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Background: Despite efforts made by the medical community and public health officials for combating 76 obesity, the prevalence of 
overweight and obesity has increased over the past 20 years. 77 Obesity was associated with some cardiovascular risk factors and increased 
the incidence of 78 cardiovascular disease. Diagnosis of Coronary Artery Disease (CAD) in patients with obesity 79 will affect secondary 
prevention of the disease and management programs; for this reason it is 80 necessary to use a suitable method for determining obesity
Objectives: The current study aimed to investigate the relationship between some anthropometric indices and Coronary Artery Disease 
(CAD) risk factors and also to determine predictive factors of CAD among the indices.
Patients and Methods: This cross-sectional study was performed on 300 men and nonpregnant woman with CAD aged 18 - 60 years 
referred to Hazrate Rasool Hospital in Tehran, Iran. Anthropometric indices, including waist circumference, waist-to-height ratio, Neck 
Circumference (NC), body mass index and Abdominal Volume Index (AVI) and hematological factors were measured using the standard 
methods. According to angiography reports, the participants were divided into patients with or without CAD. To evaluate the possible 
correlations between anthropometric indices and CAD risk factors, Pearson correlation coefficients were used. The Receiver operating 
characteristic (ROC) curve was used to determine the sensitivity and specificity and the best cut-off point of anthropometric indices.
Results: The mean age of the CAD-positive group was 53.43 ± 4.96 years and the mean age of the CAD-negative group was 49.9 ± 6.83 years 
(P > 0.05). All of the anthropometric indices and cardiovascular risk factors were higher in the CAD-positive group, while there was a 
significance correlation between HDL-c (High-density lipoprotein) and these risk factors (P < 0.05). The area under the curve of AVI had the 
highest value (0.722) compared to other anthropometric indices. The results of multiple-regression analysis showed that NC was a better 
predictor of the risk of CAD compared to other anthropometric indices (P = 0.46, OR = 1.207 and CI = 1.004 - 1.451).
Conclusions: According to the results of the study, abdominal obesity is as a risk factor for atherosclerosis. Therefore, the use of a simple, 
low cost and high precision method for determining visceral obesity and preventing the CAD is warranted.
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1. Background
Despite efforts made by the medical community and 

public health officials for combating obesity, the preva-
lence of overweight and obesity has increased over the 
past 20 years (1). Obesity was associated with some car-
diovascular risk factors (2) and increased the incidence of 
cardiovascular disease (3). Diagnosis of Coronary Artery 
Disease (CAD) in patients with obesity will affect second-
ary prevention of the disease and management programs; 
for this reason it is necessary to use a suitable method for 
determining obesity (4, 5). Several methods exist to evalu-
ate weight gain and obesity. Body Mass Index (BMI) is a 
technique that is widely used to classify weight gain and 
obesity (6). However, the BMI did not show full measure 
of body fat (7, 8). As a limitation for BMI, normal range for 
this indicator, which has been introduced by the world 

health organization is widespread and many who are in 
this range may increase abdominal fat accumulation and 
increased risk for the disease (9). Since the central body 
fat distribution is more atherogenic properties than pe-
ripheral obesity, much attention has been focused on 
methods to measure central obesity. Fat deposits in the 
abdomen and central body releases free fatty acids into 
the peripheral blood flow and portal blood which can 
lead to insulin resistance in liver and muscle cells and 
increase release of triglyceride-rich lipoproteins and 
very low density from the liver and thus produce dense 
low-density lipoproteins (10, 11). Therefore, the Waist Cir-
cumference (WC) and Waist-to-Height Ratio (WHtR) are 
clinical tools that can be used for diagnosis of abdominal 
obesity (12). Although the majority of studies determine 
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that the WC is a better indicator of obesity than BMI (13-
16), this finding in Asian (17) studies and Pacific (18) is not 
approved and obesity indices that can predict the risk of 
cardiovascular disease remain as a controversial issue 
(19). Another indicator used in the evaluation of abdomi-
nal obesity is abdominal volume index that is defined by 
Guerrero-Romero and Rodriguez-Moran (20).

Although obesity and ectopic fat accumulation in the 
central of body are associated with many of the risk fac-
tors of coronary heart disease (21), studies have shown 
that increased upper body fat distribution increases the 
risk of cardiovascular disease, and Neck Circumference 
(NC) is considered as an indicator to measure these risk 
factors (22, 23). The report indicates that the release of 
free fatty acids from the subcutaneous fat of the upper 
body is higher than that in the lower body (24). Growing 
evidences from population studies hypothesize that peo-
ple who have a greater NC are at the higher risk of heart 
disease (25). Results from the Framingham Heart Study 
showed that NC rather than BMI index was independent-
ly associated with the risk of cardiovascular disease (26). 
However, the role of NC in predicting cardiovascular risk 
factors is not well-understood.

Since the anthropometric indices are seem easier, cheap-
er and more readily available than ultrasound techniques 
and limited studies were examined the relationship be-
tween obesity and atherosclerosis especially in Iran; the 
aim of this study was to investigate the relationship be-
tween some anthropometric indices and CAD risk factors 
and also to determine predictive factors among them. 

2. Objectives
The current study aimed to investigate the relationship 

between some anthropometric indices and Coronary Ar-
tery Disease (CAD) risk factors and also to determine pre-
dictive factors of CAD among the indices.

3. Patients and Methods
This cross-sectional study was performed on 300 pa-

tients with CAD referred to Hazrate Rasool Hospital in 
Tehran City, Iran during a 6-month period from July to 
December 2012. All patients with the inclusion criteria 
due to suspected ischemia underwent coronary angi-
ography were enrolled in the study. Inclusion criteria 
included accepting contributions, history of chronic 
stable angina, availability of previous medical history 
and physical examination.

Exclusion criteria included candidates for coronary an-
giography for reasons unrelated to CAD, patients with 
chronic heart failure, myocardial infarction or unstable 
angina and people who participate in weight loss pro-
grams or related drugs for weight loss and lipid lowering 
drugs. From a total of patients referred to angiography, 
350 patients were invited to participate in the study, of 
which 300 accepted the invitation and were enrolled in 
the study. The age range is between 18 - 60 years. At the 

first meeting with the patients, information on the ap-
plication and angiography, previous medical history and 
medications (such as weight loss drugs) were collected. 

Both systolic and diastolic blood pressure levels were 
measured using a gauge of the right arm and after 15 min-
utes rest with a mercury sphygmomanometer in a sitting 
position. Systolic blood pressure level less than 130 mm 
Hg and diastolic blood pressure level less than 85 mm Hg 
were considered as normal blood pressure.

3.1. Anthropometric Indices
Weight was measured by using a digital scale (Hanson, 

Watford, Hertforshire, England), with precision of 100 g 
and a coefficient of variation > 1%, without shoes with a 
thin coating. The standing height was measured as the 
four points of the body (heel, buttock, back and head) 
were in contact with the meter gauge, shoulders was 
relax, heels together and head was in the direction of 
Frankfurt. Body mass index was calculated by dividing 
weight in kilograms by square of height in meters. Waist 
circumference was measured horizontally halfway be-
tween the lower border of the rib cage and the iliac crest 
using a rubber measuring tape. Neck circumference was 
measured using the calibrated tape perpendicular to the 
axis of the neck just below the laryngeal prominence (27).

Abdominal Volume Index (AVI) was calculated from the 
following equation:

1) AVI=
�

2W C 2+ 0.7(WC−HC)2
�
× 1000

Fat mass was determined by Bioelectrical Impedance 
Analysis (BIA).

3.2. Blood Measurements
Blood samples were collected after overnight fasting. 

Triglycerides and lipoprotein levels were measured. To-
tal Cholesterol (TC), Fasting Blood Sugar (FBS), Triglycer-
ide (TG), HDL-C (High-density lipoprotein), LDL-C (Low 
density lipoprotein) and BUN (Blood Urea Nitrogen) and 
Creatinine (Cr) levels were determined by enzymatic pro-
cedures (Pars Azmon Kit, Tehran, Iran).

3.3. Coronary Angiography
Electrocardiogram (ECG) changes suggestive of CAD 

was defined as SD depression > 0.5 mm or T inversion > 
2 mm. The Judkins technique of angiography was per-
formed through the femoral artery and at least four views 
of the left coronary artery and two views of the right coro-
nary artery were obtained; CAD was defined as stenosis of 
more than 50% of the vessel lumen diameter.

3.4. Statistical Analyses
Statistical analyses were performed using SPSS soft-

ware version 18.0 (Chicago, Illinois, USA). An unpaired 
Student t-test was used to compare the continuous 
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variables. To evaluate the possible correlations between 
anthropometric indices and CVD risk factors, Pearson 
correlation coefficients were used. The ROC curve was 
used to determine the sensitivity and specificity and the 
best cut-off point of anthropometric indices. This test 
was used as a backup system in case that the target was 
determined the best diagnostic criteria. The best cut-off 
point of the test parameters was derived based on the 
Youden index. P < 0.05 is defined as the level of signifi-
cance for all statistical analyses.

4. Results
Three hundred patients (155 men and 145 women) with 

stable angina who underwent angiography (age 18 - 60 
years) were enrolled in the study. Of these participants, 
231 and 68 patients were in the CAD-positive and -nega-
tive groups, respectively. The mean age of the CAD-posi-
tive group was 53.43 ± 4.96 years and -the mean age of the 
CAD-negative group was 49.9 ± 6.83 years (P > 0.05). Char-
acteristics of the study population are presented in Table 
1. The patient with CAD had significantly higher levels of 
systolic blood pressure (P = 0.000), fasting blood glucose 
(P = 0.004) and LDL-c (P = 0.000). 

Table 2 shows the correlation among the variables be-
tween the two groups. As shown in Table 2, BMI, WC, 
WtHR, PBF (Percent of body fat) and NC were positively 

correlated with SBP. In patient without CAD only PBF 
was not correlated with SBP. In patient with CAD, BMI 
was positively correlated with SBP, DBP, LDL-c, TC.HDL-
c, LDL-c/HDL-c and INR (international normalized ra-
tio). In the CAD group WC was positively correlated 
with SBP, DBP, TC/HDL-c and LDL-c/HDL-c and negatively 
correlated with HDL-c. Waist to hip ratio in the CAD-
positive group was positively correlated with SBP, TG/
HDL-c, TC/HDL-c, LDL-c, and HDL-c. An inverse correla-
tion was found between WtHR and HDL-c. In the CAD-
positive group, PBF was positively correlated with SBP, 
FBS, Tchol, TG, TG/HDL-c, TC/HDL-c, LDL-c, HDL-c, INR 
and PT (Prothrombin time). In the CAD-positive group, 
NC indices were positively correlated with SBP, DBP, 
Tchol, TG, LDL-c, INR and PT and negatively correlated 
with TG and HDL-c.

Table 3 shows that the area under the curve of AVI has 
the highest value compared to other anthropometric in-
dices, while the lowest value belongs to waist to hip ratio.

As shown in Table 3, the waist to height ratio and NC 
were the most sensitive indicators while waist-to-hip ra-
tio had the lowest sensitivity.

The results of multiple regression analysis showed that 
NC is a better predictor of the risk of CAD compared to 
other anthropometric indices (P = 0.46, OR = 1.207 and 
CI = 1.004 - 1.451)

Table 1.  Characteristics of the Study Population a

Variables CAD Positive CAD Negative P Value

WC, cm 98.69 ± 9.19 91.99 ± 10.31 0.106

WtHR 0.59 ± 0.066 0.56 ± 0.057 0.534

PBF, % 33.37 ± 7.38 31.13 ± 6.74 0.166

BMI, kg/m2 30.76 ± 4.63 28.13 ± 4.88 0.805

NC, cm 39.68 ± 2.61 36.36 ± 3.07 0.010

AVI, cm 19.86 ± 3.59 17.32 ± 4.08 0.133

SBP, mmhg 149.92 ± 21.47 135.79 ± 16.26 0.000

DBP, mmhg 91.08 ± 56.12 79.39 ± 14.27 0.390

FBS, mmol/L 139.73 ± 56.03 113.47 ± 50.77 0.004

TC, mmol/L 180.63 ± 37.45 158.89 ± 34.72 0.145

TG, mmol/L 180.68 ± 75.42 159.70 ± 77.53 0.705

LDL-c, mmol/L 111.39 ± 26.74 91.17 ± 15.31 0.000

HDL-c, mmol/L 34.67 ± 8.79 36.66 ± 10.30 0.356

BUN, mmol/L 15.81 ± 4.26 13.16 ± 3.93 0.748

Cr, mmol/L 1.16 ± 0.26 0.95 ± 0.22 0.528

a  Abbreviations: AVI, Abdominal volume index; BUN, Blood urea nitrogen; BMI, Body mass index; CAD, coronary artery disease; Cr, Creatinine; DBP, 
Diastolic blood pressure; FBS, Fasting blood sugar; HDL-c, High density lipoprotein; LDL-c, Low density lipoprotein; NC, Neck circumferences; PBF, 
Percent of body fat; SBP, Systolic blood pressure; TC, Total cholesterol; TG, triglyceride; WC, Waist circumferences; WtHR, Waist to hip ratio.
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Table 2.  Correlation of the Variables Between the Two Groups a

Variables BMI WC WtHR PBF NC AVI

P b N c P N P N P N P N P N

SBP R d 0.385 0.352 0.260 0.345 0.184 0.355 0.234 0.055 0.290 0.360 0.251 0.317

P e 0.000 0.003 0.000 0.004 0.005 0.355 0.000 0.657 0.000 0.003 0.000 0.009

DBP r 0.538 0.000 0.186 0.453 0.090 0.457 0.077 0.032 0.291 0.429 0.167 0.446

P 0.000 0.001 0.005 0.000 0.173 0.000 0.244 0.793 0.000 0.000 0.011 0.000

FBG r 0.096 -0.054 0.036 -0.153 0.074 -0.165 0.181 -0.30 -0.021 0.114 0.034 -0.140

P 0.145 0.661 0.590 0.213 0.263 0.179 0.006 0.807 0.751 0.353 0.606 0.256

TC r 0.107 0.123 0.037 0.051 0.004 0.024 0.203 0.090 0.156 0.145 0.046 -0.049

P 0.105 0.318 0.571 0.680 0.953 0.843 0.002 0.464 0.018 0.238 0.488 0.690

TG r 0.038 0.502 0.024 0.446 0.052 0.385 0.251 0.186 -0.100 0.525 0.033 0.434

P 0.566 0.000 0.720 0.000 0.433 0.001 0.000 0.129 0.131 0.000 0.621 0.000

LDL-c r 0.167 0.201 0.079 0.178 -0.012 0.216 0.122 0.293 0.217 0.256 0.080 0.210

P 0.011 0.100 0.232 0.147 0.854 0.077 0.65 0.015 0.001 0.035 0.228 0.086

HDL-c r -0.112 -0.298 -0.224 -0.378 -0.224 -0.236 -0.121 -0.142 0.058 -0.470 -0.223 -0.382

P 0.091 0.014 0.001 0.001 0.001 0.053 0.066 0.247 0.380 0.000 0.001 0.001

TG/HDL-c r 0.092 0.610 0.115 0.460 0.161 0.460 0.280 0.245 -0.148 0.641 0.123 0.574

P 0.161 0.000 0.080 0.000 0.014 0.000 0.000 0.044 0.025 0.000 0.063 0.000

TC/HDL-c r 0.169 0.433 0.208 0.350 0.198 0.281 0.290 0.238 0.040 0.535 0.214 0.359

P 0.010 0.000 0.001 0.003 0.003 0.020 0.000 0.051 0.547 0.000 0.001 0.003

LDL-c/HDL-c r 0.213 0.535 0.211 0.599 0.154 0.475 0.199 0.385 0.085 0.196 0.212 0.635

P 0.001 0.000 0.001 0.000 0.019 0.000 0.002 0.001 0.196 0.000 0.001 0.000

BUN/Cr r 0.101 0.007 -0.001 -0.142 0.247 -0.037 0.081 0.185 0.045 -0.87 0.001 -0.151

P 0.125 0.956 0.994 0.247 0.627 0.756 0.221 0.130 0.499 0.480 0.984 0.218
a  Abbreviations: AVI, Abdominal volume index; BUN, Blood urea nitrogen; BMI, Body mass index; CAD, coronary artery disease; Cr, Creatinine; DBP, 
Diastolic blood pressure; FBS, Fasting blood sugar; HDL-c, High density lipoprotein; LDL-c, Low density lipoprotein; NC, Neck circumferences; PBF, 
Percent of body fat; SBP, Systolic blood pressure; TC, Total cholesterol; TG, triglyceride; WC, Waist circumferences; WtHR, Waist to hip ratio.
b  The CAD-positive group.
c  the CAD-negative group.
d  Pearson correlation coefficient.
e  P Value < 0.05 is significant.

Table 3.  The Cut-Off Point to Maximize Sensitivity and Specificity and Area Under the Curve for Each Anthropometric Index in the 
CAD-Positive Group a  

Anthropometric Indices AUC Cut-Off Point Sensitivity 1-Specifity Upper-Bound Lower-Bound P 

WC 0.720 95.75 0.693 0.368 0.794 0.647 0.000

Waist to Height Ratio 0.720 0.575 0.706 0.324 0.769 0.618 0.000

BMI 0.681 28.87 0.662 0.338 0.785 0.604 0.000

NC 0.711 38.25 0.706 0.338 0.789 0.634 0.000

Percent of Body Fat 0.597 30.35 0.615 0.426 0.672 0.523 0.015

AVI 0.722 18.64 0.697 0.324 0.797 0.646 0.000
a  Abbreviations: AUC, Area under curve; AVI, Abdominal volume index; BMI, Body mass index; WC, Waist circumferences.

5. Discussion
The increasing prevalence of obesity and related chron-

ic diseases such as diabetes, cardiovascular disease, can-
cer and mortality make it continues to be at the forefront 

of health problems and plan for the prevention and treat-
ment of obesity will be a major health priority. The first 
step in planning for health is screening and identifica-
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tion of obesity with an easy and accurate manner. There-
fore, the correlation between anthropometric indices 
and cardiovascular disease risk factors has been exam-
ined to determine the best factor.

In brief, the results of this study showed that the mean 
age ± SD of the CAD-positive group was 53.43 ± 4.96 and 
the mean age for the CAD-negative group was 49.9 ± 6.83 
years (P > 0.05). All of the anthropometric indices and 
cardiovascular risk factors in the CAD-positive group 
were higher compared to the CAD-negative one, while 
there was a significance correlation between HDL-c and 
these risk factors (P < 0.05). The area under the curve of 
AVI was the highest value (0.722) compared to other an-
thropometric indices. The results of multiple regression 
analysis showed that NC was a better predictor of CAD 
compared to other anthropometric indices (P = 0.46, OR 
= 1.207 and CI = 1.004 - 1.451).

A number of studies have suggested that WC is a good 
indicator for predicting the risk of cardiovascular dis-
ease (28, 29), while other studies have shown that waist-
hip ratio is a better indicator for predicting the risk of 
cardiovascular disease compared to WC and BMI (30). Yu-
suf and colleagues reported in their study that, waist-to-
height ratio as an indicator of central obesity is a better 
predictor of cardiovascular events compared to WC and 
BMI in both sexes (31). In our study it was shown that WC 
was positively associated with the risk of cardiovascular 
disease, but waist-to-height index as a simple indicator 
to measure, has a stronger predictive power (due to a 
higher area under the curve). The findings of this study 
were strengthened with the studies that have reported 
an association between BMI and anthropometric indices. 
Consistent with the present study Moy and colleagues 
compared two indices of WC and waist-to-hip ratio with 
BMI in 20 to 58 years Malaysian men and women, and 
concluded that WC is superior in obesity screening than 
waist-hip ratio and can be used to replace BMI in weight 
management (32). In our study, the cut-off value of WC 
for predicting risk of coronary artery disease was 75.95 
cm. The only prospective cohort study that has been 
conducted is cited WC index cut-off value for predict-
ing cardiovascular risk equal to 50.94 cm (33). The inter-
heart study showed that waist-hip index is the strongest 
predictor of myocardial infarction in both sexes. In this 
study, the preference of waist-to-hip ratio index to WC 
alone is associated to hip circumference, because higher 
hip circumference was significantly increased the risk 
of cardiovascular disease (15). Contradictory conclu-
sions about the risk of hip and cardiovascular disease are 
about that analysis of cross-sectional data cannot be as-
sociated with an estimated incidence of cardiovascular 
disease (34). To have a good choice to determine the best 
cut-off point for anthropometric measures, some factors 
such as gender, age, ethnicity, and the prevalence of risk 
factors should be considered. In women, younger adults 
and in people with more common risk factors such as 
lipid disorder, the most appropriate cut-off points is 

at lower levels; while in older people and having a less 
common risk factors such as number of risk factors (as 
a surrogate for risk of cardiovascular disease) the higher 
cut-off point is more appropriate (35, 36). Cut-off points 
for anthropometric indices have been obtained from a 
limited number of cross-sectional analyses, while this 
power set is much stronger in cohort studies. On other 
hand, the reason for the difference in cut-off points is the 
difference between general and central obesity in diverse 
population (37). In this study, we used ROC analysis to 
determine the cut-off point, which is how dependent is 
anthropometric distribution of the samples. This means 
that with the increase in population distribution rate, 
the cut-off points derived from ROC analysis were also 
raised (38). In our study, the cut-off value of WC to pre-
dict the risk of CAD was determined 95.75 cm. The only 
prospective cohort study that has been conducted in Iran 
is cited the cut-off values of WC for predicting cardiovas-
cular risk equal to 94.5 cm (33). We suggest the cut-off 
value for waist-to-height index for the Iranian popula-
tion equal to 0.57. This research listed the amount of the 
waist-to-height ratio equal to 0.62 (33). In this study, the 
higher WC index in both genders can be associated with 
a higher prevalence of general and abdominal obesity in 
Iranian population. The most recent national assessment 
of Iranian adult population showed that the mean values 
for WC for men and women were 86.6 cm and 89.6 cm, 
respectively, which can be influenced by genetic factors, 
low literacy rates, the above fertility rates and sedentary 
lifestyle (39). A number of mechanisms available to sup-
port the findings of our study are as follows: unlike BMI, 
WC index shows abdominal fat distribution in the area 
that is associated with the risk of cardiovascular disease 
more than the body weight (40). Body mass index is un-
able to detect individuals with excess fat and high muscle 
mass, with this assumption; based on their BMI risk of 
cardiovascular disease is similar if both are the same per-
son's weight and height (41). However, the WC index, is a 
simple indicator to measure abdominal obesity; however, 
it seems that people with similar WC has also similar risk 
of cardiovascular disease (regardless of the difference in 
height) (42). On the other hand, risk of diabetes and high 
blood pressure in individuals with short stature is more 
than tall people (43). Thus, studies and analysis conduct-
ed has shown that the predictive power of WC for risk of 
cardiovascular disease is enhanced when it corrected by 
height and hip circumference (20). Finally, there is the 
fact that with the change in body size index, waist-hip 
ratio remains constant, because both waist and hip pa-
rameters are changed proportion to each other. However, 
any small change in the WC will cause to change waist-to-
height ratio, because adult height is fixed.

Studies show that, BMI along with increased WC can 
predict the incidence of cardiovascular disease than any 
single indicator alone (27). Our study has shown that in 
the CAD-positive group AVI was negatively correlated 
with the HDL-c parameter. While this correlation be-
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tween systolic and diastolic blood pressure and the ratio 
of TC/ HDL-c and LDL-c/HDL-c was significantly positive. 
Also, the results of our study showed that there was a 
significant positive association between WC, hip circum-
ference, waist-to-hip ratio, waist to height ratio, body fat 
percentage and BMI and the CAD. According to the results 
of our study, AVI has the highest area under the curve 
among other anthropometric indices (0.772), the highest 
specificity (69%) and the lowest sensitivity (32%). 

In a study done in 2003 that was conducted on 746 
men and nonpregnant women with CAD, the best cut-off 
point for AVI index to determine overweight and obesity 
is equal to 5.24 liters and this index has a significant posi-
tive relationship with glucose intolerance and type 2 dia-
betes (20). Studies on this indicator are very limited.

The results of our study showed that the NC has a 
positive and significant relationship with LDL-c and a 
negative relationship with TG/HDL ratio. Also, our study 
showed that in the CAD-positive group, NC has a strong 
positive and significant association with other anthropo-
metric indices including WC, hip circumference, waist-
to-hip ratio, waist-to-height ratio and the percentage of 
body fat. These findings are consistent with the findings 
of other studies.

The femoral and NC is considered as an indicator of sub-
cutaneous fat distribution in upper and lower of body. 
Central obesity, especially high levels of visceral fat in 
the upper body is accompanied by bad metabolic com-
plications such as insulin resistance, diabetes, high blood 
pressure and an increase in blood TG levels, while these 
effects are low in lower body obesity. Hence, NC as a repre-
sentative of the accumulation of fat in the upper body is 
independently associated with the risk of cardiovascular 
disease (20).

Preis and colleagues reported in 2010 that the NC, as 
an indicator of upper body fat distribution below the 
skin, is directly associated with cardiovascular risk fac-
tors. Ben-Noun and Laor reported in their study that NC 
is associated with high blood pressure and other meta-
bolic syndrome risk factors, including cholesterol-LDL, 
cholesterol-HDL, TG, and TC. This is a cohort study of 364 
participants. The results of their study showed that NC 
change over time was significantly in line with changes 
in BMI, WC, waist-to-hip ratio, TC, cholesterol-LDL, TG, glu-
cose and uric acid but was not correlated with changes in 
cholesterol-HDL (44).

Wang and colleagues showed in their study that, NC as 
a place to store fat in the upper body, was positively asso-
ciated with visceral fat in the abdomen in Chinese adult 
population (45). Waist circumference as an index of an-
thropometric indices easily can be affected by factors such 
as satiety or full stomach, respiratory activity and wearing 
thick clothing; confounding the effect of these factors can 
be prevented by replacing NC instead of WC. Thus, it can 
be concluded that the NC can be considered as a valid and 
more accurate indicator of central obesity (44).

According to the results of ROC curve in our study, NC 

has a greater area under the curve than waist-to-height, 
waist-to-hip ratio and BMI. This is also consistent with our 
study, Zhu and colleagues showed that, NC has a greater 
area under the curve than waist-to-height, waist-to-hip 
ratio and BMI (43).

Among the existing mechanisms of the association be-
tween NC and risk of cardiovascular disease can be cited 
to impaired respiratory diseases in people with greater 
NC, because interrupted breathing during sleep or sleep 
apnea is associated with an increase in blood pressure, 
cholesterol levels, reducing cholesterol-LDL, diabetes and 
insulin resistance (47, 48). On the other hand the increase 
in the accumulation of fat in the upper body is accompa-
nied by the increased levels of free fatty acids in plasma; 
the increase in free fatty acids was associated with in-
creased oxidative stress and damage to the vessel wall, 
both of which increase the risk of high blood pressure. 
Since obese people have fat stored between 2 to 3 times 
higher than normal; thus, the levels of circulating free 
fatty acids in them are the most. These fats are delivered 
to the liver and increase the concentration of VLDL (Very 
Low Density Lipoprotein) and LDL cholesterol produced 
by the liver (49, 50).

Therefore, and due to the mechanisms mentioned 
above, it can be expressed that NC is linked to cardiovas-
cular disease risk factors.

The principal limitation of this study was the relatively 
short duration of follow-up. Lack of data on insulin val-
ues might be another important limitation of this study, 
as differences in the effects of BMI and waist might be me-
diated by insulin resistance.

According to the results of the study, abdominal obe-
sity is as a risk factor for atherosclerosis. Therefore, the 
use of a simple, low cost and high precision method for 
determining visceral obesity and preventing the CAD is 
warranted.
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