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Purpose: The aim of this study was to evaluate the efficiency of multiple abdominal fat 
indices measured by ultrasound and anthropometric indices to predict the presence and 
severity of coronary artery disease (CAD) assessed by coronary angiography.
Patients and Methods: All participants subjected to clinical and laboratory assessments. 
Anthropometric measurements were taken followed by an ultrasound examination to mea
sure fat thickness at multiple abdominal areas. Lastly, selective coronary angiography 
performed by the Judkins technique. Statistical analysis was performed to detect the associa
tion between all variables and CAD, followed by regression analysis, and Odds ratio (OR) 
was used to quantifies the strength of the association between two events.
Results: From the abdominal indices, the posterior right perinephric fat thickness (PRPFT) 
above the best cutoff value had the highest hazard ratio (HR: 12.3, p = 0.001), followed by 
visceral adipose tissue volume (VAT) (HR: 10.7, p < 0.001), waist circumference (WC) (HR: 
6.7, p = 0.001), visceral fat thickness (VFT) (HR: 5.7, p = 0.002), and body mass index 
(BMI) (HR: 5.48, p = 0.017). It also showed an independent association between the severity 
of CAD and WC (HR: 4.28, p = 0.012), VFT (HR: 3.7, p = 0.032), VAT (HR: 3.7, p = 0.034), 
and waist to height ratio (WHtR) (HR: 3.3, p = 0.033).
Conclusion: Posterior perinephric fat thickness and visceral adipose tissue volume mea
sured by ultrasound are strong noninvasive predictors for coronary artery disease, followed 
by body mass index, waist circumference and visceral fat thickness.
Keywords: posterior perinephric fat, abdominal fat thickness, abdominal ultrasound, 
anthropometric measurements, coronary artery disease

Plain Language Summary
In this paper, we studied the association between nearly all reported abdominal fat and anthropo
metric indices as a predictor for the presence and severity of coronary artery disease, we collected 
most of the indices in one work and we added a cutoff value for every index to accurately determine 
the association and strength of each index as a predictor to the presence and severity of coronary 
artery disease with subsequent select patients in risk to perform coronary artery angiography and 
protect another group of patients from performing coronary artery angiography.

We found in this study variation between all indices as a non-invasive predictor for 
coronary artery disease, from all indices posterior perinephric fat tissue thickness and 
visceral adipose tissue volume measured by ultrasound are strong predictors for coronary 
disease followed by body mass index, waist circumference, and visceral fat thickness. While 
waist circumference, waist-height ratio, visceral tissue thickness, and visceral adipose tissue 
volume are noninvasive good predictors for severity of coronary artery disease.
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To the best of our knowledge, all these noninvasive indices 
are not included together in any research before in addition to the 
use of the best cutoff value determined by ROC curve analysis 
for each index to study the strength of each predictor.

Introduction
Obesity is a widespread disease constituting a worldwide 
problem and is responsible for metabolic complications 
and increases the risk of cardiovascular diseases (CVDs)1 

that are considered one of the major causes of mortality 
and morbidity across the world.2 The most important 
metabolic complications related to obesity include dysli
pidemia, glucose intolerance, hyperinsulinemia, hyperten
sion, and atherosclerosis, all of which significantly 
increase the risk of developing CVDs.3

Adipose tissue distribution may have different impacts 
on progression of coronary artery disease (CAD). There 
was association between noncalcified coronary plaque, 
plaque morphology and abdominal visceral adipose 
tissue.4 As well as measurement of visceral adiposity by 
multislice computed tomography showed significantly 
associated with the presence and extent of calcium deposi
tion in coronary artery which is considered a marker of 
subclinical atherosclerosis.5

Several studies have proven that central obesity should 
take priority for detecting cardiovascular risk factors; sim
ply, “metabolic obesity,” which refers to the accumulation 
of fat within the visceral cavity, has a main role in devel
oping CVD, metabolic syndrome, or both, regardless of 
the patient’s obesity status.6,7 Multiple methods have used 
to quantify regional adiposity in clinical and epidemiolo
gical studies, including multiple anthropometric indices 
and abdominal fat assessment by ultrasonography (US).8

The most commonly used anthropometric indices 
include waist circumference (WC) and waist to hip ratio 
(WHR),9 as well as waist to height ratio (WHtR),10 to 
assess the amount of abdominal fat9,10 all of which are 
relatively good indicators of the risk of CVDs.11 

Historically, body mass index (BMI) was used to define 
the degree of obesity and overweight;12 however, not all 
people who have atherosclerosis are obese, nor do all 
people defined as obese by BMI develop atherosclerosis.13

Magnetic resonance imaging (MRI) and computed tomo
graphy (CT) are the best imaging modalities for measuring 
fat areas;14 however, the use of these modalities have many 
limitations, including exposure to harmful radiation during 
CT, as well as the limited availability and high prices for both 
types of examination.15 Thus, there is a strong need for 

a simple, accurate, and appropriate imaging modality to 
measure the amount of visceral fat.16

Several studies have reported that US measurements 
are accurate and reliable for determining the amount of 
visceral fat, and it has been reported that the amounts of 
visceral adipose tissue measured by CT and by ultrasound 
are strongly correlated.3,17 Moreover, ultrasound is char
acterized by being non-invasive, widely available, and 
a suitable method for the quantification of the amount of 
visceral fat.3,18

Risk factors of CAD have been separately studied 
several times. However, very few studies have comprehen
sively evaluated the relationship between visceral adipose 
tissue indices and presence and severity of CAD as well as 
very few papers studied the relationship between posterior 
perinephric fat thickness and presence and severity of 
CAD. In the current study we used several abdominal fat 
and anthropometric indices to predict the presence and 
severity of CAD assessed by coronary angiography.

Patients and Methods
Study Design
Ninety patients with clinical evidence of ischemic heart 
disease or high probability of having ischemic heart dis
ease were included in this prospective study during the 
period of October 2018 to December 2019. All patients 
were candidate for coronary angiography according to the 
opinion of their treating physician.

All participants were referred from the internal medicine 
outpatient’s clinic. The inclusion criteria included age >18 
years, acceptance of participation in this study irrespective of 
BMI to allow for a reference distribution of BMI, complaints 
of symptoms suggestive of cardiac symptoms, and lack of 
fulfilment of the exclusion criteria. The exclusion criteria 
included all the participants who did not undergo coronary 
angiography after US examination, past history of confirmed 
coronary artery disease, taking antidyslipidemic drugs, under
gone bariatric and/or upper abdominal operations, or suffering 
from chronic debilitating diseases (ie, renal insufficiency, liver 
cirrhosis, chronic infections, and malignancy). The approval 
for this study was obtained from our Institution Review Board 
(IRB) and Ethics Committee no. 128/2018 (Sohag University, 
Sohag Faculty of Medicine, Institutional Review Board and 
Ethics Committee), and the study fully complied with the 
Declaration of Helsinki of 1975 revised in 2013. Informed 
written consent was obtained from all participants.
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Participant Assessment
All participants were clinically assessed, with more attention 
being paid to drug intake and cardiovascular risk factors. 
Smoking status was assessed by self-report. Blood pressure 
was measured in the rest state and was calculated as the 
mean of three measurements after an interval approximately 
5 min between each measurement. Fasting blood samples 
were collected after 10-min rest periods and fasting plasma 
glucose concentrations and serum lipid profiles were 
assessed. All samples were examined in the same clinical 
laboratory and under standardized enzymatic procedures.

Anthropometric Measurements
The height and weight of all participants were measured 
while they were wearing light clothes, and then BMI was 
calculated. The hip circumference (HC) was measured 
over undergarments at the point of maximal protuberance 
of the gluteal region. WC was measured by a non- 
stretched tape at the end of expiration midway between 
the upper aspect of the iliac crest and the lowest ribs. The 
WHtR was obtained by dividing the WC by height (both in 
centimeters). The WHR was obtained by dividing WC by 
HC (both in centimeters). All measurements were con
ducted by a single experienced cardiologist and the aver
age of two measurements was taken.

Ultrasonographic Measurement of 
Abdominal Fat Thickness
The examination was performed by using both constant 
settings and a high-resolution ultrasound system (Toshiba 
Aplio 500, Tokyo, Japan). The participants were examined 
in the supine position using a 3.5 MHz convex array; all 
images were obtained at the end of expiration to avoid any 

effects of respiration, with light compression to the abdom
inal wall to avoid underestimation of subcutaneous fat thick
ness. The following areas were measured: (i) Subcutaneous 
fat thickness (SCFT), ie, the fat tissue thickness between the 
linea alba and skin–fat interface measured at the midline 
between the umbilicus and xiphoid process (Figure 1A); (ii) 
Preperitoneal fat thickness (PPFT), ie, the maximum fat 
thickness between the upper surface of the liver and the 
inner aspect of the rectus abdominis muscle (Figure 1B); 
(iii) Visceral fat thickness (VFT), ie, the distance between 
the inner aspect of the rectus abdominis muscle and the 
anterior wall of the aorta, measured in the perpendicular 
direction to the aorta3 (Figure 2); (iv) Posterior right peri
nephric fat thickness (PRPFT), ie, the mean of the max
imum fat thickness of the posterior right renal wall 
measured in the posterior right perinephric space (at three 
sites posterior to the upper, middle, and lower parts of the 
kidney)19 in this study, we used the PRPFT due to validation 
method in previous studies20 (Figure 3A); (v) VFT/SCFT 
ratio;3 (vi) Maximum distance, measured between the inner 
aspect of the rectus abdominis muscle and the posterior 
aortic wall, 1 cm above the umbilicus in a line perpendicular 
to the aorta;19 (vii) The distance measured between the 
splenic vein and the inner aspect of the abdominal 
muscle19 (Figure 3B); (vii) Abdominal wall fat index 
(AFI), ie, the ratio obtained by dividing the PPFT by the 
SCFT;8 (viii) Visceral adiposity tissue volume (VAT), cal
culated as follows: VAT volume = −9.008 + 1.191 
X (distance between the splenic vein and the inner aspect 
of the abdominal muscle in millimeters) + 0.987 X (distance 
between the aortic posterior wall and the inner aspect of the 
abdominal muscle on the umbilicus in millimeters) + 3.644 
X (fat layer thickness of the posterior right renal wall in 
millimeters).19

Figure 1 Abdominal ultrasound examination showing (A) subcutaneous fat thickness (SCFT), which is approximately 34.6 mm; (B) the preperitoneal fat thickness (PPFT), 
which is approximately 14.2 mm.
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For reliability all participants were examined by an 
experienced sonographer, followed by another experienced 
sonographer blind to the other operator’s results repeating 
the examination for 46 of the participants. He used the 
same setting, US system, and technique for examination. 
The intra-observer and inter-observer reliability indexes 
for this method ranged from 0.915 to 0.964 and from 
0.895 to 0.923, respectively.

Coronary Angiography Technique
The examination was carried out by a single experi
enced cardiologist using the Toshiba Infinix CBi. All 
participants underwent selective coronary angiography 
by the Judkins technique within one week from the US 
examination; images were interpreted by an expert 
cardiologist who did not have any knowledge of the 
US findings. Cases with coronary artery stenosis were 
classified into:

1. Significant stenosis of the coronary artery (>50%) in at 
least one of the major coronary arteries (Figures 4 and 5).

2. Non-significant stenosis of the coronary artery 
(≤50%)21 (Figure 6).

Statistical Analysis
All data were statistically analyzed using the SPSS program 
(Statistical Package for Social Science, version 21). Data were 
described either by the mean and the standard deviation or the 
frequency and percentage, whenever appropriate. 
Comparisons were conducted between two independent nor
mally distributed variables using an independent samples 
t-test. Fischer’s exact test was used to assess the association 
between qualitative variables. The area under the receiver 
operating curve (ROC) was determined using MedCalc 
Software version 14 and the best cutoff value was determined 
by using the Youden index.22 Univariate and multivariate 
regression analyses were conducted; the odds ratio (OR) was 

Figure 2 Abdominal ultrasound showing the thickness from the inner surface of the rectus abdominis muscle to the anterior wall of the aorta: (A) the thickness is 27.2 mm; 
(B) the thickness is 56.4 mm. VFT, visceral fat thickness.

Figure 3 Abdominal ultrasound showing (A) the thickness of the posterior right perinephric fat (PRPFT) is 9.6 mm (posterior to the middle part of the kidney); (B) the 
thickness from the inner aspect of the anterior abdominal wall to the splenic vein is 37.3 mm.
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used to quantify the strength of the association between two 
events, and the 95% confidence intervals (CIs) were also 
reported. The odds of developing the disease were given 
exposure to risk.23 A p-value was considered statistically sig
nificantly if <0.05.

Results
Participants
In this prospective study, we enrolled 90 participants 
whose ages ranged between 31 and 72 years (mean 56.33 
± 9.06 years), with a male to female ratio of approximately 
1.9:1. All baseline data and characteristics regarding the 
participants are displayed in Table 1.

Association Between CAD and the 
Anthropometric and Abdominal Fat Indices
When measuring the association between the different 
variables and the presence of CAD, we found 

a significant statistical association between WC (p = 
0.005) and HC (p = 0.001), with the presence of CAD. 
In contrast, from the abdominal fat indices, a significant 
statistical association was found between SCFT (p = 
0.015), PPFT (p = 0.002), PRPFT (p < 0.001), VFT (p = 
0.001), and VAT (p < 0.001) and the presence of CAD, 
while the other variables did not differ significantly 
(Table 2).

Association Between the Severity of 
CAD and the Anthropometric and 
Abdominal Fat Indices
After detecting the diseased group of participants, we 
studied the association between the different variables 
and the severity of CAD. From all of the variables, WC 
(p = 0.006), HC (p = 0.049), and VAT (p = 0.024) were 
significantly associated with significant CAD, while the 
other variables showed no significant association with the 
severity of CAD (Table 3).

Univariate and Multivariate Regression 
Analyses for the Different Indices 
Predicting CAD
We used ROC curve analysis to determine the best cutoff 
value of all of the indices, with the highest summation of 
sensitivity and specificity, as well as highest negative pre
dictive value, followed by univariate and multivariate ana
lysis to determines the risk [Odds ratios (ORs)] of patients 
above these cutoff values developing CAD compared to 
their counterparts below this value.

Regarding the anthropometric measurements, participants 
with a BMI >25 increased had a 4 times increased risk of CAD 
compared to their counterparts with a BMI ≤ 25 (crude OR = 

Figure 4 Conventional coronary angiography showing a left coronary angiogram. 
The anteroposterior cranial view showed two successive stenotic lesions with 90% 
stenosis of the mid-segment of the left anterior descending (LAD) artery (arrows 
show the stenotic segments).

Figure 5 (A and B) Conventional coronary angiography showing a left coronary angiogram. The anteroposterior caudal and cranial views showed spontaneous dissection of the main 
left coronary artery extended to the mid-segment of the LAD artery with severe stenosis (95%) of the mid-segment of the LAD artery (arrows show the stenotic segment).
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4; 95% CI = 1.14–14.1; p = 0.031); however, in the multi
variate analysis, the risk increased to 5.48 times (Adjusted OR 
(AOR) = 5.48; 95% CI = 1.35–22.2; p = 0.017). Moreover, 
participants with a WC >104.9 cm has a 5.45 times increased 
risk of CAD compared to their counterparts with a WC ≤ 
104.9 cm (crude OR = 5.45; 95% CI = 1.88–15.8; p = 
0.002); however, in the multivariate analysis, the risk 
increased to 6.74 times (AOR = 6.74; 95% CI = 2.16–21.1; 
p = 0.001). In contrast, participants with a HC >108.2 cm, 
compared to their counterparts with a HC ≤ 108.2 cm, showed 
a significant association in the univariate analysis with a 3 
times increased risk of CAD (crude OR = 3.03; 95% CI = 
1.09–8.36; p = 0.032); however, after adjustment in the multi
variate analysis, no significant association was detected (AOR 
= 1.01; 95% CI = 0.19–5.27; p = 0.987). The other anthropo
metric indices showed no significant association in either the 
univariate or the multivariate analysis.

As regards (or concerning) the abdominal fat indices, 
variable degrees of increasing risk of CAD were detected. 
Participants with a PPFT >11.4 mm, had a 2.79 times 
greater risk of CAD compared to participants with a PPFT 
≤11.4 mm (crude OR = 2.79; 95% CI = 1.03–7.52; p = 
0.043); however, in the multivariate analysis, the results 
did not differ significantly. In terms of PRPFT, the risk of 
CAD for participants with a PRPFT >12.1 mm was likely 
to increase by 8.9 times compared to those with a PRPFT 
≤12.1 mm (crude OR = 8.9; 95% CI = 2.4–33.1; p = 
0.001); however, in the multivariate analysis, the risk 
increased to 12.3 times (AOR = 12.3; 95% CI = 2.9–51.6; 
p = 0.001). Moreover, participants with VFT >60.8 mm 
had a 4.9 times increased risk of CAD compared to 
participants with a VFT ≤60.8 mm (crude OR = 4.9; 

95% CI = 1.8–13.5; p = 0.002); however, after adjustment 
in the multivariate analysis, the risk increased to 5.7 time 
(AOR = 5.7; 95% CI = 1.9–16.9; p = 0.002).

Moreover, participants with a VAT >176 had a 7.2 times 
increased their risk of CAD compared to those with a VAT 
≤176 (crude OR = 7.2; 95% CI = 2.5–20.8; p < 0.001); 
however, after adjustment in the multivariate analysis, the 
risk increased to 10.7 time (AOR = 10.7; 95% CI = 3.0–37.3; 
p < 0.001). In contrast to the above findings, an inverse 
relationship was detected between participants with an AFI 
>0.65 and incidence of CAD, as they were less likely to have 
CAD compared to their counterparts with an AFI ≤0.65 
(crude OR = 0.33; 95% CI = 0.12–0.93; p = 0.037 and 
AOR = 0.30; 95% CI = 0.10–0.89; p = 0.030). The last 
variable, VFT/SCFT, showed no significant association in 
either the univariate of the multivariate analysis (Table 4).

Univariate and Multivariate Regression 
Analysis for the Different Indices 
Predicting the Severity of CAD
For more analyses of the association between different indices 
and CAD, we conducted univariate and multivariate analyses 
to detect which index is associated with a significant outcome. 
For the anthropometric measurements, participants with a WC 
>104.9 cm had a 3.87 increased risk of significant CAD 
compared to their counterparts with a WC ≤104.9 (crude OR 
= 3.87; 95% CI = 1.29–11.6; p = 0.015); however, after 
adjustment in the multivariate analysis, the risk increased to 
4.28 times (AOR = 4.28; 95% CI = 1.37–13.4; p = 0.012). 
Moreover, patients with a WHtR >0.64 had a 3.2 times 
increased risk of significant coronary stenosis compared to 
their counterparts with a WHtR ≤0.64 (crude OR = 3.2; 95% 
CI = 1.08–9.47; p = 0.036); however, after adjustment in the 
multivariate analysis, the risk slightly increased to 3.3 times 
(AOR = 3.30; 95% CI = 1.10–9.89; p = 0.033).

Concerning the abdominal fat indices, participants with 
a VFT >60.8 mm had a 3.5 times increased risk of significant 
coronary stenosis compared to their counterparts with a VFT 
≤60.8 mm (crude OR = 3.5; 95% CI = 1.1–11.3; p = 0.036); 
however, after adjustment in the multivariate analysis, the risk 
increased to 3.7 times (AOR = 3.7; 95% CI = 1.1–12.2; p = 
0.032). Moreover, participants with a VAT >176 had a 3.5 
times increased the risk of significant coronary stenosis com
pared to their counterparts with a VAT ≤176 (crude OR = 3.5; 
95% CI = 1.1–11.3; p = 0.036); however, after adjustment in 
the multivariate analysis, the risk increased to 3.7 time (AOR = 
3.7; 95% CI = 1.1–12.5; p = 0.034). In contrast, the AFI 

Figure 6 Conventional coronary angiography showing a right coronary angiogram. 
The left anterior oblique view showed mild atherosclerosis of the right coronary 
artery (RCA) (arrow shows the stenotic segment).
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showed an inverse relationship with the significance of coron
ary artery stenosis, as participants with an AFI >0.65 were less 
likely to have significant CAD compared to their counterparts 
with an AFI ≤0.65 (crude OR = 0.25; 95% CI = 0.07–0.89; p = 
0.032 and AOR = 0.25; 95% CI = 0.07–0.89; p = 0.033). No 
other abdominal indices showed any significant associations 
with the severity of CAD (Table 5).

Discussion
Many studies have proven that visceral adiposity plays a major 
role in developing diseases and disorders related to obesity 
more than overall obesity, suggesting the important and major 
role of visceral fat in cardiovascular and metabolic diseases.24 

In this study, we examined nearly all abdominal fat and 

anthropometric indices as a predictor of coronary artery dis
ease, using the best cutoff value determined by the ROC curve 
for all indices.

Our study proved that there is a significant statistical 
association between WC, HC, SCFT, PRPFT, VFT, PPFT, 
and VAT and the presence of CAD. In contrast, when we 
studied the association between all of the indices and the 
severity of coronary artery disease, only WC, HC, and VAT 
showed a significant association with significant disease.

For more clarification and better assessment of the associa
tion between the anthropometric and abdominal fat indices and 
CAD, we performed univariate and multivariate analyses for 
all of the indices after selecting the best cutoff value using ROC 
curve analysis. As regards the abdominal fat indices, we 

Table 1 Baseline Data and Characteristics Regarding All Participants According to Gender

Study Data Overall 
N (%) 
(n = 90)

Male 
N (%) 
(n = 59)

Female 
N (%) 
(n = 31)

P-value

Qualitative Variablesa

Diabetes mellitus 42 (46.67%) 26 (44.07%) 16 (51.61%) 0.514
Hypertension 56 (62.22%) 31 (52.54%) 25 (80.64%) 0.012

Smoking 62 (68.9%) 53 (89.83%) 09 (29.03%) < 0.001 **

Antihypertension 50 (55.55%) 30 (50.85%) 20 (64.52%) 0.267
Peripheral vascular disease 20 (22.22%) 14 (23.73%) 06 (19.35%) 0.791

Quantitative Variablesb Mean ± SD Mean ± SD Mean ± SD
Age in years 56.33 ± 9.06 56.9 ± 8.85 55.26 ± 9.5 0.287

SBP 130.81 ± 17.28 130.17 ± 15.57 132.03 ± 20.3 0.652
DBP 83.85 ± 11.37 83.3 ± 10.96 84.84 ± 12.21 0.542

Total cholesterol 220.19 ± 44.97 214.85 ± 43.8 230.22 ± 46.09 0.119

TG 130.06 ± 30.53 127.32 ± 29.3 135.22 ± 32.57 0.239
LDL-C 141.05 ± 40.45 136.7 ± 40.59 149.22 ± 39.51 0.159

HDL-C 45.94 ± 7.34 46.15 ± 6.99 45.56 ± 8.04 0.717

Height in cm 165.92 ± 7.54 168.45 ± 6.02 161.19 ± 7.89 < 0.001 **
Weight in kg 81.8 ± 11.94 81.68 ± 12.86 82.03 ± 10.17 0.895

BMI 29.67 ± 3.57 28.67 ± 3.5 31.54 ± 2.93 < 0.001 **

WC 105.35 ± 10.17 103.58 ± 10.55 108.66 ± 8.62 0.022 **
HC 109.05 ± 10.67 106.57 ± 11.19 113.72 ± 7.84 0.002 **

WHR 0.97 ± 0.05 0.97 ± 0.04 0.95 ± 0.06 0.105

WHtR 0.63 ± 0.06 0.61 ± 0.06 0.67 ± 0.04 < 0.001 **
SCFT 22.38 ± 4.99 21.28 ± 4.85 24.42 ± 4.65 0.003 **

PPFT 11.75 ± 1.62 11.35 ± 1.63 12.48 ± 1.34 0.001 **

PRPFT 12.45 ± 1.68 12.34 ± 1.73 12.65 ± 1.60 0.397
VFT 65.86 ± 14.08 63.39 ± 14.72 70.48 ± 11.65 0.021**

VFT/SCFT 2.98 ± 0.46 3.0 ± 0.44 2.95 ± 0.50 0.587

VAT 182.17 ± 24.35 179.06 ± 25.82 188.01 ± 20.44 0.093
AFI 0.63 ± 0.16 0.595 ± 0.13 0.57 ± 0.11 0.301

Notes: aP-value has been calculated using Fischer Exact Test. bP-value has been calculated using independent t-test. **Significant at P < 0.05 level (2-tailed). 
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglyceride; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein 
cholesterol; BMI, body mass index; WC, waist circumference; HC, hip circumference; WHR, waist to hip ratio; WHtR, waist to height ratio; SCFT, subcutaneous fat 
thickness; PPFT, preperitoneal fat thickness; PRPFT, posterior right perinephric fat thickness; VFT, visceral fat thickness; VFT/SCFT, visceral fat thickness over subcutaneous 
fat thickness; VAT, visceral adipose tissue volume; AFI, Abdominal wall fat index.
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detected that a PPFT >11.4 mm increases the risk of CAD 
compared to its counterpart part in the univariate analysis, but 
this significant association disappeared in the multivariate 
analysis. However, a PRPFT >12.1 mm, a VFT >60.8 mm, 
and a VAT >176 were shown to increase the risk of CAD 
compared to their counterparts in both the univariate and multi
variate analyses. In contrast, VFT/SCFT showed a non- 
significant association with the presence of CAD, while the 
AFI showed an inverse relationship with the incidence 
of CAD.

In contrast, in terms of the anthropometric indices, we 
detected that a BMI >25 and a WC >104.9 cm increased the 
risk of CAD compared to their counterparts in both the uni
variate and multivariate analyses. However, a HC >108.2 cm 
increased the risk of CAD when compared to its counterpart 
part in the univariate analysis but not in the multivariate 
analysis.

Only a few papers are available regarding the associations 
between the posterior perinephric fat thickness and CAD in 
adults. Our results agree with those of Rover et al who reported 
that the thickness of the PRPFT might indicate individuals 
with an increased atherosclerotic disease development 
potential.20 Moreover, Liu et al suggested that perirenal fat is 
a promising target for cardiovascular disease management.25 

In the study performed by Hamagawa et al it was concluded 
that PPFT is an independent predictor of CAD;26 in contrast, 
Shabestari et al found that PPFT was poor predictor of CVD.15

Our results also agree with those obtained by Kim et al in 
which it was found that a high VFT is closely related to an 
increased risk of CAD and metabolic diseases in men and is 
considered an independent predictor of both.3 However, 
Shabestari et al found that sonographic VFT and WHR are 
associated with CAD, but only WHR has an independent role 
after adjustments for traditional risk factors and age.15 

Meanwhile, regarding VAT, our results agree with those 
obtained by Lee et al in which it was found that an increased 
VAT volume is associated with an increased incidence of CVD 
risk factors.27

There has been much controversy regarding the role of 
SCFT. Many studies have shown strong associations 
between SCFT and CVD risk factors,28 while other studies 
have suggested a beneficial role for SCFT.29 At present, it 
remains unclear if SCFT increases the risk of CVD or 
protects from it.10

Table 2 Statistical Association Between CAD with 
Anthropometric and Abdominal Fat Indices

Factor Presence of Coronary Artery Disease P-value§

Not Present 
(Normal) 
Mean ± SD (n=21)

Present 
(Abnormal) 
Mean ± SD (n= 69)

BMI 29.25 ± 4.48 30.1 ± 3.35 0.333

WC 99.4 ± 12.92 106.6 ± 9.4 0.005**

HC 101.45 ± 13.1 110.3 ± 10.3 0.001**

WHR 0.98 ± 0.05 0.97 ± 0.05 0.291

WHtR 0.62 ± 0.08 0.64 ± 0.06 0.102

SCFT 18.4 ± 6.4 21.2 ± 3.8 0.015**

PPFT 10.44 ± 2.01 11.7 ± 1.52 0.002**

PRPFT 10.5 ± 1.96 12.5 ± 1.81 < 0.001**

VFT 56.9 ± 18.95 68.6 ± 12.75 0.001**

VFT/SCT 2.97 ± 0.55 3.04 ± 0.44 0.531

VAT 157.49 ± 31.78 186.06 ± 21.95 < 0.001**

AFI 0.606 ± 0.155 0.566 ± 0.10 0.158

Notes: §P-value has been calculated using independent t-test. **Significant at 
P < 0.05 level (2-tailed). 
Abbreviations: BMI, body mass index; WC, waist circumference; HC, hip circumfer
ence; WHR, waist to hip ratio; WHtR, waist to height ratio; SCFT, subcutaneous fat 
thickness; PPFT, preperitoneal fat thickness; PRPFT, posterior right perinephric fat thick
ness; VFT, visceral fat thickness; VFT/SCFT, visceral fat thickness over subcutaneous fat 
thickness; VAT, visceral adipose tissue volume; AFI, Abdominal wall fat index.

Table 3 Statistical Association Between Severity of CAD with 
Anthropometric and Abdominal Fat Indices

Factor Significance of Coronary Stenosis P-value§

Insignificant 
Mean ± SD 
(n=20)

Significant 
Mean ± SD 
(n= 49)

BMI 29.2 ± 3.94 30.5 ± 3.04 0.132
WC 101.8 ± 9.69 108.6 ± 8.67 0.006**

HC 106.45 ± 10.89 111.8 ± 9.69 0.049**

WHR 0.96 ± 0.05 0.97 ± 0.05 0.253
WHtR 0.62 ± 0.07 0.65 ± 0.05 0.08

SCFT 21.2 ± 5.89 21.2 ± 2.6 0.964
PPFT 12.01 ± 2.15 11.6 ± 1.2 0.329

PRPFT 12.2 ± 2.15 12.67 ± 1.66 0.321

VFT 64 ± 16.34 70.4 ± 10.65 0.057
VFT/SCT 2.89 ± 0.67 3.1 ± 0.29 0.087

VAT 176.75 ± 30.72 189.79 ± 16.22 0.024**

AFI 0.595 ± 0.142 0.555 ± 0.777 0.138

Notes: §P-value has been calculated using independent t-test. **Significant at P < 0.05 
level (2-tailed). 
Abbreviations: BMI, body mass index; WC, waist circumference, HC, hip circum
ference; WHR, waist to hip ratio; WHtR, waist to height ratio; PRPFT, posterior 
right perinephric fat thickness; SCFT, subcutaneous fat thickness; PPFT, preperito
neal fat thickness; VFT, visceral fat thickness; VFT/SCFT, visceral fat thickness over 
subcutaneous fat thickness; VAT, visceral adipose tissue volume; AFI, Abdominal 
wall fat index.
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Regarding the anthropometric measurements, there 
is also much controversy concerning their significance. 
Hamagawa et al found that WC is not an independent 

predictor of CAD.26 Ahmed et al found that WC, 
WHR, and WHtR have strong correlations with all 
the cardiometabolic risk indices.30 Flint et al found 

Table 4 Univariate and Multivariate Regression Analysis for Different Indices Predicting CAD

Factor Normal 
N (%) 
(n=21)

Abnormal 
N (%) 
(n= 69)

Crude OR 
(95% CI)

P-value Adjusted ORa (95% CI) P-value

BMI
● ≤ 25.0 06 (27.3%) 06 (08.6%) Ref Ref
● >25.0 64 (91.4%) 16 (72.7%) 4.00 (1.14–14.1) 0.031** 5.48 (1.35–22.2) 0.017**

WC
● ≤104.9 16 (72.7%) 23 (32.9%) Ref Ref
● >104.9 06 (27.3%) 47 (67.1%) 5.45 (1.88–15.8) 0.002** 6.74 (2.16–21.1) 0.001**

HC
● ≤108.2 15 (68.2%) 29 (41.4%) Ref Ref
● >108.2 07 (31.8%) 41 (58.6%) 3.03 (1.09–8.36) 0.032** 1.01 (0.19–5.27) 0.987

WHR
● ≤0.97 09 (40.9%) 35 (52.2%) Ref Ref
● >0.97 13 (59.1%) 32 (47.8%) 0.63 (0.24–1.68) 0.358 0.62 (0.23–1.69) 0.354

WHtR
● ≤0.64 13 (59.1%) 27 (40.3%) Ref Ref
● >0.64 09 (40.9%) 40 (59.7%) 2.14 (0.80–5.70) 0.128 2.39 (0.86–6.65) 0.095

SCFT
● ≤20.5 14 (63.6%) 28 (40.0%) Ref Ref
● >20.5 08 (36.4%) 42 (60.0%) 2.62 (0.97–7.08) 0.056 1.29 (0.39–4.25) 0.679

PPFT
● ≤11.4 14 (63.6%) 27 (38.6%) Ref Ref
● >11.4 08 (36.4%) 43 (61.4%) 2.79 (1.03–7.52) 0.043** 1.84 (0.56–6.05) 0.313

PRPFT
● ≤12.1 19 (86.4%) 29 (41.4%) Ref Ref
● >12.1 03 (13.6%) 41 (58.6%) 8.9 (2.4–33.1) 0.001** 12.3 (2.9–51.6) 0.001**

VFT
● ≤60.8 13 (59.1%) 16 (22.9%) Ref Ref
● >60.8 09 (40.9%) 54 (77.1%) 4.9 (1.8–13.5) 0.002** 5.7 (1.9–16.9) 0.002**

VFT/SCFT
● ≤3.00 10 (45.5%) 24 (34.3%) Ref Ref
● >3.00 12 (54.5%) 46 (65.7%) 1.59 (0.60–4.23) 0.346 2.50 (0.78–7.97) 0.121

VAT
● ≤176 15 (68.2%) 16 (22.9%) Ref Ref
● >176 54 (77.1%) 07 (31.8%) 7.2 (2.5–20.8) <0.001** 10.7 (3.0–37.3) <0.001**

AFI
● ≤0.65 13 (59.1%) 57 (81.4%) Ref Ref
● >0.65 09 (40.9%) 13 (18.6%) 0.33 (0.12–0.93) 0.037** 0.30 (0.10–0.89) 0.030**

Notes: aAdjusted for traditional risk factors (age, sex, smoking, diabetes mellitus, hypertension and hyperlipidemia). **Significant at P < 0.05 level (2-tailed). 
Abbreviations: BMI, body mass index; WC, waist circumference, HC, hip circumference; WHR, waist to hip ratio; WHtR, waist to height ratio; PRPFT, posterior right 
perinephric fat thickness; SCFT, subcutaneous fat thickness; PPFT, preperitoneal fat thickness; VFT, visceral fat thickness; VFT/SCFT, visceral fat thickness over subcutaneous 
fat thickness; VAT, visceral adipose tissue volume; AFI, Abdominal wall fat index.
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that both WC and BMI are strongly associated with the 
risk of CAD, and that WC may predict the risk of CAD 
better than BMI among elderly women and men.12 Liu 

et al found that BMI, WC, and WHR have relatively 
weaker associations with cardiovascular risk factors.31 

Meanwhile, Shabestari et al found in their study that 

Table 5 Univariate and Multivariate Regression Analysis for Different Indices Predicting Severity of CAD

Factor Significant 
N (%) 
(n = 49)

Insignificant 
N (%) 
(n = 20)

Crude OR 
(95% CI)

P-value Adjusted ORa (95% CI) P-value

BMI
● ≤25.0 03 (06.0%) 03 (15.0%) Ref Ref
● >25.0 47 (94.0%) 17 (85.0%) 2.76 (0.51–15.0) 0.239 3.55 (0.56–22.5) 0.178

WC
● ≤104.9 12 (24.0%) 11 (55.0%) Ref Ref
● >104.9 38 (76.0%) 09 (45.0%) 3.87 (1.29–11.6) 0.015** 4.28 (1.37–13.4) 0.012**

HC
● ≤108.2 19 (38.0%) 10 (50.0%) Ref Ref
● >108.2 31 (62.0%) 10 (50.0%) 1.63 (0.57–4.64) 0.359 1.70 (0.57–5.03) 0.336

WHR
● ≤0.97 26 (54.2%) 09 (47.4%) Ref Ref
● >0.97 22 (45.8%) 10 (52.6%) 0.76 (0.26–2.21) 0.616 0.79 (0.27–2.31) 0.663

WHtR
● ≤0.64 15 (31.9%) 12 (60.0%) Ref Ref
● >0.64 32 (68.1%) 08 (40.0%) 3.20 (1.08–9.47) 0.036** 3.30 (1.10–9.89) 0.033**

SCFT
● ≤20.5 19 (38.0%) 09 (45.0%) Ref Ref
● >20.5 31 (62.0%) 11 (55.0%) 1.33 (0.47–3.81) 0.590 0.51 (0.12–2.16) 0.363

PPFT
● ≤11.4 20 (40.0%) 07 (35.0%) Ref Ref
● >11.4 30 (60.0%) 13 (65.0%) 0.81 (0.27–2.38) 0.698 0.41 (0.09–1.78) 0.235

PRPFT
● ≤12.1 21 (42.0%) 08 (40.0%) Ref Ref
● >12.1 29 (58.0%) 12 (60.0%) 0.9 (0.3–2.65) 0.878 0.9 (0.3–2.72) 0.872

VFT
● ≤60.8 08 (16.0%) 08 (40.0%) Ref Ref
● >60.8 42 (84.0%) 12 (60.0%) 3.5 (1.1–11.3) 0.036** 3.7 (1.1–12.2) 0.032**

VFT/SCFT
● ≤3.00 16 (32.0%) 08 (40.0%) Ref Ref
● >3.00 34 (68.0%) 12 (60.0%) 1.42 (0.48–4.15) 0.525 1.21 (0.32–4.54) 0.777

VAT
● ≤176 08 (16.0%) 08 (40.0%) Ref Ref
● >176 42 (84.0%) 12 (60.0%) 3.5 (1.1–11.3) 0.036** 3.7 (1.1–12.5) 0.034**

AFI
● ≤0.65 44 (88.0%) 13 (65.0%) Ref Ref
● >0.65 06 (12.0%) 07 (35.0%) 0.25 (0.07–0.89) 0.032** 0.25 (0.07–0.89) 0.033**

Notes: aAdjusted for traditional risk factors (age, sex, smoking, diabetes mellitus, hypertension and hyperlipidemia). **Significant at P < 0.05 level (2-tailed). 
Abbreviations: BMI, body mass index; WC, waist circumference, HC, hip circumference; WHR, waist to hip ratio; WHtR, waist to height ratio; PRPFT, posterior right 
perinephric fat thickness; SCFT, subcutaneous fat thickness; PPFT, preperitoneal fat thickness; VFT, visceral fat thickness; VFT/SCFT, visceral fat thickness over subcutaneous 
fat thickness; VAT, visceral adipose tissue volume; AFI, Abdominal wall fat index.
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WHR is an independent risk factor for CAD, and that it 
is better correlated with CAD than WC.15 Furthermore, 
Canoy et al found that WHR is independently more 
predictive of CAD in both men and women than WC or 
BMI.32

The current study has some limitations. First, although 
we included a relatively small number of participants, we 
included several anthropometric and abdominal indices to 
assess their association with CAD; we used the best cutoff 
value to determine the degree of risk as well. Second, it is 
possible that our results might have been biased by the 
participant population, because the participants were 
referred randomly from the outpatient clinic. Several risk 
factors can lead to coronary artery disease and many of 
these factors show clinical overlap and could be present in 
the same patient. Third, there was a high prevalence of 
using medication for the treatment of hypertension and 
diabetes in our study population, which likely affected 
the correlations with CAD. Finally, MRI and CT are super
ior imaging modalities for the measurement of abdominal 
fat thickness, but their limited availability, high cost, and 
hazards of ionizing radiation limit their usage. Therefore, 
we used ultrasonography in our assessment because of its 
higher accuracy compared to CT and MRI, its availability, 
its cost-effectiveness, and its high safety profile.

Conclusions
Posterior perinephric fat thickness and visceral adipose 
tissue volume measured by ultrasound are strong noninva
sive predictors of coronary artery disease, followed by 
body mass index, waist circumference, and visceral fat 
thickness; meanwhile, waist circumference, waist height 
ratio, visceral tissue thickness, and visceral adipose tissue 
volume are good noninvasive predictors of the severity of 
coronary artery disease.

Study Subjects or Cohorts Overlap
Part of the study population has been previously reported 
in the study under press in the Ultrasonography Journal. In 
this study, the association between abdominal fat and 
anthropometric indices were assessed with carotid 
atherosclerosis.

Abbreviations
PRPFT, posterior right perinephric fat thickness; SCFT, 
subcutaneous fat thickness; PPFT, preperitoneal fat thick
ness; VFT, visceral fat thickness; BMI, body mass index; 
WC, waist circumference; HC, hip circumference; WHR, 

waist hip ratio; WHtR, waist height ratio; CAD, coronary 
artery disease.
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