.2±2.6 72.0±10.0 176.0±6.6 23.1±2.7
Iran 537 21.7±2.4 65.7±11.1 176.4±6.1 21.6±3.4
Current study 483 20.4±1.6 63.1±12.1 165.0±9.8 23.2±4.3



weight population was declared as 25% which
is higher than our study group. Mean BMI ac-
cording to NHSP was 20.9kg/m2 for males and
21.7kg/m2 for females. In another large scale
study done on Pakistani population5 the preva-
lence of overweight and obesity was around
14% and 2.2% respectively. In this very same
study the prevalence of underweight popula-
tion was around 11% which was less than not
only our study but also from National Health
survey of Pakistan. The very reason for this
difference of values may be the rapid change
of lifestyle and eating behavior amongst the
youth in the past decade. It thus necessitates
the need of large-scale data collection at
national level.

But when we examine the prevalence of over-
weight and obesity among students then these
values are almost similar. In a study done on
Greek medical students13 the mean BMI was
39.5% in males while 22.3% in female students,
while 27.6% were overweight and 4.3%were
obese. In a survey at Louisiana state university
37% of males and 9% of females were found
to be overweight.14A study conducted among
154 medical students in south Africa reported
rates of overweight and obesity that were19.7%
and 4.6% for black students. Overweight and
obesity among black female medical and
nursing students was fond to be 30.6%.15 A
comparison of anthropometric characteristics
of students of various countries is shown in
Table-III.16 By looking at all these studies it is
apparent that results of BMI and height and
weight are quite similar in students of around
same age groups.

Central adiposity levels among medical
students vary widely according to anthropo-
metric index used. A common problem found
in similar surveys, as no consensus about the
appropriateness of the different obesity indi-
ces or cut-off points have been reached. We
adopted waist to hip ratio cut-offs proposed
by Dobbelsteyn et al.17 Abdominal adiposity
was present in 56 subjects (11.59%) with males
more obese than females. Almost similar find-
ings were there in a study from Iran which
showed prevalence to be around 11.4%. In a
European study on medical students13 33.4%

of men and 21.7% of women were declared to
have central adiposity, which means that in
our area this parameter does show lower preva-
lence. Other parameters like waist circumfer-
ence and waist to height ratio should also be
considered before relying on a single param-
eter as no consensus is still present which can
prove superiority of one over other.

A striking finding of our study was the high
prevalence of elevated systolic and diastolic
blood pressure (7.24%) as compared to other
studies. A study done among black and Indian
medical students in South Africa,15 disclosed
rates of high blood pressure of 2.5% and 4.2%
respectively. New Jersey medical students re-
ported high DBP (4.2%) & SBP (3.5%).18 A sur-
vey conducted at Louisiana State University
reported rates of high SBP of 4% of both sexes
while DBP of 11% in females while 4% for
males. In a study from Iran 4.8% of college stu-
dents had high SBP while 4% had high DBP.16

Significant positive association between either
BMI or WHR and SBP and DBP was found in
the present study. The independent association
between BMI and either SBP or DBP is in line
with previous findings.9 13 16

Similarly, the results of this study that
described the independent relationship
between WHR and either SBP or DBP are
consistent with previous reports.13 16

Surprisingly, however, contrasting results
have been found in a number of studies.19 20

Borona et al,19 reported that BMI was an inde-
pendent predictor for diastolic blood pressure
and not for systolic blood pressure. However,
they reported that WHR was not an indepen-
dent predictor for either systolic or diastolic
blood pressures. They argued that failure to find
an independent association between WHR and
blood pressure might have been due to the fact
that most of the study populations were
nonobese. This argument is based on the evi-
dence that showed regional fat distribution has
an impairment effect on metabolic and
haemodynamic measures, only when the over-
all body fat is larger than a certain quantity.
Our results are also in contrast to Bogalusa
Heart Study where none of the WC, WHpR,
WHtR measurements predicted the blood
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pressure levels of young adults in multivariate
models.21 Nonetheless there are many studies
with different conclusions.13 17 21

An important result of the present study is a
considerably high prevalence of underweight
(20.5%) among young adult medical students.
This has been observed to be more common
among girls. A possible explanation for the ten-
dency toward being underweight among stu-
dents may be that, since majority of the stu-
dents that enrolled in LMDC lived far from
their family in the hostels or independently,
they may be mal- or undernourished. In order
to indicate whether the BMI’s of those living
at home and those far from home are different
, independent samples T-test was used and a
statistically significant (P<0.01) difference
between the two groups was found. Similar
results were also found in other studies16 but
separate work should be done to evaluate
predictors of this result.
Limitations of the study: International Diabetes
Federation (IDF) has proposed new cut off
value of BMI for Asian population. If they were
taken into account as against WHO proposed
criteria, the prevalence of obesity would have
been much higher.

CONCLUSIONS

The main findings of this study are summa-
rized as follows: a) a substantial proportion of
young medical students were overweight or
obese, b) obese students had higher levels of
major CVD risk factor variables, namely blood
pressure. c) BMI was found to be a useful
index for the prediction of high blood pressure.
WHP ratio also correlates well with SBP and
DBP.

Our results highlight the necessity to insti-
tute effective prevention and health promotion
programs targeting younger age groups. In
view of the fact that medical students are not
representative of the general population, stud-
ies should be extended to the young adult
population and investigate the presence of
obesity and major CVD risk factors and their
trends over time.
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