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Abstract
Objective:7RLQYHVWLJDWHWKHDVVRFLDWLRQEHWZHHQREHVLW\LQGLFHVDEGRPLQDOIDWGLVWULEXWLRQDQGOLSLGSUR¿OHLQSDWLHQWVZLWKVWDEOHDQJLQD
(SA).
Methods: Body weight, height, waist circumference (WC), body mass index (BMI), and waist /height ratio (WHtR) of 123 patients with
SA who underwent coronary angiography were measured. Fasting blood samples were taken to measure the levels of fasting blood sugar
(FBS), total cholesterol (TC), low- and high-density lipoprotein cholesterol (LDL-C, HDL-C), apolipoproteins A and B (apo A and apo B),
and triglycerides (TG). According to angiography reports, the participants were divided into patients with or without coronary heart disease
&+' $OOSDWLHQWVXQGHUZHQWDQDEGRPLQDOFRPSXWHUL]HGWRPRJUDSK\ &7 VFDQWRPHDVXUHWKHYLVFHUDOVXSHU¿FLDODQGGHHSVXEFXWDneous fat.
Results: The mean ages of the patients with CHD (n = 73) and without CHD (n = 50) were 50.5 ± 7.6 and 53.7 ± 7.6 years, respectively
3  7KHSDWLHQWVZLWK&+'KDGVLJQL¿FDQWO\KLJKHUOHYHOVRI7&7*DQGVXSHU¿FLDOVXEFXWDQHRXVIDWZKLOHWKHSDWLHQWVZLWKRXW
&+'KDGKLJKHUOHYHOVRIDSR$ 3 0XOWLYDULDWHDQDO\VHVVKRZHGDVLJQL¿FDQWDVVRFLDWLRQRIYLVFHUDOIDWZLWK7&/'/&7*DQG
DSR%LQWKHSDWLHQWVZLWKRXW&+'ZKLOHVLJQL¿FDQWLQYHUVHDVVRFLDWLRQVZHUHIRXQGEHWZHHQ:&DQG+'/&:+W5DQGDSR$DVZHOO
as visceral fat and LDL-C in the patients with CHD.
Conclusions: Among anthropometrics and imaging indices of obesity, WC and WHtR have shown better association between central
obesity with dyslipidemia in the patients with CHD, while CT-measured visceral adipose tissue area was the best correlate of dyslipidemia
in the patients without CHD.
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index as a predictive tool for obesity-related metabolic alterations.10–11
Body composition and the distribution of adipose tissue have
oronary heart disease (CHD) has emerged as a global
health-threatening problem.1 Many metabolic and physical now emerged as critical issues in assessing the link between obeULVNIDFWRUVKDYHEHHQLGHQWL¿HGIRUWKLVFKURQLFFRQGLWLRQ sity and metabolic adverse outcomes;12–14 for instance, in some
studies waist circumference (WC) and the waist/height ratio
including dyslipidemia, obesity, and their interactions.2–6
Obesity level has been assessed using various methods. Body (WHtR) were found to be imprecise measures of fat distribution
PDVV LQGH[ %0,  KDV D FRQ¿UPHG YDOXH LQ SUHGLFWLQJ RYHUDOO in CHD patients.15–16 Moreover, there is a controversy about the
obesity and was used by the World Health Organization (WHO) respective contribution of visceral and subcutaneous body fat, and
WRGH¿QHREHVLW\FDWHJRULHV7 However, in various national studies their relative impact on the development of CHD.17–18
3UHYLRXV VWXGLHV HVWDEOLVKHG D OLQN EHWZHHQ OLSLG SUR¿OH DQG
and populations, the predictive value of BMI has become ambiguous in recent years.8–10 On the other hand, in a number of studies, CHD; however recent studies reported the different effect of varipatients with normal BMI values have shown excessive central ous kinds of dyslipidemia and apolipoproteins on CHD based on
IDWDFFXPXODWLRQVD¿QGLQJZKLFKXQGHUVFRUHVOLPLWDWLRQVRIWKLV different obesity indices. Furthermore, the dependent or indepenGHQWUROHRIOLSLGSUR¿OHLQGHYHORSLQJ&+'LVTXHVWLRQDEOH19–21
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Subjects and Methods
Study population
This cross-sectional study was performed in Isfahan Cardiovas-
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cular Research Center (a WHO-Collaborating Center) on 123 patients with SA who underwent coronary angiography. SA is a typical angina pectoris brought on by exertion and relieved by rest or
the use of nitroglycerin.22 The patients were 35 – 75 years old and
were consecutively referred for the evaluation of their chest pain
in 2008. Before performing the angiography, the patients who
agreed to participate signed an informed consent. Demographic
data as well as the medical and drug consumption history of the
patients were collected using a questionnaire. Patients with a history of chronic renal failure, chronic or acute hepatitis, congenital
and valvular heart diseases, myocardial infarction, heart failure,
and pregnant women were excluded. Participation to any weight
reduction program (including diet) was also considered among
exclusion criteria. This study was reviewed and approved by the
Ethical Committee of Isfahan Cardiovascular Research Center.
Anthropometrics and laboratory data measurements
The patients’ weight and height were measured while they were
wearing light indoor clothing without shoes. BMI was calculated
as weight (in kg) divided by the square of height (in meter); horizontal tape measures at the umbilical level (1cm above the navel)
were used for determining waist circumference (WC).15
Systolic blood pressure (SBP) and diastolic blood pressure
'%3 ZHUHPHDVXUHGWZLFHZLWK¿YHPLQXWHVLQWHUYDOVXVLQJD
standard mercury sphygmomanometer in a quiet and comfortable
room; the mean of both SBP and DBP measurements were used
for analyses.
On the morning of catheterization, blood samples were taken
after 12 hours of fasting for measuring total cholesterol (TC),
triglycerides (TG), high-density lipoprotein (HDL-C), low- density lipoprotein (LDL-C), and apolipoproteins A and B (apo A,
and apo B). Measurement of TC, TG, HDL-C, and LDL-C levels
was carried out by the enzymatic method. Immunoturbidimetric
method was used to measure the levels of apo A and apo B. Pars
Azmoon Kits accredited by Bioactiva Dignostica (Germany) was
used for all the above- mentioned biochemical measures.
+\SHUWHQVLRQZDVGH¿QHGDVD6%3DQGRU'%3DWRUDERYH
PP+JRUUHFHLYLQJDQWLK\SHUWHQVLYHGUXJV/'/&PJ
G/RU+'/&PJG/LQPDOHDQGPJG/LQIHPDOHRU
7*PJG/ZHUHFRQVLGHUHGDVG\VOLSLGHPLDIRUERWKVH[HV23

ages and the averages were used for analysis.25
Statistical Analyses
Statistical analyses were carried out using SPSS software (version 15.0, Chicago, IL, USA). Unpaired Student t-tests were used
for comparing continuous variables. To evaluate the possible corUHODWLRQEHWZHHQERG\IDWGLVWULEXWLRQLQGLFDWRUVDQGOLSLGSUR¿OH
PHDVXUHV 3HDUVRQ FRUUHODWLRQ FRHI¿FLHQWV ZHUH XVHG DV WKH DVsociation of different measures of body fat distribution (A) was
separately evaluated with TC , LDL-C, HDL-C, TG, apo B, and
apo A in age and sex adjusted models, as well as full adjusted
PRGHOV K\SHUWHQWLRQ>KLVWRU\RIKLJKEORRGSUHVVXUH^6%3
RU'%3`DQGRUXVLQJDQ\K\SHUWHQVLYHGUXJV G\VOLSLGHPLD
KLVWRU\RIG\VOLSLGHPLDDQGRU7&DQGRU7*DQGRU
/'/&DQGRU+'/&LQPHQDQG 

Results

One hundred and twenty- three patients with SA who underwent angiography (age 35 – 75 years) were enrolled in the study.
Among the participants, 55% and 58.8% were females in the
CHD- positive and -negative groups, respectively. The mean age
of the CHD- positive and -negative groups were 50.5 ± 7.6 and
53.7 ± 7.6 years, respectively (P = 0.03). Characteristics of the
study population are presented in Table 1. The patients with CHD
KDGVLJQL¿FDQWO\KLJKHUOHYHOVRI7& 3 7* 3  
DQGVXSHU¿FLDOVXEFXWDQHRXVIDW 3 7KHSDWLHQWVZLWKRXW
&+'KDGDVLJQL¿FDQWO\KLJKHUOHYHOVRIDSR$ 3  
As shown in Table 2, in patients without CHD, visceral fat correlated positively with LDL-C, TG, and apo B levels, and inversely
with HDL-C levels. In patients with CHD, WC was inversely
correlated with HDL-C and apo A levels. Furthermore, visceral
fat inversely correlated with apo B level. In patients with CHD,
&7PHDVXUHG YLVFHUDO DGLSRVH WLVVXH DUHD ZDV VLJQL¿FDQWO\ DQG
positively associated with TC and LDL-C , TG, and apo B levels.
A negative association was observed between visceral adipose tissue area and HLD-C levels.
Adjusted correlations between adiposity measures and blood
OLSLGSUR¿OHYDULDEOHVDUHVKRZQLQ7DEOH9LVFHUDOIDWDUHDZDV
associated with TC, LDL-C, TG, and apo B levels and inversely
associated with HDL-C level in patients without CHD indepenDetermination of coronary artery involvement and body composition GHQWRIDJHDQGVH[)XUWKHUPRUHLQWKLVJURXSVXSHU¿FLDOVXEFXCoronary angiography was carried out by left-heart catheteriza- taneous fat was associated with LDL-C level after adjustment for
tion and arteriography using Judkins method,24 and then two car- age, sex, and dyslipidemia. Also, WHtR was inversely associated
GLRORJLVWVVHSDUDWHO\UHYLHZHGWKHDQJLRJUDSK\¿OPVDQGLIWKH\ with HDL-C only in the second step of data analysis.
ZHUHDJUHHGRQWKHVWHQRVLVRIDQ\RIFRURQDU\DUWHULHVWKH
In patients with CHD, WC was inversely associated with HDLpatient was considered as CHD-positive. According to angiogra- C and apo A levels; in addition WHtR was inversely associated
phy reports, the patients were divided into two groups; patients with apo A level, and visceral fat was inversely associated with
with (n = 73) or without CHD (n = 50).
LDL-C level in both data analysis steps. Visceral fat was inverseThree days after undergoing coronary angiography, each patient ly associated with HDL-C level, when the effects of age and sex
underwent abdominal CT scan using a Philips Medical Systems were adjusted. WHtR was inversely associated with TC, and visCT (TOMO SCAN AV). With a collimation of 5mm and no over- ceral fat inversely associated with apo A only in the second step
lap, a scout view and four cuts tangentially at the distal of the L4 of data adjusting.
inferior end-plate were taken. Scan parameters were: 120kV, 250
P$VOLFHWKLFNQHVVPP¿HOGRIYLHZPPZLQGRZZLGWK
Discussion
500, window center: 40. Images were transferred to the DICOM
(Digital Imaging and Communications in Medicine) workstation,
$PRQJ WKH ERG\ IDW GLVWULEXWLRQ LQGLFDWRUV VXSHU¿FLDO VXEFXand analyzed with freeware ImageJ software version 1.36. Adi- taneous fat level was higher in patients with CHD compared to
pose tissue area was measured in mm2 in different compartments. those without CHD. In addition, TC and TG levels were higher
For each patient, the measurements were performed on four im- in this group. WC and WHtR were the only indicators of body fat
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Table 1. Background characteristics of the study population
Coronary
negative

Variable
BMI

*

Waist/height

heart

disease-

Coronary
positive

heart

disease-

Total

P- value

27.81 ± 0.39

28.87 ± 0.44

28.39 ± 0.30

0.740

0.619 ± 0.006

0.632 ± 0.007

0.626 ± 0.005

0.221

Waist(cm)

100.44 ± 0.94

101.48 ± 0.93

101.01 ± 0.66

0.436

Visceral fat

11538.46 ± 734.70

11612.21 ± 563.95

11584.91 ± 445.90

0.937

Deep SQ** fat

14112.81 ± 816.399

15279.005 ± 695.53

14847.36 ± 532.499

0.292

6XSHU¿FLDO64IDW

1111.97 ± 873.80

13620.63 ± 730.33

12694.32 ± 569.01

0.033

Total SQ fat

25230.79 ± 1543.64

28899.63 ± 1278.08

27541.68 ± 994.43

0.075

Total cholesterol (mg/dL)

180.56 ± 4.92

200.79 ± 4.54

191.29 ± 3.41

0.003

Triglycerides (mg/dL)

160.48 ± 10.05

196.89 ± 12.38

179.79 ± 8.18

0.024

HDL-C (mg/dL)

35.77 ± 1.15

32.89 ± 1.21

34.25 ± 0.84

0.366

LDL-C (mg/dL)

107.23 ± 3.42

115.83 ± 3.26

111.79 ± 2.37

0.710

Apo A(mg/dL)

148.31 ± 2.87

158.96 ± 2.74

153.96 ± 2.02

0.008

Apo B(mg/dL)

98.75 ± 3.09

106.51 ± 2.74

102.86 ± 2.07

0.610

*BMI: body mass index; **SQ: subcutaneous.

Table 2.$VVRFLDWLRQRIOLSLGSUR¿OHZLWKGLIIHUHQWPHDVXUHVRIIDWGLVWULEXWLRQLQWKHSDUWLFLSDQWVZLWKRUZLWKRXW&+'
Total SQ** fat

CHD positive

CHD Negative

CHD positive

CHD Negative

CHD positive

CHD Negative

CHD positive

CHD Negative

Total cholesterol(mg/dL)

0.002

0.10

-0.17

0.10

0.66

0.12

-0.12

0.34*

0.04

0.26

0.09

0.21

-0.01

0.26

LDL-C(mg/dL)

-0.03

0.06

-0.14

0.04

0.08

0.04

-0.19

0.35*

0.03

0.17

0.04

0.22

0.02

0.09

HDL-C(mg/dL)

-0.08

-0.01

-0.23*

-0.04

0.09

0.03

-0.20

-0.39*

-0.09

0.20

-0.04

0.23

-0.12

0.14

CHD positive

CHD Negative

Deep SQ fat

CHD positive

Sup SQ fat

CHD Negative

Visceral fat

CHD positive

Waist / Height

CHD Negative

Waist

¶

BMI

Variable

Triglycerides(mg/dL)

0.02

0.18

-0.01

0.16

0.02

0.19

0.15

0.37*

-0.01

0.10

0.00

-0.03

-0.04

0.23

Apo A (mg/dL)

0.002

0.01

-0.28*

-0.01

-0.03

0.06

-0.05

-0.11

0.09

0.19

0.20

0.14

-0.05

0.20

Apo B (mg/dL)

0.01

0.12

0.11

0.13

0.06

0.15

-0.07*

0.53*

0.03

0.21

0.05

0.19

-0.006

0.20

3YDOXH

6XEFXWDQHRXV Coronary heart disease.
¶

Table 3. Association of coronary heart disease, physical, and metabolic risk factors with different measures of body fat distribution

HDL-C (mg/dL)

Triglycerides (mg/dL)

Apo B (mg/dL)

Apo A (mg/dL)

.051

146*

.050

-.251*

.047

.057

-.172

.027

-.204

.026

.064

-.195

.045

-.221

.049

-.310*

CHD Negative

.066

CHD Positive

-.221

CHD Negative

CHD Negative

.063

CHD Positive

CHD Positive

-.108

106*

6XSHU¿FLDO64
Deep SQ fat
fat

CHD Negative

Adjusted

.063

Total SQ fat

CHD Positive

LDL-C (mg/dL)

CHD Negative

-.085

CHD Positive

-.113

Adjusted**

Visceral fat

CHD Negative

Adjusted

Waist/Height

CHD Positive

CHD Positive

-.072

Adjusted**
Total cholesterol (mg/dL)

Waist
CHD Negative

¶

BMI

-.230

.202

- .025

.363

.051

.336

-.064

.266

-.258

.216

-.016

.352

-.303*

.352*

-.013

.324

.050

.347

-.055

.255

-.019

.552*

-.005

.373*

.006

.368

-.019

.106

.563*

.021

.152

Adjusted **

-.148

-.158

-.265*

-.138

-.233

-.239

-.281*

-.437*

-.180

.040

-.130

.047

-.154

.024

Adjusted

-.106

-.192

-.242*

-.196

-.234

-.334*

-.230

-.425*

-.148

-.041

-.121

.052

-.119

-.084

Adjusted**

.033

.174

-.017

.158

-.016

.227

.192

.344*

.028

.113

.099

-.250

-.025

.267

Adjusted

-.016

.165

-.055

.152

-.038

.226

.148

.342*

.0005

.081

.094

-.242

-.055

.246

Adjusted**

-.022

.102

-.127

.107

-.149

.145

-.136

.501*

-.016

.265

.029

.273

-.039

.180

Adjusted

-.072

.105

-.172

.118

-.177

.165

-.182

.503*

-.024

.296

.025

.272

-.049

.226

Adjusted**

-.147

-.087

-.330*

-.085

-.309*

-.108

-.223

-.182

-.175

.054

-.026

-.103

-.212

.119

Adjusted

-.163

-.115

-.352*

-.133

-.330*

-.177

-.234

-.192

-.164

-.015

-.018

-.102

-.209

.039

3YDOXH¶Coronary heart disease; Adjusted”**: age and sex adjusted; Adjusted  history of high blood pressure and / or using any hypertensive medication, and /
RU6%3 and / or '%3KLVWRU\RIG\VOLSLGHPLDDQGRU7&DQGRU7*DQGRU/'/&DQGRU+'/&LQPHQDQGLQZRPHQZDVXVHG

Archives of Iranian Medicine, Volume 16, Number 3, March 2013 151

$EGRPLQDO)DW'LVWULEXWLRQ6HUXP/LSLGVDQG&RURQDU\+HDUW'LVHDVH

distribution that were associated with serum lipids in the patients
with CHD. Serum lipid levels of the patients without CHD were
only associated with CT-measured visceral fat.
In many studies such as the survey carried out by Lamon-Fava,
et al.26 BMI was considered as one of the CHD risk factors. However, more recent studies such as that of Romero-Corral, et al.11
showed that this index of obesity was not an independent CHD
predictor. In the current study, although the patients with CHD
had slightly higher BMI values compared to non-CHD patients,
WKLV GLIIHUHQFH GLG QRW UHDFK VWDWLVWLFDO VLJQL¿FDQFH DQG ERWK
JURXSVZHUHLQWKHRYHUZHLJKWFDWHJRU\7KLV¿QGLQJLVFRQVLVWHQW
with the results obtained by Romero-Corral, et al.112WKHU¿QGings of the present study showed that BMI is not associated with
serum lipids, which is in accordance with the study that reported
that BMI variation is independent of serum lipid levels in patients
with CHD.272WKHULQGLFDWRUVRIVSHFL¿FW\SHVRIREHVLW\LQFOXGing WC and WHtR were introduced as CHD risk factors have also
been considered.15 WC and WHtR of the patients with CHD were
DVVRFLDWHGZLWKOLSLGSUR¿OHYDULDEOHVLQRXUVWXG\7KLV¿QGLQJLV
in agreement with the study by Thomas, et al.28 which suggested
that obesity measurements which indicate visceral and subcutaneous abdominal obesity29 possibly interact with serum lipids in
CHD patients.
Our results show that serum lipid levels are associated with visFHUDOIDWLQWKHSDWLHQWVZLWKRXW&+'LQOLQHRI¿QGLQJVREWDLQHG
in the studies carried out by Rosito, et al.30 and Fax, et al.31 These
outcomes observed in their studies were obtained in normal populations. Nevertheless, we showed this association in the patients
without coronary artery involvement. In the patients with CHD,
visceral fat did not associate with the levels of serum lipids. By
reviewing other literature which evaluated this relationship in patients with acute MI32 and in patients with higher burden of artery
plaques,33 it was found that visceral fat was associated with the occurrence of acute MI only in female patients and this association
LVLQGHSHQGHQWRIOLSLGSUR¿OHV$OWKRXJKLQWKHFXUUHQWVWXG\ZH
did not evaluate the burden of plaque or coronary artery lesions,
RXU¿QGLQJVGLGQRWFRQÀLFWZLWKWKHUHVXOWVRIWKHDIRUHPHQWLRQHG
studies and showed that visceral fat probably does not associate
with coronary artery involvement in patients with CHD; this result is in accordance with those of two other studies which reportHGLQWUDWKRUDFLFDUWHU\FDOFL¿FDWLRQDVRQHRIWKHDWKHURVFOHURVLV
indicators which is associated with visceral fat and metabolic risk
factors.17,18
It is quite interesting that visceral fat was not different between
the CHD and non-CHD groups. It Could be because both subgroups are already at high risk of developing CHD when they
present with SA. The fact that both groups of patients were overweight and had a relatively high WC seems to support this notion. The difference of having CHD or not in this case would be
predicted, as we mention, by other factors not considered in the
DQDO\VHV$QRWKHULQWHUHVWLQJ¿QGLQJLVWKDWWKH&+'JURXSGHVSLWHKDYLQJVLPLODU RUQRQVLJQL¿FDQWO\KLJKHU YLVFHUDOIDWGRHV
have higher triglycerides. Thus, it could mean that the CHD group
has hypertrophic, hyperlipolytic adipose tissue compared to the
non-CHD group despite a similar (visceral) fat mass, suggesting
LQDELOLW\RIWKHLUDGLSRVHWLVVXHVWRKDQGOHGDLO\OLSLGÀX[HV7KLV
would in turn lead to high TG levels.
After the adjustment for history of hypertension and dyslipidemia, visceral fat was inversely associated with LDL-C level in
the patients with CHD. This may be due to statin consumption of
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the patients in the present study who were not excluded.
2XUUHVXOWVVKRZHGKLJKHUOHYHOVRIVXSHU¿FLDOVXEFXWDQHRXVIDW
in the patients with CHD, which is in agreement with the results
reported by Fox, et al. in 2009 and 2007.18,31 Nonetheless, lipid
SUR¿OHYDOXHVLQWKHSDWLHQWVZLWK&+'LQWKHFXUUHQWVWXG\ZHUH
QRWDVVRFLDWHGZLWKVXSHU¿FLDOVXEFXWDQHRXVIDWDUHD+HQFHWKH
UHODWLRQVKLSEHWZHHQVXSHU¿FLDOVXEFXWDQHRXVIDWDQG&+'PD\
be attributable to other risk factors, which we did not evaluate in
the present study, e.g., fasting blood glucose and blood pressure,
UDWKHUWKDQWKHOLSLGSUR¿OH7KHFRUUHODWLRQEHWZHHQVXEFXWDQHous fat area and fasting glucose or blood pressure has been reported in other studies.21
Limitations of our study include its small sample size, the crosssectional nature of the study, and the fact that patients who took
statins were not excluded from the study.
Among anthropometric measures and imaging indices of obesity, WC and WHtR measures of abdominal fat were related to lipid
SUR¿OHDOWHUDWLRQVLQWKHSDWLHQWVZLWK&+'ZKLOH&7PHDVXUHG
YLVFHUDO IDW SUHGLFWHG OLSLG SUR¿OH YDOXHV LQ QRQ&+' SDWLHQWV
Simple anthropometric indicators must be considered in the clinical evaluation of patients with coronary artery disease.
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