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Abstract
BACKGROUND: Atherosclerosis is one of the leading causes of mortality all around the world.
Obesity is an independent risk factor for atherosclerosis and cardiovascular diseases (CVD). In this
respect, we decided to examine the effect of the subgroups of weight on cardiovascular risk factors.
METHODS: This cross-sectional study was done in 2006 using the data obtained by the Iranian
Healthy Heart Program (IHHP) and based on classification of obesity by the World Health
Organization (WHO). In this study, the samples were tested based on the Framingham risk
score, Metabolic Measuring Score (MMS) and classification of obesity. Chi-square and ANOVA
were used for statistical analysis.
RESULTS: 12514 people with a mean age of 38 participated in this study. 6.8% of women and
14% of men had university degrees (higher than diploma). Obesity was seen in women more
than men: 56.4% of women and 40% of men had a Body Mass Index of (BMI) ≥ 25 Kg/m2. 13%
of the subjects had FBS > 110 and13.9% of them were using hypertensive drugs. In this study, we
found that all risk factors, except HDL cholesterol in men, increased with an increase in weight.
This finding is also confirmed by the Framingham flowfigure for men and women.
CONCLUSION: One of every two Americans, of any age and sex, has a Body Mass Index of
(BMI) ≥ 25 Kg/m2. Obesity associated CVD and other serious diseases. Many studies have been
done in different countries to find the relationship between obesity and CVD risk factors. For
example, in the U.S.A and Canada they found that emteropiotic parameters, blood presser and
lipids increased by age(of both sexes). Moreover, another study done in China, which is a
country in Asia like Iran, shows that BMI has an indirect effect on HDL cholesterol, LDL
cholesterol and triglyceride. This data is consistent with the results of the current study.
However, In China they found that this relationship in men is stronger than women, but our
study reveals the opposite.
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Introduction

According to the studies in recent decades,
atherosclerosis is the main cause of mortality in
modern societies.1,2 In addition to diabetes and
impaired glucose tolerance (IGT), which are accepted
as the main cause of atherosclerosis, co morbidity of
some other factors such as hypertension,
hyperlipidemia, and blood glucose disorders can
increase the risk of atherosclerosis to several times

higher.3-7 The association of the above mentioned cases
with some factors such as obesity and increased BMI
(Body Mass Index) have been emphasized in certain
studies.8-10obesity is an indepent risk factor for CHD
and CVD events. Increased adipose tissue related to all
cause mortality 11-12 It seems that association of other
atherosclerosis risk factors with obesity has main ruls.
In fact, it seems that many health problems and
diseases would probably be more problematic if
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accompanied by obesity and increased BMI.13-15 Some
of these cases are also true based on studies conducted
in Iran and on the Persian race.16-18 However, by
considering all the current studies, it seems that the
correlation between various degrees of obesity and the
prevalence of different types of risk factors have not
clearly been identified either in Iran or in the world.19-21
Therefore, it was decided to compare various degrees
of weight with conventional cardiovascular risk factors
in an Iranian sample population in males and females.

Materials and Methods
The data of Isfahan Healthy Heart Program (IHHP)
were used in this cross-sectional study. The Healthy
Heart Program is a community-based interventional
program which has been underway since 2000 in
Isfahan, Najafabad and Arak, Iran.22

Data Collection

A questionnaire was completed for every participant,
including demographic characteristics and studied
medical history, by a general practitioner or a trained
nurse. In addition to medical examination, weight
measurement was done by the Seca scale in kilograms
and height with a standard tape. BMI was measured
through dividing weight by height squared (weight
(kg)/height squared (cm2). The height and weight of
the subjects were calculated while they wore
minimum amount of clothing and no shoes. Waist
circumference (WC) and hip circumference (HC) was
measured based on the proposed protocol of the
“National Study of Health and Nutrition Survey”.
Through dividing WC by HC, waist to hip ratio was
calculated. The study subjects were asked about their
medical history, such as history of cardiovascular
diseases or existence of current cardiovascular disease,
current drug consumption, menopause status, and
other alternative hormone therapies (in case they were
used by the women). Employment status and other
socio-demographic characteristics were asked through
a standard questionnaire.22,23

Physical Examination and Various test Methods

In this study our subjects groups were based on BMI

sub-groping classification (Table 1).
The risk factors of cardiovascular diseases were
measured based on strategies of the Adult Treatment
Panel Guidelines-III (ATP-III) and according to
different weight categories proposed by the World
Health Organization.24-26 The blood pressure of the
study subjects was measured through a mercury
barometer according to the American Heart
Association guidelines, according to which it was
averagely done two times with a 30 minute interval. 25
Thereafter, according to the contents of ATP-III, the
diagnosis of hypertension was considered as a mean
mm Hg
blood pressure equal or greater than
25,26
and/or taking antihypertensive drugs.
Measuring
the blood lipids level and/or measuring blood glucose
was done after a 12-hour fasting period and total
cholesterol, high density lipoprotein (HDL-C),
triglyceride (TG) and blood sugar were directly
measured by plasma. Thus, 5cc of blood was taken in
serum form and was collected with a mix of ethylene
diamine tetra acetic acid (EDTA) in order to count the
blood cells. Moreover, total serum levels of cholesterol
and triglyceride were determined by enzymatic methods
through Auto analyzer ELAN/2000. In addition, HDLC was determined by enzymatic methods similar to total
serum levels of cholesterol through heparin-manganese
precipitation procedure.22, 27,28
Cholesterol of low density lipoprotein (LDL-C) was
measured by the Freidewald Equation. According to the
guidelines of ATP-III, levels equal to or greater than 160
mg/dL were considered as high LDL.27,28 Provided that
fasting blood glucose was equal to or greater than 126
mg/dL and/or he/she was currently under the
treatment of diabetes (pill or insulin consumption), it
was diagnosed as diabetes and provided that their fasting
glucose was equal or greater than 100 mg/dL, it was
reported as impaired glucose tolerance test. Smoking
cigarettes and other types of tobacco were recorded
based on the subjects self-reporting.22

Table 1. Classification of various types of weight categories based on standards of WHO
Incidence* of various diseases risk (based on normal weight** and waist circumference)
men (102cm) ≤ 40
men (102 cm) > 40
Various obesity
BMI (Kg/m2)
women (88 cm) ≤ 35
women (88 cm) > 35
categories
Thin (under the
< 18.5
normal weight)
Normal weight
18.5 to 24.9
Overweight
25.0 to 29.9
Obesity

30.0 to 34.9
35.0 to 39.9

I
II

Increased much
Increased very much

Increased much
Increased very much

Excessive obesity
≥ 40
III
Increased excessively
Increased excessively
+ This table is related to the Methods section.
* By incidence of various diseases risk, in fact we meant Type II Diabetes, Hypertension and Coronary Heart Diseases.
** Increased waist circumference can be a sign for increased incidence of diseases even if their weight is normal.
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After collecting and completing the data in the
questionnaires, they were assessed through proposed
methods of ATP-III and BMI based on WHO
strategies and using the three following methods.24-26

Various methods for categorizing the study
subjects

A) Framingham scoring system B) Simple evaluation
method based on modifiable risk factors and C) An
evaluation system assessed according to the presence
or absence of measurement of the metabolic
syndrome (MMC).29-31
A: risk of hard heart events are estimated for the
next ten years, including acute myocardial infarction
and/or sudden death based on some variables like
total serum cholesterol, HDL-C, high systolic blood
pressure and soon.
In the present study, because diabetes is known as
an equivalent to CVD, the comorbidity mode was
deleted from the figures.32-34
B: They were divided into three categories
according to the recommendations of ATP-III:
B-1: Low risk people < 10% B-2: Medium risk
people 10%-20% and B-3: High risk people > 20%.
In this study, each of the male and female groups
was calculated in each three categories and then the
whole population was studied to determine their risk
of CVD based on different obesity categories and
obesity strategies.
C: Counting different types of risk factors:
Risk factors of CVD incidence which were
preventable and changeable by therapeutic methods
have been determined in the clinical trial designs. In
ATP-III strategies, it was determined that the
assessment and measurement of each of these risk
factors is a way in itself to determine the risk of CVD. It
was calculated by smoking (any type of tobacco smoking
during the past month), having hypertension based on
mm Hg and/or
blood pressure equal or greater than
receiving antihypertensive drugs, HDL-C lower than 40
mg/dL, fasting glucose between 110 to 125 mg/dL and
LDL-C equal or greater than 160 mg/dL.
It should also be noted that because age and
family history in CVD are highly variable and
unreliable items, we ignored them in this study.
D: Measurement of metabolic syndrome (MMC):
Because in the ATP-III protocol, it has been
specifically stated that the presence of metabolic
syndrome increases the risk of CVD, using ATP-III,
presence or absence of metabolic syndrome in both
men and women was separately determined based on
their BMI categories.30,31
In this study, metabolic syndrome could be
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diagnosed, if it had 3 out of the 5 of the following
features:
a: Abdominal adiposity a) as WC greater than 88
cm (35 inches) in women or greater than 102 cm (40
inches) in men b) Triglyceride equal to or greater than
150 mg/dL c) Fasting glucose equal to or greater than
100 mg/dL d) HDL-C less than 50 mg/dL and e)
mm Hg.
blood pressure equal or greater than
We should note again that in this study
“comorbidity” means interaction between presence of
both diabetes and CVD in the study subjects which
we deleted.

Statistical Methods

In this study, investigating the marital status and also
the correlation between gender and education,
different categories of obesity, employment status and
smoking were conducted through SPSS Software
version 15 by the chi-square method (χ2). In addition,
first the blood sugar level of the study subjects were
categorized and then we used χ2 method. We used
this method for evaluating hypertension (presence or
absence of blood pressure equal or greater than
mm Hg) separating each of the weight categories
according to sex.
ANOVA test was used in both sexes’ groups in
order to compare different weight levels for mean
systolic and diastolic blood pressure, HDL-C, LDL-C
and fasting blood sugar and age.

Results
Table 1 is the categorization table for obesity based
on reference of the WHO which was given in the
methods section of the essay. Table 2 shows
demographic characteristics of the study subjects. Of
the 12,514 people, there were 6342 females and 6087
males and the mean age of the two groups was close
to each other and it was approximately 38 years. In
the study population, 6.8% and 14.9% of women and
men respectively had higher education (higher than
high school graduation). Overweight and obesity were
more prevalent in women than in men.
Moreover, 1.3% of the study subjects had an FBS
greater than 110 and 13.9% of them had blood
mm Hg or received
pressure greater than
antihypertensive drugs (Table 2).
All the risk factors such as systolic and diastolic
blood pressure, FBS, LDL, TG, Total cholesterol and
WC increase both in men and women with increased
BMI and subsequently higher degrees of obesity.
These changes were not significant in HDL reduction
in men.
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those with two or more risk factors was reduced to
9.4% and on the contrary, the percentage of those
with one risk factor was increased to 48.4%.
Figure 1-b demonstrates a similar situation in
men. In this group, increased number of risk factors
was changed uniformly and in the obesity III group,
most of the subjects (41.67%) are those with two or
more risk factors. Moreover, in this figure the more
the BMI increased, the more the number of people
in
the
high
risk
category
increased
(Figures 1a and 1b).

Moreover, in figure 1-a, the frequency percentage
of preventable risk factors in women are shown based
on different contents of BMI in which 70% of those
with normal BMI had no risk factors but 27.3% of
women had one risk factor and 3.5% had two or
more risk factors.
An increase in BMI can also increase the
comorbidity of a number of risk factors; so that in
obesity II, 13.7% of the study subjects had two or
more risk factors and 42% had one risk factor.
However, in those with obesity III, the percentage of

Table 2. Demographic characteristics of the study population
Female
Male
37.82 ± 14.109
38.15 ± 14.92
Age
PERCENT
PERCENT
Higher education
6.8
14.9
Employed
5.8
79.9
Married
81.1
78.2
Smoker
0.9
28.1
Normal Weight
38.5
53.8
Overweight
34.4
31.5
Obesity I
17.1
7.4
Obesity II
3.8
0.9
Obesity III
1.1
0.2
FBS < 110
1.4
1.3
HTN* > 150/90 or taking
14.6
13.2
antihypertensive

Total

10.8
42.3
79.7
14.3
46.1
33
12.3
2.4
0.6
1.3
13.9

* HTN: Hypertension
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Figure 1-a. The frequency percentage of CVD incidence based on different BMI categories in women
CVD: Cardiovascular diseases; BMI: Body Mass Index
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Figure 1-b. The frequency percentage of CVD incidence based on different BMI categories in men
CVD: Cardiovascular diseases; BMI: Body Mass Index

In the above figures, the risk of suffering from
cardiovascular diseases in the next 10 years are shown
separately for men and women and it is indicated that
in the men’s group, by the increasing of obesity levels,
the number of high risk people are increased for
cardiovascular diseases However, in low and medium
groups, there was no significant difference between
obesity levels. There was also no significant difference
between BMI values in the women’s group (Figure 1-b).
In Figure 2, changes of various factors in
measurement of metabolic syndrome are illustrated in
different weight categories (BMI) for both sexes. As
indicated, increased BMI, both in men and women,
could increase the changes of various factors in the
incidence of metabolic syndrome (Figure 2 and Table 1).

Discussion
The present study demonstrated that all the cardiac risk

factors increased by an increase of BMI both in men
and women and the changes were only non-significant
for HDL-C reduction in men. Overweight and obesity
are two of the common health problems in modern
societies so that their prevalence has been increased
globally.32,33 According to recent studies, one out of
two American adults is obese or overweight. This
means that their BMI is higher than 25 and in fact this
statistic has increased by 5% compared with three
decades ago and this obvious value increase can be
seen in any age and sex.33,34 In addition, according to
other studies, excessive weight is associated with
increased cardiovascular events, type II diabetes
mellitus, hypertension, stroke, dyslipidemia and also
degenerative bone diseases (osteoarthritis) or increased
prevalence of some cancers. 35-37
Therefore, in the present study, we investigated the
cardiovascular events in different subcategories of the

%70.0

%64.1

%60.0
%53.1
%48.0

%50.0

%55.8
%50.0

%46.0

%40.0

Female

%32.6
%30.0

Male

%20.0
%10.8

%17.5

%10.0
%4.2
%0.0
Normal

Overweight

| Obesity

|| Obesity

||| Obesity

Figure 2. Prevalence of metabolic syndrome (MMS) based on different BMI categories in the study population
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society based on age and sex and by considering
different weight categories in different countries and
races. For instance, in a study in Canada, it was
determined that BMI in both men and women is
increased with aging and simultaneously systolic and
diastolic blood pressure also increased. Furthermore,
in a study in Canada, different parameters of lipids
increased without any correlation with sex and weight.
All the mentioned results were in accordance with the
present study.38-40
On the other hand, in a study in China, which is
an Asian country similar to Iran, it was indicated that
BMI changes had an inverse correlation with BMI
and HDL-C; but had a direct correlation with LDL-C,
Total cholesterol and TG. This was in accordance
with the findings of the present study. In the study
conducted in China, specifically BMI changes and
mean values of cardiovascular risk factors are slightly
more in men than in women.38,39 While such a result
was not seen in the present study by reviewing the
obtained results and changes figures based on
metabolic risk factors. However, by comparing the
China results with the results of the present study
which was calculating incidence risk of cardiovascular
events during the next ten years, we found similar
results. However, it should be noted that diabetic
patients were excluded from the present study and
those were studied who had impaired FBS but had no
history of diabetes and this item also increased with
increased BMI. Moreover, in the study of Frank et al.
about the association of diabetes mellitus with
abdominal adiposity in old women, there was also a
direct correlation between incidence of diabetes and
increased weight which was in accordance with the
present study.37-42
According to some studies in Iran in which
overweight and obesity were considered as a unit
without any classification, it was indicated that
increased BMI was seen in both sexes. It was
particularly observed more among young women than
men.18,19,40,42
According to another study, there was also no
overweight and obesity classification, it was indicated
that changes of blood pressure, diabetes, increased
total cholesterol, and TG and decreased HDL-C were
significantly different for those with overweight and
obesity compared with normal weight people.16,23 All
the above items are in accordance with the present
study. In addition, weight specifically increased LDLC and we also found a similar result. In the above
mentioned study, it was indicated that mean values of
different blood lipids, FBS and mean blood pressure
of the study subjects with normal weight was different
to those with obesity and/or high weight, which was

also in accordance with the present study. However,
in previous studies, there was also a correlation
between overweight and obesity, with hypertension
and changes of blood lipids, which was in accordance
with the present study.19,41
In the present study, although different categories
of overweight and obesity were reviewed with CVD
risk factors, we only considered BMI. While perhaps
it would have been more appropriate if we had
investigated WC, HC and WHR too. In addition, we
only assessed mean years of education and their mean
age and further studies are recommended to review
the effect of different ages and different educational
grades on weight.
According to the researchers conducted by the
Third National Health and Nutrition Examination
Survey (NHANES III) during 1994-1998, it was
determined that the prevalence of obesity is increasing
for both sexes of any age.42-46 Moreover, according to
the studies of Siidiro Poulus et al, coronary artery
diseases and different items resulted from it such as
stroke or peripheral vascular injuries are specifically
associated with obesity.31 In other words, according to
the statements of the American Heart Association,
obesity is a major and controllable risk factor for CVD
so that high weight is a predicting risk factor for
probable existence of atherosclerosis and can have
effect on its classic risk factors.42-44 In fact, increased
relative risk of CVD in various weight categories can
particularly be seen, this was also seen in the present
study.8,45,46 It has been announced that risk of fatal and
nonfatal cardiovascular events in men in their middle
ages will increase to 72% if their BMI is between 25 to
29 Kg/m2. In the present study, history of diabetic
diseases co morbidity with CVDs was removed.
However, reviewing the figures related to the 10-year
risk of cardiovascular events showed that an increased
risk of CVD is associated with increased blood sugar,
but this was not observed in women. However, given
that the increasing prevalence of obesity and also the
direct and indirect association of being overweight with
many conventional cardiovascular risk factors, all the
general practitioners and expert physicians should be
trained about obesity, and its relevant items and risks
should be identified properly and accurately.
Particularly for general practitioners who have a limited
and certain amount of time in frequency of
examinations for each patient.
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