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ABSTRACT The relationship between obesity and cardiovascular disease risk factors was assessed in
3622 males and 5025 females aged 20–70 years. Body mass index, waist circumference, waist-to-height
and waist-to-hip ratios were calculated. Obese men had a higher risk of hypertension, high total cholesterol
(TC), high triglycerides (TG), high low-density lipoprotein cholesterol (LDL-C) and low high-density lipopro-
tein cholesterol (HDL-C) levels than non-obese men. Centrally obese men were more susceptible to high
TG, hypertension and high TC. Obese women had a higher chance of being hypertensive and having high
total TC, high TG, high LDL-C and low HDL-C levels than non-obese females. Centrally obese women had
higher odds for high TG and low HDL-C.  There is a  need for education about lifestyle change in the country.

Obésité et facteurs de risque de maladies cardio-vasculaires chez l’adulte à Téhéran : étude trans-
versale dans une population définie
RÉSUMÉ La relation entre l’obésité et les facteurs de risque de maladies cardio-vasculaires a été évaluée chez
3622 hommes et 5025 femmes âgés de 20 à 70 ans. L’indice de masse corporelle, le tour de taille, le rapport tour
de taille/taille et le rapport tour de taille/tour de hanches ont été calculés. Les hommes obèses avaient un risque
plus élevé d’hypertension, de cholestérol total élevé, de triglycérides élevés, de cholestérol des lipoprotéines de
basse densité (LDL) élevé et de cholestérol des lipoprotéines de haute densité (HDL) bas que les hommes non
obèses. Les hommes ayant une obésité centrale étaient plus susceptibles d’avoir des triglycérides élevés, une
hypertension et un cholestérol total élevé. Les femmes obèses risquaient davantage d’être hypertendues et
d’avoir un taux élevé de cholestérol total, de triglycérides, de cholestérol LDL et un faible taux de cholestérol
HDL que les femmes non obèses. Les femmes ayant une obésité centrale avaient une plus forte probabilité
d’avoir un taux élevé de triglycérides et un faible taux de cholestérol HDL. Ces résultats mettent en évidence la
nécessité d’une éducation concernant le changement de mode de vie en République islamique d’Iran.
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Introduction

Obesity, determined as excess body fat, is
one of the most common health problems
worldwide, with an estimated 1.2 billion
people affected [1]. Studies in the Islamic
Republic of Iran have shown an increasing
prevalence of obesity, which is expected to
rise in the future due to increasing urban-
ization [2–4]. The prevalence of obesity
and overweight in Tehran among individu-
als aged over 20 years is 23% and 40% re-
spectively [5]. Obese people are more
susceptible to chronic non-communicable
diseases such as cardiovascular disease
(CVD), diabetes and some cancers [6]. In
contrast to trends observed in northern Eu-
rope and the USA [7], recent data show
that mortality from CVD is increasing in the
Islamic Republic of Iran [5] and this may
be attributed to a rising prevalence of obe-
sity.

Most published papers discussing the
relation of CVD and obesity are from the
industrialized countries and limited data ex-
ists in developing countries. According to
our knowledge, no epidemiological study
has been published about the relationship
between obesity and risk factors for CVD
in the Islamic Republic of Iran. The present
study was conducted within the frame-
work of the Tehran Lipid and Glucose
Study, the design and objectives of which
have been published earlier [8]. Briefly, it is
a prospective study to determine the preva-
lence of non-communicable disease risk
factors in residents of district 13 of Tehran
with the goal of developing guidelines for a
healthy lifestyle. This paper reports the
findings about the relationship between
obesity and selected CVD risk factors in
people aged 20–70 years old.

Methods

In the Tehran Lipid and Glucose Study,
15 005 people aged 3 years and over living
in district 13 of Tehran were selected by a
multistage cluster random sampling meth-
od; 9984 of them were aged 20–70 years.
Those with at least one missing variable (n
= 1337) were excluded from the study and
thus data were analysed for 8647 partici-
pants (3622 men and 5025 women). The
proposal for the study was approved by the
research council of the Endocrine Re-
search Centre of Shaheed Beheshti Univer-
sity of Medical Sciences and informed
written consent was obtained from each
subject.

Data collection
Participants were interviewed privately,
face-to-face, by trained interviewers using
pre-tested questionnaires. Initially, infor-
mation on age, educational level and smok-
ing habits was collected. Weight was then
measured while the subjects were minimal-
ly clothed without shoes using digital scales
and recorded to the nearest 100 g. Height
was measured in a standing position with-
out shoes using a tape meter while the
shoulders were in normal position. Body
mass index was calculated as weight (kg)
divided by height (m2). Waist circumfer-
ence (cm) was measured at the point of no-
ticeable waist narrowing, and hip
circumference (cm) was measured over
light clothing at the widest girth of the hip
[9]. To avoid subjective error, all measure-
ments were done by the same person.
Waist-to-hip and waist-to-height ratios
were calculated by dividing waist circum-
ference by hip circumference and height
respectively. Obesity was defined by World
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Health Organization criteria as BMI ≥ 30
kg/m2 [10]. Waist circumference cut-off
points used were > 90 cm for men and > 80
cm for women [11]. For waist-to-hip ratio
a cut-off value of > 0.9 was used for men
and > 0.8 for women [11]. The cut-off for
waist-to-height ratio was ≥ 50 for both
sexes [12].

Blood pressure measurement
Before measuring the blood pressure, the
participant was asked about tea or coffee
consumption, physical activity, smoking
and a full bladder (which might elevate
blood pressure).

Participants were initially made to rest
for 15 minutes. Then a qualified physician
measured their blood pressure 2 times in a
seated position following 1 initial measure-
ment for determining peak inflation level
using a standard mercury sphygmoma-
nometer. Based on the circumference of
the participant’s arm, a regular adult cuff
was chosen. The cuff was placed on the
participant’s right arm, at the heart level
and inflated as rapidly as possible until the
cuff pressure was 30 mmHg above the lev-
el at which the radial pulse disappeared.
There was at least a 30-second interval be-
tween these 2 separate measurements;
thereafter the mean of 2 measurements
was considered as the participant’s blood
pressure. The systolic blood pressure was
defined as the appearance of the first sound
(Korotkoff phase 1) and diastolic blood
pressure was defined as the disappearance
of the sound (Korotkoff phase 5) during
deflation of the cuff at a 2–3 mm per sec-
ond decrement rate of the mercury col-
umn.

Hypertension was defined as systolic
blood pressure ≥ l40 mmHg or diastolic
pressure ≥ 90 mmHg or current treatment
for hypertension, according to the criteria
of the Joint National Committee on Preven-

tion, Detection, Evaluation and Treatment
of High Blood Pressure (JNC-VI) [13].

Serum lipid analysis
A blood sample was drawn between 07.00
and 09.00 hours into vacutainer tubes from
all study participants after a 12–14 hours
overnight fast. Blood samples were taken in
a sitting position according to the standard
protocol and centrifuged within 30 to 45
minutes of collection. All blood lipid analy-
ses were done at the Tehran Lipid and Glu-
cose Study research laboratory on the day
of blood collection. The analysis of sam-
ples was performed using a Selectra 2
auto-analyser (Vital Scientific, Spankeren,
Netherlands). Total cholesterol and triglyc-
eride kits (Pars Azmoon, Islamic Republic
of Iran) were used. Total cholesterol (TC)
and triglycerides (TG) levels were assayed
using enzymatic colorimetric tests with
cholesterol esterase and cholesterol oxidase
and glycerol phosphate oxidase respective-
ly. High-density lipoprotein cholesterol
(HDL-C) was measured after precipitation
of the apolipoprotein B-containing lipopro-
teins with phosphotungstic acid. Low-
density lipoprotein cholesterol (LDL-C)
was calculated from serum TC, TG and
HDL-C using the Friedwald formula [14].
It was not calculated when TG concentra-
tion was > 400 mg/dL.

Assay performance was monitored ev-
ery 20 tests, using the lipid control sera
Precinorm (for normal range) and Preci-
path (for pathological range) wherever ap-
plicable (Boehringer Mannheim, Germany).
The Calibrator for Automated Systems
(Boehringer Mannheim, Germany) was
used to calibrate the Selectra 2 auto-
analyser for each day of laboratory analy-
ses. All samples were analysed when inter-
nal quality control met the acceptable
criteria.
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Inter- and intra-assay coefficients of
variation were 2.0% and 0.5% for TC and
1.6% and 0.6% for TG respectively. Cut-
off points corresponding to Adult Panel
Treatment III criteria [15] for borderline
high TC, TG, LDL-C and low HDL-C levels
were used to define high TC (≥ 200 mg/
dL), high TG ( ≥ 150 mg/dL), high LDL-C
(≥ 130 mg/dL) and low HDL-C (< 40 mg/
dL). TC/HDL-C ratio > 4 was also consid-
ered as an adverse serum lipid profile [16].

Statistical analysis
The participants were divided into 5 age
groups; 20–29, 30–39, 40–49, 50–59 and
60–70 years. Statistical analysis was per-
formed with an IBM computer using SPSS,
version 9.05 statistical software package,
and data were presented as mean, standard
deviation (SD) and percentages. The age-
specific distributions for high TC, high TG,
high LDL-C and low HDL-C were calculat-
ed separately for males and females. Bivari-
ate analysis was carried out, using the odds
ratio (OR) to test for associations between
obesity indicators and CVD disease risk
factors. An OR with a 95% confidence in-
terval that did not include the value of 1.00
in its range was considered statistically sig-
nificant. For each cardiovascular risk fac-
tor, logistic regression models were run.
Confounding variables such as age, educa-
tional level and smoking habits were includ-
ed as covariates in all models.

Results

Prevalence of obesity and CVD
disease risk factors
Of the 8647 participants, 2015 were obese
(BMI ≥ 30 kg/m2), giving an overall preva-
lence of obesity of 23.3%. A higher propor-
tion of women were obese (1487, 29.6%)
than men (528, 14.6%) (P < 0.0l). A further
3459 (40.0%) participants were over-

weight (BMI 25–< 30 kg/m2), slightly more
men (1534, 42.4%) than women (1925,
38.3%). The highest rate of obesity in both
sexes was observed in the 50–59- years
age group. The prevalence of obesity in-
creased with age up to 60 years in males
and females.

The mean (SD) of anthropometric indi-
ces by sex and age group are presented in
Table 1. Although BMI was similar for men
and women in the 20–29 years age group,
men had lower BMI and waist-to-height ra-
tio and higher waist-to-hip ratio than wom-
en of other age categories. Men aged 20–29
and 30–39 years had higher waist circum-
ferences than women of corresponding age
groups. Men over 40 years had lower waist
circumferences than women. For all age
groups of men, the mean BMI was approx-
imately 2 kg/m2 lower than for women,
waist-to-height ratio was 4 units lower and
waist-to-hip ratio was 0.08 greater. The
highest BMI was in the 50–59-years age
category in both sexes, whereas for the an-
thropometric indices BMI was highest in
the 60–70-years category.

The prevalence of CVD disease risk
factors is shown in Figure 1. For men, high
TC/HDL was the most prevalent risk factor
and for women it was high TC. An increase
in prevalence of all risk factors was seen
with increasing age, with the exception of a
slight drop in the rate of high TG and low
HDL-C in the older age groups, in both
males and females.

The prevalence of high LDL-C and high
TC in the 20–29-years group and hyperten-
sion in the 30–39-years group was the
same in both sexes. However, among those
aged < 40 years, men had a higher preva-
lence of risk factors compared with wom-
en of the same age, and among participants
> 50 years, women had a higher prevalence
of all CVD disease risk factors, except for
low HDL-C and high TC/HDL as compared
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with men. Hypertension and high TC were
more prevalent in women in the 40–49-
years age group whereas high TG, high
LDL-C and low HDL-C were more preva-
lent in men of this age group.

Relationship between obesity and
cardiovascular disease
The relationship of obesity to CVD disease
risk factors is presented as odds ratios for
men and women in Table 2, controlling for
confounding variables such as age, smok-
ing habits and educational levels.

Compared with non-obese men, obese
men had a higher chance of being hyper-
tensive (OR = 2.80) and having high TG
(OR = 1.76), low HDL-C (OR = 1.73),
high TC (OR = 1.55) and high LDL-C (OR
= 1.36). Men suffering from abdominal
obesity (high waist-to-hip ratio) had higher

odds for high TC (OR = 1.31), high TC/
HDL-C (OR = l.57) and hypertension (OR
= 1.45). High waist-to-height ratio was as-
sociated with higher risk of having high
TC/HDL-C (OR = 2.31), high TG (OR =
1.86), high LDL-C (OR = 1.77), high TC
(OR = 1.54) and low HDL-C (OR = 1.39).

Compared with non-obese women,
obese women had a higher chance of hav-
ing all CVD disease risk factors, of which
high TG and high TC/HDL-C were the
most evident (Table 2). Women with cen-
tral obesity (high waist-to-hip ratio) had
higher odds for having high TG (OR =
1.80), low HDL-C (OR = 1.56) and high
TC/HDL-C (OR = l.53). Women with high
waist-to-height ratio had a greater chance
of being hypertensive (OR = 2.20) and hav-
ing high TG (OR = 1.68), high TC (OR =
1.59) and high LDL-C (OR = 1.46).

Table 1 Mean body mass index, waist circumference, waist-to-hip ratio and waist-
to-height ratio by sex and age categories in the Tehran Lipid and Glucose Study

Age group No. of Mean (SD) values
(years) subjects BMI Waist Waist-to- Waist-to-

(mg/kg2) circumference hip ratio height ratio
(cm)

Men
20–29 762 24.0 (4.4) 81.5 (11.3) 0.85 (0.06) 47.0 (6.6)
30–39 957 25.9 (4.0) 87.5 (10.8) 0.90 (0.06) 51.0 (6.3)
40–49 708 26.1 (3.8) 89.7 (10.3) 0.92 (0.06) 52.9 (6.1)
50–59 569 26.5 (3.8) 91.8 (10.4) 0.94 (0.06) 54.7 (6.2)
60–70 626 26.2 (3.7) 92.3 (10.5) 0.95 (0.06) 55.5 (6.2)
All 3622 25.7 (4.1) 88.2 (11.4) 0.91 (0.07) 51.9 (7.0)

Women
20–29 1208 24.1 (4.5) 77.8 (11.0) 0.77 (0.06) 48.8 (7.0)
30–39 1324 27.2 (4.6) 85.1 (11.1) 0.81 (0.07) 54.0 (7.2)
40–49 1040 29.4 (4.7) 91.6 (11.6) 0.85 (0.07) 58.6 (7.5)
50–59 818 29.6 (4.6) 94.9 (10.8) 0.89 (0.07) 61.4 (7.1)
60–70 635 28.7 (4.5) 95.0 (11.1) 0.91 (0.07) 62.3 (7.3)
All 5025 27.5 (5.0) 87.5 (13.0) 0.83 (0.08) 56.0 (8.8)

BMI = body mass index.
SD = standard deviation.
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Figure 1 Prevalence of cardiovascular disease risk factors by sex and age categories for 3622
men and 5025 women in the Tehran Lipid and Glucose Study (TC = total cholesterol; TG =
triglycerides; LDL-C = low-density lipoprotein cholesterol; HDL-C = high-density lipoprotein
cholesterol)

Age group (years)
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Discussion

The present study, conducted in an urban
population of Tehran, showed a high preva-
lence of CVD disease risk factors and a
positive association of these with obesity.
In this study, the prevalence of obesity in
men was nearly 15%, which was similar to
the prevalence reported from Hakimieh dis-
trict of north-east of Tehran [17] and the
rural areas of Tehran [18] but higher than
that reported from rural areas of Zanjan
(north-west of the country) [19]. Nearly
30% of women in this study were obese, a
rate higher than rural areas of Zanjan [19]
and lower than that of Hakimieh [17] and
the rural areas of Tehran [18]. The total

prevalence of overweight and obesity in
our population was 63.3%, which shows
the increasing trend of overweight and obe-
sity in Tehran compared with previous re-
ports from this city [20,21].

In the present study, 20% of men and
23% of women were hypertensive and the
prevalence of hypertension increased with
age. In some studies in the Islamic Repub-
lic of Iran the prevalence of hypertension
was different from our study [22–24]. The
prevalence in our study is also higher than
that reported in Eastern Mediterranean
countries [25] and is approximately equal
to the prevalence of American [13] and Eu-
ropean [26] countries. This difference may
be due to the age of the subjects and envi-

Table 2 Odds ratio for cardiovascular disease risk factors according to obesity indices in men
and women

Risk factor Odds ratio (95% CI)
BMI (mg/kg2) Waist Waist-to- Waist-to-

circumference hip ratio height ratio
(cm)

Men (n = 3622)

Hypertension 2.80 (1.88–4.16)** 1.09 (0.80–1.49)  l.45 (1.03–2.03)* 1.15 (0.77–1.71)

High TC 1.55 (1.13–2.12)** 0.95 (0.74–1.20) 1.31 (1.04–1.65)* 1.54 (1.18–2.20)**

High TG 1.76 (1.28–2.40)** 1.08 (0.85–1.38) 1.80 (1.43–2,26)** 1.86 (1.42–2.43)**

High LDL-C 1.36 (1.00–1.85)* 0.80 (0.63–1.01) 1.19 (0.94–1.50) 1.77 (1.35–2.32)**

Low HDL-C 1.73 (1.25–2.39)** 0.93 (0.73–1.20) 1.25 (0.98–1.58) 1.39 (1.05–1.82)*

High TC/HDL-C 1.31 (0.81–2.14) 1.00 (0.66–1.51) 1.57 (1.13–2.18)** 2.31 (1.57–3.39)**

Women (n = 5025)

Hypertension 2.47 (1.79–3.41)** 0.95 (0.63–1.43) 1.11 (0.82–1.50) 2.20 (1.34–3.61)

High TC 1.66 (1.32–2.10)** 1.03 (0.78–1.30) 1.08 (0.88–1.32) 1.59 (1.19–2.33)**

High TG 2.58 (2.05–3.26)** 0.97 (0.73–1.29) 1.80 (1.46–2.22)** 1.68 (1.23–2.29)**

High LDL-C 1.41 (1.13–1.77)** 0.97 (0.74–1.27) 1.08 (0.88–1.32) 1.46 (1.10–1.94)**

Low HDL-C 1.92 (1.54–2.40)** 1.19 (0.91–1.57) 1.56 (1.28–1.91)** 0.91 (0.68–1.21)

High TC/HDL-C 2.58 (2.03–3.27)** 1.00 (0.86–1.48) 1.53 (1.25–1.87)** 1.20 (0.91–1.58)

*P < 0.05; **P < 0.01 versus normal subjects.
CI = confidence interval.
TC = total cholesterol; TG = triglycerides; LDL-C = low-density lipoprotein cholesterol; HDL-C = high-density
lipoprotein cholesterol.
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ronmental and cultural conditions. More-
over, the sample size used in the present
study is larger than previous studies. There
is a wide range of prevalence of hyperten-
sion in other reports in the Islamic Republic
of Iran. Many factors such as heredity, en-
vironment, intake of sodium, calcium and
other ions, salt sensitivity, renin levels and
insulin resistance have long been assumed
to be important in the genesis of hyperten-
sion [27]. The higher prevalence in this
study compared with previous studies may
also be attributed to recent socioeconomic
changes in our country.

This study showed a high prevalence of
dyslipidaemia in a Tehran population. Fifty
per cent of men had high TC and 50% had
high TG. The prevalence of these 2 risk
factors was 55% and 42% in women re-
spectively. The prevalence of high LDL-C
was 49% for men and 51% for women and
that of low HDL-C was 63% and 36% re-
spectively. Using different cut-off points in
this study makes it difficult to compare the
results with those of other studies. Previ-
ous results obtained from the Tehran Lipid
and Glucose Study [28], however, showed
that lipid disorders in Tehran were more
prevalent than in Turkey [29], Canada [30]
and England [31]. This may be attributed to
lifestyle changes in the Tehran population,
such as better availability of food, increas-
ing consumption of high fat foods and low-
er levels of physical activity.

Assessing the risk for the presence of
major CVD risk factors in adults, especially
young adults, is of particular importance
since it allows us to easily identify those at
high risk for development of clinical CVD
later in life. In this context, anthropometric
measurements that provide obesity indices
such as BMI, waist circumference, waist-
to-hip ratio and weight-to-height ratio are
useful non-invasive methods of obtaining
information on CVD risk. The results of

this study showed that all anthropometric
indices used, except for waist circumfer-
ence, were related to higher levels of CVD
disease risk factors.

The lack of association of waist cir-
cumference, which showed no relationship
with CVD risk factors either in men or
women, may be attributed to the site of
waist measurement, because past research
has showed that the location of waist mea-
surement affects the relation of central
obesity to CVD risk factors [32,33]. In this
study, waist circumference was measured
at the point of noticeable waist narrowing,
which may have resulted in lower waist
circumference values than might be ob-
tained using other common sites of mea-
surement. The WHO Expert Committee on
Physical Status recommend measurement
at a point midway between the lower rib
and the iliac crest [34]; however, the Na-
tional Health and Nutrition Examination
Survey guidelines recommend a point just
above the right ileum [35], and the North
American Association for the Study of
Obesity and the National Heart, Lung and
Blood Institute recommend the right iliac
crest [36]. The lack of an international
standard for waist circumference measure-
ments is unfortunate, and makes compari-
son with other studies difficult. We believe
that the waist measurement at the narrow-
est point offers greater ease of acceptance
and interpretation by the public and may
facilitate self-measurement in addition to
clinical use. Another explanation for the
lack of relationship between waist circum-
ference and CVD risk factors in the present
study is the complex relationship between
anthropometric indices and lifestyle-related
factors such as smoking and physical ac-
tivity. In this study, the effect of smoking
was controlled, but physical activity, which
was not assessed, remains a confounding
variable. The other possibility is that the
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power of waist circumference for predict-
ing disease risk is population-dependent
[37] and could vary from race to race [38].

Our findings of a relationship between
obesity (high BMI, high waist-to-height ra-
tio and high waist-to-hip ratio) and CVD
disease risk factors (hypertension, choles-
terol and triglycerides levels) in the Islamic

Republic of Iran are in line with studies
from other countries [39–41]. This should
be kept in mind especially by Iranian health
policy-makers for the implementation of
appropriate interventions to curtail the ris-
ing trend of obesity and cardiovascular dis-
ease.
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