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Abstract
Recent observational studies have reported controversial results for the association between different anthropometric indices of
obesity and severity of atherosclerosis. The aim of the current study is to determine the associations between anthropometric indices
with severity of atherosclerosis in adult population in north of Iran.
The cross-sectional study was performed on 610 participants, who were admitted to a hospital for elective angiographyin Rasht,

Iran, Anthropometric indices, including waist circumference (WC), waist-to-height ratio (WHtR), conicity index (CI), body mass index
(BMI), and hematological factors, were measured using the standard methods. According to angiography reports, severity of
atherosclerosis was determined.
Sixty-two percent of participants had moderate to severe atherosclerosis. According to BMI, 44% were overweight and 25.8%

were obese. Based on WHtR and WC, 90%, and 57% were obese, respectively. The prevalence of moderate to severe
atherosclerosis in centrally obese women was significantly higher than in centrally nonobese women (52% vs 28% P=0.02).
According to multivariate adjustment analysis, age, sex, systolic blood pressure, hemoglobin A1c, uric acid, and triglyceride were
independently associated with severity of atherosclerosis. BMI, WC, CI, and WHtR had no significant association with severity of
atherosclerosis.
Our findings showed that anthropometric indices reflective of general and abdominal obesity were not independently related to the

severity of atherosclerosis in adults, in northern Iran.

Abbreviations: AVI = abdominal volume index, BMI = body mass index, CAD = coronary artery disease, CI = conicity index,
FBS = fasting blood sugar, HbA1c = hemoglobin A1c, HDLC = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein
cholesterol, TG = triglycerides, WC = waist circumference, WHtR = waist-to-height ratio.
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1. Introduction

Atherosclerosis, the principal cause of coronary artery disease
(CAD), is a complex phenomenon, which can be described as an
excessive fibro-fatty, proliferative, inflammatory response to
damage of the artery wall and involving several cell types.[1,2]

CAD is the leading cause of death worldwide.[3] The prevalence
of cardiovascular disease varies geographically and culturally. Its
incidence varies from culture to culture and country to
country.[1,4] Iran possibly has a higher burden relative to other
countries in this region.[4] Many risk factors have been identified
for CAD. Obesity, which refers to the excessive accumulation of
body fat, has been identified as a potential cardiovascular risk
factor for a long time.[5,6] Obesity often leads to a negative effect
on health and numerous studies have shown that it increases
morbidity and mortality.[7,8]

It is estimated that by 2030 up to 57.8% of adults in the world
would suffer from being overweight or obese.[9] Findings of a
national study emphasizes high prevalence of obesity among
population who live in different regions of Iran.[9] Body mass
index (BMI) is a technique that is used to classify general body
weight, widely.[10] Studies have shown that central body fat
distribution has more atherogenic properties than peripheral fat
distribution.[11] To measure central obesity, various indices have
been suggested; waist circumference (WC), and waist-to-height
ratio (WHtR) are regarded as the most popular indices.
Abdominal volume index (AVI) and conicity index (CI) have
also been introduced recently.[12] Studies confirm that ethnicity
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and geographic area can influence the association between
anthropometrics index and CAD. Based on recent studies, the
same anthropometric obesity measures cannot be used across all
ethnic groups and also, ethnicity should be incorporated into
cardiovascular assessment.[13,14]

Recent observational studies have reported differential
relationships between the different anthropometric indices of
obesity and risk for cardiovascular disease. However, it
remains undetermined whether anthropometric indices of
obesity are also associated with severity of atherosclerosis
and which anthropometric obesity measures are more strongly
associated with atherosclerosis in different ethnic groups or
geographic area.
A coronary angiogram is a diagnostic image and validated

biomarker of the anatomic extent of atherosclerotic disease
which uses dye and special X-rays to show the inside of coronary
arteries and severity of atherosclerosis. Because of the effect of
ethnicity and geographic area on the association between
anthropometric measures and cardiovascular disease, it is
necessary to examine the associations between anthropometric
indices reflective of general and abdominal obesity with severity
of atherosclerosis in adult population in the north of Islamic
Republic of Iran, a geographic area that has the high prevalence
of obesity and CAD.
2. Material and method

This cross-sectional study was performed on 610 participants,
age 20 to 75 years, who were admitted to a tertiary hospital in
Rasht (center of Guilan province in the north of Iran) because
they were chosen for elective angiography, between December
22, 2015 and April 20, 2016. The patients who were diagnosed
with renal or inflammatory diseases such as rheumatoid arthritis
were excluded from the study. All participants gave informed
consent for the study, which was approved by the Ethics
Committee of Guilan University of Medical Sciences. Trained
health care providers measured blood pressure. Both systolic and
diastolic blood pressure levels were measured using a gauge of the
right arm and after 15 minutes rest with a mercury sphygmoma-
nometer in a sitting position. Systolic blood pressure level more
than 140mmHg and diastolic blood pressure level more than 90
mm Hg were considered hypertension.
2.1. Anthropometric indices

To measure central obesity, WC, WHtR, and CI, and to
measure general obesity, BMI were regarded. Trained health care
providers measured anthropometric data, including weight,
height, WC. Before weight measurement, calibration of weighing
scales was performed with 5-kg weights. Moreover, the removal
of excess clothes and shoes was recommended to assure accurate
measurements.
BMI was calculated as weight (in kilogram) divided by height

squared (inm2). A BMI 25 or more is defined as overweight while
a BMI 30 or more is characterized as obese.
WC was determined, in duplicate, at the midpoint between the

lowest costal ridge and the upper border of the iliac crest. WC
was done with a nonstretchable and accurately calibrated scale
with 0.5-cm precision. In the event of a>2-cm discrepancy, then a
third measurement was performed and the average of the 2
nearest values was reported as WC. In men, a cutoff point of 102
cm, and in women, a cutoff point of 88cm were considered for
WC. Height was measured while the participants were standing
2

against a wall with their heels and buttocks in contact with the
wall. WHtR and CI were calculated using formulas. Cutoff point
of 0.5 was considered for WHtR,[15] and 1.25 was considered
for CI.[16]

WHtR=waist (cm)/height (cm)

Conicity index ¼ Waist circumference ðmÞ
0:109

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Weight ðkgÞ
Height ðmÞ

q

2.2. Coronary angiography

Coronary angiography was performed via femoral approach.
Angiograms were analyzed by 2 cardiologists. Severity of
atherosclerosis was estimated visually.
Angiograms with no visible atherosclerotic changes in the

coronary arteries were considered normal. Stenosis that reduced
the lumen diameter up to 50%, 50% to 70%, and more than
70% respectively was defined as mild, moderate, and severe
stenosis.
The presence of stenosis in 1, 2, or 3 of major coronary arteries

(left main, right coronary artery, left anterior descending,
circumflex) was respectively considered evidence of single, 2,
or 3-vessel coronary artery disease.
2.3. Blood measurements

A venous blood sample was drawn from each participant
following 12-hour fasting to assess fasting blood sugar (FBS),
hemoglobin A1c (HbA1c), triglycerides (TG), high-density
lipoprotein cholesterol (HDLC), low-density lipoprotein choles-
terol (LDL-C), total cholesterol, uric acid, and creatinine.
2.4. Statistical analyses

Continues and categorical data were described as mean (standard
deviation) or frequency (percent), respectively. In this study, we
categorized subjects into 2 groups including normal to mild and
moderate to severe atherosclerosis. The 2 groups were compared
using t test or x2 test. Multivariate logistic regression model was
used to estimate adjusted odds ratio with 95% confidence
interval for anthropometric indices. Those variables with a P
value less than 0.1 entered the multivariate adjusted model. The
model goodness of fit was assessed using area under the ROC
curve and Hosmer–Lemeshow statistic. All analyses were
performed using Stata 13.
3. Result

A total of 610 healthy individuals were included in the study. The
mean age of participants was 58.2 years (SD=9.1) andmore than
half of them (55%) were men. Of total, 381 subjects (62%) had
moderate to severe atherosclerosis. The frequencies of 1, 2, and 3-
vessel CAD were 24%, 20%, and 26% respectively.
According to BMI, 267 subjects (44%) were overweight (BMI

between 25 and 30) and 157 subjects (25.8%) were obese (BMI
≥30). Five hundred forty-eight subjects (90%) were obese based
onWHtR and 348 subjects (57%) were obese based onWC. The
mean of CI was 1.35 (SD=0.17). Table 1 shows description of
anthropometric indices according to sex. The mean of all
anthropometric measures in women is significantly higher than in
men. The distribution of participant characteristics, cardiovas-
cular disease risk factors, and anthropometric indices according
to severity of atherosclerosis is shown in Table 2. Participants



Table 1

Anthropometric indices of participants according to sex.

Total (610) Women (n=272) Men (n=338) P value

BMI, kg/m2 27.59 (4.8) 28.2 (5) 27 (0.16) 0.004
WC, cm 98.4 (13.8) 102.5 (13.4) 95.14 (13.3) 0.001
WHtR 0.6 (0.09) 0.64 (0.08) 0.56 (0.08) 0.001
CI 1.35 (0.17) 1.41 (0.16) 1.30 (0.16) 0.001

Variables are described as mean (standard deviation).
BMI = body mass index, CI= conicity index, WC=waist circumference, WHtR=waist-to-height ratio.

Table 2

Participant’s characteristics, cardiovascular risk factors, and
anthropometric indices according to severity of atherosclerosis.

Normal to mild
(n=229)

Moderate to
severe (n=381) P value

Age, yr 55.7 (9.6) 59.6 (8.4) 0.001
Sex (male) 95 (41) 243 (64) 0.001
Diabetes mellitus 68 (29.4) 163 (43) 0.001
Smoking 33 (14.2) 81 (21.3) 0.029
Place of living in city 122 (52.8) 218 (57.5) 0.25
Systolic blood pressure, mm Hg 122 (15) 126 (17) 0.003
No of vessels treated 0.29 (0.6) 2.1 (0.8) 0.001
Ejection fraction 0.001
<40% 33 (13.8) 110 (28.9)
40%–60% 191 (84.4) 260 (69)
>60% 4 (1.8) 10 (2.1)
History of heart disease 103 (45) 177 (47) 0.723
Total cholesterol, mg/dL 159 (39) 156.7 (41) 0.439
HDL cholesterol, mg/dL 44 (8) 43 (8) 0.222
Uric acid, mg/dL 4.94 (1.2) 5.22 (1.4) 0.020
Cr, mg/dL 1 (0.51) 1 (0.2) 0.54
HbA1c, % 6 (1.6) 6.8 (2) 0.001
Triglyceride, mg/dL 145 (79) 167 (111) 0.01
BMI, kg/m2 28 (5) 27 (4.5) 0.002
WC, cm 99.8 (14) 97.4 (13.8) 0.04
WHtR 0.61 (0.09) 0.59 (0.09) 0.03
CI 1.36 (0.17) 1.35 (0.17) 0.54

Variables are described as mean (standard deviation) or frequency (percent).
BMI = body mass index, CI= conicity index, Cr= creatinine, HbA1c = hemoglobin A1c, HDL=high-
density lipoprotein cholesterol, WC=waist circumference, WHtR=waist-to-height ratio.
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with moderate to severe atherosclerosis were older, more likely to
be men, had higher diabetes mellitus, smoking status, systolic
blood pressure, total serum cholesterol, and uric acid level and
lower HDL cholesterol level. In contrast, subjects with normal to
mild atherosclerosis had significantly higher BMI and WC.
Association between severity of atherosclerosis and central

obesity based on WC was different in 2 sexes. The prevalence of
moderate to severe atherosclerosis in centrally obese women was
significantly higher than in centrally nonobese women (52% vs
28% P=0.02). But there was no significant difference in
frequency of moderate to severe atherosclerosis and central or
general obesity in men (Fig. 1).
The results of multivariate adjustment model separately

adjusted for each of obesity measures are shown in Fig. 2A–D.
The models correctly classified 70% of patients. The area under
the ROC curve for the model classifying patients to moderate and
severe atherosclerosis was 0.75. Age, sex, and HbA1c were
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Figure 1. Comparison of the frequency of moderate to severe atherosclerosis based on categories of to body mass index (A), waist to height ratio (B), and waist
circumference (C) in 2 sexes.
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Figure 2. Association of obesity measures based on BMI (A), WC (B), CI (C), and WHtR (D) with moderate to severe atherosclerosis adjusted for covariates.
Abdominal obesity based on CI>1.25, abdominal obesity based on WC>102 in men and >88 in women, abdominal obesity based on WHtR>0.5, high uric acid
>7.5 in women and>8.5 in men. BMI = body mass index, CI = conicity index, SBP = systolic blood pressure, TG = triglyceride, WC =waist circumference, WHtR
= waist-to-height ratio.
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independently associated with severity of atherosclerosis. The
odds of moderate to severe atherosclerosis in men was about 4
times more than in women and also significantly increased with
age and HbA1c level. In multivariate adjusted analysis, the
obesity status based on BMI, WC, CI, and WHtR had no
significant association with severity of atherosclerosis.
The association between obesity and other covariates was

assessed using logistic regression analysis. Regarding obesity status
based on CI>1.25 andWC≥102 in men and ≥88 in women, only
the sex of participants was a significant predictor. For obesity
status based on BMI ≥30kg/m2, both sex and age were significant
predictors in that the women were more likely to be obese and the
odds of obesity based onBMIwas significantly decreasedwith age.
4. Discussion

In the present study, the odds of moderate to severe
atherosclerosis in men was about 5 times more than in women.
We found that BMI, WHtR, WC, and CI were not independently
related to the severity of atherosclerosis in healthy adults, in
Rasht, northern Iran. Conversely, age, sex, systolic blood
pressure, HbA1c, uric acid, and triglyceride were independently
associated with severity of atherosclerosis. The association
between WC and severity of atherosclerosis in our study was
dependent on sex. In women, WC was significantly related to the
severity of atherosclerosis. However the significant association
disappeared after multivariate adjustment of other risk factors.
Some results of our research are in agreement with previous

studies. The results of a cross-sectional study on 120 subjects who
underwent coronary angiography showed anthropometric
4

measurements can be used as practical tools for assessment of
metabolic risk in overweight or obese subjects but not as markers
of atherosclerosis.[17] In a study by Rallidis et al,[18] WC was not
an independent predictor of carotid plaques after adjustment for
cardiovascular risk factors in healthy individuals. A long-term
community-based epidemiologic study showed that no specific
differences in artery thickness were found between metabolic risk
groups in normal weight and obese adults classified by BMI and
WC. Their results implied that assessment of metabolic risk,
regardless of a person’s BMI or WC, can provide valuable
information concerning atherosclerosis status.[19]

Data from 1691 participants enrolled in the Coronary Artery
Risk Development in Young Adults Study aged 40 years or more
showed that in middle-aged adults, longitudinal changes in BMI
had the little independent influence on changes in 10-year
atherosclerotic cardiovascular disease risk scores as its effect may
be largely mediated through risk factors already accounted for in
the risk score.[20] WHtR indices could differ among sex and age
groups because whole-body fat distribution and WC change
considerably with age and also height differs among gener-
ations.[21] Two previous studies, in the United States and China,
reported that the association between WHtR and cardiovascular
disease was stronger among younger adults as compared with
elderly adults.[22,23]

Conversely, many studies had shown a positive association
between some obesity indices and atherosclerosis;examples are
positive association of BMI and WC with subclinical atheroscle-
rosis in Pokharel et al study,[24] and association of WHtR with
increased risk for coronary artery calcification progression in
Oh et al study.[25]
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Previous evidence showed that sex, race, ethnicity, and
geographic area can influence the association between anthro-
pometrics index and CAD and confirm that the same
anthropometric obesity measure cannot be used across all ethnic
groups.[13,19,26,27] The low rate of smoking in Iranian people,
especially in women, and the Islamic ban on alcohol consumption
can explain that body fat distribution in the study population
may be less dependent on the environmental factors. No
association between anthropometric indices of obesity and
coronary atherosclerosis in our study may be related to ethnicity
and racial influences. However, these findings need to be
confirmed in larger population based studies.
The present data indicated that based on all obesity indices,

women in Rasht were more likely to be obese than men. In a
previous study in Rasht by Maddah et al,[28] girls were more
likely to be overweight and obese than boys. It has been reported
that there is less social pressure for conforming to an ideal body
image in Iran.[28,29] Iran as an Islamic country is socially different
from Western countries. Such differences can be seen in the
dressing style of women in public and limited outdoor sport for
women. Such a social environment might have made Iranian
women less concerned about thinness and dieting.[29] More
studies are needed to address this hypothesis. This study suffers
from some limitations. The cross-sectional design of study
prohibits temporal assessment between obesity and severity of
atherosclerosis. In our study, we could not assess nonalcoholic
fatty liver disease as a consequence of the metabolic syndrome, in
which abdominal adiposity plays a key role. In addition, there
may be residual confounding from unmeasured confounders such
as economic status.
In conclusion, this study showed that anthropometric indices

reflective of general and abdominal obesity were not indepen-
dently related to the severity of atherosclerosis in healthy adults in
Rasht, northern Iran.
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