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  Original Article  

In recent years, there has been a dramatic increase 
in global prevalence of obesity, which is major risk 
factor for multiple cardiovascular disease (CVD) risk 
factors, including hypertension (HT), dyslipidemia 
(DLP), diabetes, metabolic syndrome, and some types 
of cancers(1,2). In Thailand, some studies showed a 
high prevalence of overweight and obesity, which 
increased in the past two decades(3,4).

Many studies have demonstrated that different 
adipose tissue compartment may be associated 
with differential metabolic risk. In particular, 
the visceral adipose tissue (VAT) poses a greater 

risk for developing obesity-related disorders than 
subcutaneous adipose tissue (SAT) accumulation(5-8).

The VAT may be a unique pathogenic fat depot 
because it secretes vasoactive substances and other 
various bioactive adipocytokines(8-11). Adipocytokines 
levels are increased in obesity-related diseases 
such as type 2 diabetes, metabolic syndrome, and          
CVDs(12-14). Other studies suggested that VAT is 
strongly associated with an adverse metabolic risk 
profile(15).

Currently, the gold standard for the quantitative 
assessment of intra-abdominal adipose tissue is 
computed tomography (CT) and magnetic resonance 
imaging (MRI)(16). Cross-sectional view can be 
measured in single or multiple slices at pre-determined 
landmarks, which generates strong correlations with 
the fat volume. Thus, determining quantity of VAT 
can be measured at the visceral fat area (VFA) from 
CT(17,18).

Previous studies showed an association between 
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obesity and coronary artery calcium (CAC)(19-21). 
CAC is a marker for atherosclerotic burden, which 
positively associate with cardiovascular event(22-24). 
It is usually found using a low radiation dose CT 
scanning technique as a screening method(25).

The goal of the present study was to determine 
the relationship of abdominal adiposity, including 
body mass index (BMI), waist circumference (WC) 
and CT measurements of adiposity including VFA and 
subcutaneous fat area (SFA) on the presence of CAC 
as detected by multidetector computed tomography 
(MDCT) in asymptomatic Thai patients. Moreover, 
the prevalence of the presence of CAC in Thai patients 
was also evaluated.

Materials and Methods
Subjects

Between January and December 2012, 
asymptomatic participants underwent MDCT for 
assessment of coronary artery disease (CAD) at 
the advanced diagnostic imaging center (AIMC), 
Ramathibodi Hospital, Mahidol University. The 
2,105 participants determined as moderate to high 
risk according to RAMA-EGAT score(26) were 
recruited. Of these patients, 205 were excluded due 
to incomplete data. Finally, the study consisted of 
1,900 patients.

The present study was a retrospective cross-
sectional analytic study, had been approved 
by the Local Research Ethics Committee, and                         
written informed consents were obtained from all 
patients.

Risk factor assessment
All  pat ients  provided detai ls  of  their 

demographics, medical history, and medication 
usage in clinical risk factor questionnaires. The BMI 
was calculated by the formula weight in kg divided 
by height-square in m². WC was measured in inches 
by using a tape measure at the umbilicus level. The 
cardiovascular risk factor was calculating using the 
Framingham risk score(27).

HT was defined by documented data or current 
treatment with anti- hypertensive drugs. Diabetes was 
characterized by self-report or current treatment with 
hypoglycemic agent or insulin. Hyperlipidemia was 
defined by documented data or current treatment with 
lipid lowering agent.

Smoking was classified as current smoking, 
quitting more than 1-month, and never smoking. 
Family history of CAD was determined as CAD in 
male relative before the age of 55 and female relative 

before the age of 65.
Prior to the CT scan, fasting blood samples were 

obtained. Serum fasting blood sugar (FBS) and lipid 
profile were also measured.

CAC scoring using MDCT
All patients were imaged using a 320-slice CT 

scanner (Aquilion ONE, Toshiba, Tokyo, Japan). 
Prospective electrocardiogram-gated scans were 
performed in supine position, single breath hold from 
the carina to the apex of the heart. A tube current of 
200 to 250 mA, voltage of 120 kVp and 3-mm slice 
thickness, 75% of R-R images were obtained. The 
mean effective doses were calculated to be about 1.1 
to 1.7 mSv.

The calcium score was determined using a 
commercially available external workstation (Vitrea 
fx 3.0.1, Vital Images, Minnesota, USA). CAC score 
was calculated according to the Agatston method as 
previously described(22,23). The regions of interest 
were defined based on the vessels and slices, and 
using the threshold option for pixels greater than                          
130 Hounsfield units (HU) to measure the area and 
peak density of the plaques. Depending on the peak 
density of the plaque, an area of at least 0.52 mm² 
(2 pixels) was multiplied by one of the following 
cofactors, a factor of one for 130 to 199 HU, a factor 
of two for 200 to 299 HU, a factor of three for 300 
to 399 HU, and a factor of four for densities greater 
than 400 HU. The total CAC score was calculated as 
the sum of the individual lesion scores in all coronary 
arteries.

MDCT abdominal fat measurements
In addition to cardiac CT scans, single-slice 

abdominal scan was performed in supine position with 
both arms stretched above the head and single breath 
hold, using 320-slice CT scanner (Aquilion ONE, 
Toshiba, Tokyo, Japan). Conventional CT scan was 
obtained at the umbilicus level (L4 to L5 level) with 
a tube current of 400 mA, voltage of 120 kVp and 
single slice. The mean effective doses were calculated 
to be about 0.04 to 0.07 mSv.

The abdominal fat area was obtained using 
a commercially supplied software (ViTrak 1.5, 
AccuImage Diagnostics, CA, USA) (Figure 1). 
Subcutaneous fat was defined as the extraperitoneal 
fat between the skin and muscles, with attenuation 
ranging from –150 to 0 HU. The intraperitoneal part 
with the same density as the subcutaneous fat layer 
was defined as visceral fat. The VFA and SFA were 
determined.
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Statistical analysis
Categorical variables were presented as numbers 

of patients [n (%)]. Continuous variables were 
expressed as mean ± standard deviation (SD) in 
normal distribution or median, range in non-normal 
distribution. Analyses of each risk factor were 
performed using Mann-Whitney U test and chi-
square test for continuous and categorical variables, 
respectively. The correlation coefficient was estimated 
by Pearson’s correlation.

Univariate analysis was used to assess the 
associations among the presence of CAC, risk factors 
and abdominal fat area. However, utilization of CAC 
as a continuous variable in standard parametric 
analyses is challenging due to high frequency of zero 
scores resulting in high skewed distribution, CAC 
was dichotomized in presence or absence of CAC. 
For analyses of some of the risk factors such as age, 
WC, BMI, FBS, TG, and high-density lipoprotein 
(HDL), the authors also categorized based on RAMA-
EGAT score(26), Framingham risk score(27), and Adult 
Treatment Panel (ATP) III criteria for metabolic 
syndrome(28). The results of univariate analyses, which 
had a p-value of less than or equal to 0.10, were further 
used in multivariate logistic regression analysis for 
parsimonious model.

Multivariate logistic regression analysis was 
performed to assess the independent relationship 
of each risk factor to the presence of CAC. A 95% 
confidence interval (CI) and p-value of less than or 
equal to 0.05 were considered to indicate significant 
results. All of statistical tests were performed          
using Stata version 13.0. The present study was 
approved by the Ethics Committee of the Faculty 
of Medicine, Mahidol University (study code: ID 
09-56-41).

Results
Patient characteristics

Two thousand one hundred five participants 
were enrolled in the present study. Two hundred five 
participants were excluded due to incomplete data, 
resulting in 1,900 patients being included in this 
study (Table 1).

Figure 1. Demonstrates CT measurement of abdominal fat 
area at umbilical level; green color represents SFA and red 
color represents VFA.

Table 1. Baseline characteristic

Characteristics All subject (n=1,900)
n (%)

Demographic

Age (year); median (range) 61 (31 to 90)

Sex

• Male 685 (36)

• Female 1,215 (64)

Weight (kg); median (range) 63 (35 to 172)

Height (cm); median (range) 159 (133 to 186)

BMI (kg/m²); median (range) 24.9 (15.7 to 64.7)

WC (inch); median (range) 33 (19 to 55)

Risk factor

Diabetes mellitus 374 (19.7)

Hypertension 768 (40.6)

Dyslipidemia 1,222 (65.4)

Smoking

• Current smoker 96 (5.1)

• Quit more than 1 month 515 (27.1)

• Never smoke 1,284 (67.8)

Family history of CAD 370 (19.5)

Physical exam and lab; median (range)

SBP (mmHg) 132 (87 to 217)

DBP (mmHg) 81 (38 to 129)

FBS (mg/dl) 94 (40 to 289)

Total cholesterol (mg/dl) 207 (42 to 374)

Triglyceride (mg/dl) 109 (75 to 809)

HDL (mg/dl) 53 (4 to 124)

LDL (mg/dl) 124 (20 to 285)

Fat screening data; median (range)

TFA (cm²) 366.1 (64.7 to 842.8)

VFA (cm²) 136.6 (9.3 to 372.6)

SFA (cm²) 219.6 (25.3 to 643.5)

Visceral to total fat ratio 37.2 (7.9 to 71.5)

Visceral to subcutaneous fat ratio 59.2 (8.6 to 666.2)

SD=standard deviation; BMI=body mass index; WC=waist circum-
ference; CAD=coronary artery disease; FBS=fasting blood sugar; 
SBP=systolic blood pressure; DBP=diastolic blood pressure; HDL= 
high density lipoprotein; LDL=low density lipoprotein; TFA=total fat 
area; VFA=visceral fat area; SFA=subcutaneous fat area
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The study patients consisted of 685 men (36%) 
and 1,215 women (64%), with a mean age of 61 years 
(range 31 to 90). The median BMI was 24.9 kg/m² 
(range 15.7 to 64.7). The median WC was 33 inches 
(range 19 to 55). The median of fat screening data 
was total fat area (TFA), VFA, and SFA as 366.1 cm² 
(range 64.7 to 842.8), 136.6 cm² (9.3 to 372.6), 219.6 
cm² (25.3 to 643.5), respectively. The VFA was larger 
in men than women, however, the SFA was larger in 
women than men (Table 2).

Prevalence of CAC
The prevalence of presence of CAC in all patients 

was 56.7% (1,077 of 1,900) (Table 3). The prevalence 
of CAC in men was 67.9% (465 of 685) and in women 
was 50.3% (612 of 1215).

Risk factors and CAC
The patient characteristics according to CAC 

status are shown in Table 4. The patients with presence 
of CAC were significant in men, older, higher weight, 
higher BMI, large WC, higher prevalence of diabetes 
mellitus (DM), HT, DLP, smoking, and high FBS.

Abdominal fat measurement and CAC
According to tertiles of TFA, VFA, SFA, visceral 

to total fat ratio and visceral to subcutaneous fat ratio, 
all were significantly associated with presence of 
CAC, except for SFA.

After adjusting the multivariate logistic 
regression analysis, visceral to total fat ratio remained 
significantly associated with the presence of CAC 
with an adjusted odds ratio (OR) of 1.55 (95% CI 
1.12 to 2.00, p=0.001). Additionally, gender, age, 
WC, history of DM, and HT were also significantly 
associated with the presence of CAC as shown in 
Table 5.

Discussion
The present research is a large study to investigate 

the relationship between abdominal adiposity 
measured by multi-slice CT and the presence of CAC 
in Thai patients. VFA as visceral to total fat ratio, 
an index of visceral adiposity, was found to be an 
independent risk factor predictor of the presence of 
CAC even after adjustment for sex, age, BMI, WC, 
and traditional cardiovascular risk factors. These 
results are consistent with the accumulating evidence 
that measurements of visceral adiposity are more 
strongly related to CVD compared with BMI(6,7).

The present study also assessed the prevalence of 
presence of CAC in Thai patients, which increase with 
advancing age and is higher in male than in female.

Previously, Hoff et al(29) studied 35,246 
asymptomatic self-referred adults and found that 
the prevalence of CAC increased with the age 
for men and women and total CAC scores were 
higher in men than in women across all age groups. 
Additionally, men consistently demonstrated CAC 
scores equal to women who were 15 years older, 
suggesting that subclinical CAD is detected earlier 
in men compared with women. The Multi-Ethnic 
Study of Atherosclerosis (MESA)(30) showed that 

Table 2. Fat screening data according to gender

Fat screening data Female
n (%)

Male
n (%)

TFA tertile (cm²)

<320 374 (30.8) 260 (37.0)

320 to 409 404 (33.2) 208 (30.3)

≥410 437 (36.0) 217 (31.7)

VFA tertile (cm²)

<115 506 (41.7) 138 (20.1)

115 to 159 436 (35.9) 187 (27.3)

≥160 273 (22.4) 360 (52.6)

SFA tertile (cm²)

<190 289 (23.8) 352 (51.4)

190 to 259 423 (34.8) 225 (32.8)

≥260 503 (41.4) 108 (15.8)

Visceral to total fat ratio tertile

<33 593 (48.8) 53 (7.7)

33 to 42 474 (39.0) 199 (29.1)

≥43 148 (12.2) 433 (63.2)

Visceral to subcutaneous fat ratio tertile

<48 559 (46.0) 51 (7.5)

48 to 69 455 (37.5) 165 (24.1)

≥70 201 (16.5) 469 (68.5)

TFA=total fat area; VFA=visceral fat area; SFA=subcutaneous fat area

Table 3. CAC score according to gender

CAC score Total
n (%)

Female
n (%)

Male
n (%)

0 823 (43.3) 603 (49.6) 220 (32.1)

1 to 10 238 (12.5) 152 (12.5) 86 (12.6)

>10 to 100 424 (22.3) 270 (22.2) 154 (22.5)

>100 to 400 239 (12.6) 123 (10.1) 116 (16.9)

>400 176 (9.3) 67 (5.5) 109 (15.9)

Total 1,900 1,215 685

CAC=coronary artery calcium
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Table 4. Univariate analysis of factors associated with CAC

Factors Group; n (%) OR 95% CI p-value

Presence of CAC No CAC
Demographics

Age (years)
• ≤55 126 (37.3) 211 (62.7) 1
• >55 951 (60.8) 296 (39.2) 3.05 2.51 to 3.71 <0.001
Sex
• Female 612 (50.4) 603 (49.6) 1
• Male 465 (67.9) 220 (32.1) 2.08 1.71 to 2.54 <0.001
Weight (kg)
• <60 416 (51.3) 395 (48.7) 1
• >60 661 (60.7) 428 (39.3) 1.47 1.22 to 1.76 <0.001
Height (cm)
• <160 575 (61.6) 359 (38.4) 0.67 0.56 to 0.81 <0.001
• >160 502 (51.9) 464 (48.1) 1
BMI (kg/m²)
• ≤25 563 (53.7) 485 (46.3) 1
• >25 514 (60.3) 338 (39.7) 1.31 1.09 to 1.57 0.004
WC
• Abdominal obesity* 627 (58.8) 439 (41.2) 1.22 1.01 to 1.46 0.034
• No abdominal obesity 450 (54.0) 384 (46.0) 1

Risk factors
Diabetes mellitus
• Yes 252 (67.4) 122 (32.6) 1.76 1.38 to 2.23 <0.001
• No 825 (54.1) 701(45.9) 1
Hypertension
• Yes 515 (67.1) 253 (32.9) 2.06 1.70 to 2.50 <0.001
• No 558 (49.7) 564 (50.3) 1
Dyslipidemia
• Yes 721 (59.0) 501 (41.0) 1.32 1.09 to 1.60 0.050
• No 333 (52.2) 309 (47.8) 1
Smoking
• Yes 65 (67.7) 31 (32.3) 1.79 1.15 to 2.78 0.001
• Quit 318 (61.8) 197 (38.2) 1.38 1.12 to 1.70
• No 693 (54.0) 591 (46.0) 1
Family history
• Yes 201 (54.3) 169 (45.7) 0.88 0.70 to 1.11 0.294
• No 875 (57.3) 655 (42.8) 1

Laboratory data
FBS (mg/dl)
• >100 623 (52.6) 526 (47.4) 1.57 1.29 to 1.90 <0.001
• <100 454 (63.5) 261 (36.5) 1
Triglyceride (mg/dl)
• >150 254 (57.7) 186 (42.3) 1.05 0.85 to 1.31 0.648
• <150 779 (56.5) 600 (43.5) 1
HDL
• Low 287 (58.6) 203 (41.4) 1.11 0.09 to 1.37 0.328
• Normal 790 (56.0) 120 (44.0) 1

Fat screening data
TFA tertile (cm²) <0.001
• <320 334 (52.7) 300 (47.3) 1
• 320 to 409 345 (56.4) 267 (43.6) 1.16 1.12 to 1.74
• ≥410 398 (60.9) 256 (39.1) 1.40 0.95 to 1.30
VFA tertile (cm²) <0.001
• <115 314 (48.8) 330 (51.2) 1
• 115 to 159 336 (53.9) 287 (46.1) 1.23 0.99 to 1.53
• ≥160 427 (67.5) 206 (32.5) 2.18 1.74 to 2.73
SFA tertile (cm²) 0.259
• <190 380 (59.3) 261 (40.7) 1.16 0.93 to 1.45
• 190 to 259 357 (55.1) 291 (44.9) 0.98 0.78 to 1.22
• ≥260 340 (55.7) 271 (44.4) 1
Visceral to total fat ratio tertile <0.001
• <33 311 (48.1) 335 (51.9) 1
• 33 to 42 359 (53.3) 314 (46.7) 1.23 0.99 to 1.53
• ≥43 407 (70.1) 174 (29.9) 2.52 2.00 to 3.19
Visceral to subcutaneous fat ratio tertile <0.001
• <48 296 (48.5) 314 (51.5) 1
• 48 to 69 323 (52.1) 297 (47.9) 1.15 0.92 to 1.44
• ≥70 458 (68.4) 212 (31.5) 2.29 1.83 to 2.88

OR=odds ratio; CI=confidence interval; BMI=body mass index; WC=waist circumference; FBS=fasting blood sugar; HDL=high density lipopro-
tein; TFA=total fat area; VFA=visceral fat area; SFA=subcutaneous fat area; CAC=coronary artery calcium
* Waist circumference in male more than 36 inch and female more than 32 inch
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Table 5. Multivariate logistic regression of the association 
between factors and CAC

Coefficient OR 95% CI p-value

Demographics

Age 1.15 3.18 (2.61 to 3.88) <0.001

Sex 0.62 1.85 (1.44 to 2.37) <0.001

WC 0.22 1.24 (1.01 to 1.53) 0.034

Risk factors

Hypertension 0.58 1.79 (1.46 to 2.20) <0.001

Lab data

FBS 0.25 1.28 (1.04 to 1.58) 0.021

Fat screening data

Visceral to total 
fat ratio

0.44 1.55 (1.12 to 2.00) 0.001

OR=odds ratio; CI=confidence interval; WC=waist circumference; 
FBS=fasting blood sugar

men had greater calcium levels than women, and 
calcium amount and prevalence were steadily higher 
with increasing age. Besides, there were significant 
difference in calcium by race where Chinese had 
lowest calcium value among white, Hispanic, and 
black.

Among the studies in Asia, Shisen et al(31) 
examined 953 physician-referred Chinese patients 
and demonstrated that prevalence of CAC increased 
significantly with age and was much higher in male 
than female (77% in male). The finding is in contrast 
to the present study and might have resulted from the 
higher male patients than the present study and the 
selected nature of the sample (i.e., physician-referred 
subjects), which might have over-estimated the true 
prevalence of CAC. In Korea, Park et al(32) showed 
similar age and gender associations to the present 
study but the prevalence of CAC tended to be lower 
in Koreans, which could be due to larger sample size 
and the present study were self-referred subjects.

Many prior studies have identified association 
between visceral adiposity and CAC. In St. Francis 
Heart Study(33), visceral obesity measured by waist to 
hip ratio or intra-abdominal adiposity was positively 
correlated with CAC among 1,269 U.S. women and 
men in 50 to 70 years old. The CARDIA study(34) 
has demonstrated that abdominal obesity measured 
by waist girth or waist to hip ratio was associated 
with CAC in 2519 African-American and white 
young adults in models adjusted for cardiovascular 
risk factors. For diabetic individuals, the PREDICT 
study(35) showed waist to hip ratio was significant 
predictor after adjustment for multiple cardiovascular 

risk factors in 495 diabetic subjects. In another 
multiethnic study on type 2 diabetes, visceral fat 
measured by CT predicted CAC.

For the previous studies that have used as a 
direct measure of VAT, the findings were similar. 
A sub-study from MESA(36) found an association 
between non-subcutaneous fat adiposity and CAC in 
both gender. Fox et al examined 3,130 participants 
from the Framingham Heart Study(20) and Lui et al 
studied 2,884 African-Americans in the Jackson Heart 
Study(37) found similarly that BMI, WC, SAT, VAT 
were all associated with CAC.

Among 390 Japanese patients, Ohashi et al(21) 
observed that VFA was significant related to CAC in 
both men and women. However, the authors cannot 
compare these findings directly with the results of 
the study as they included both symptomatic and 
asymptomatic patients.

The significant association between visceral fat 
and CAC observed in the present study could explain, 
at least in part, the excess risk of atherosclerosis in 
abdominal obese patients. Therefore, measuring 
visceral fat is a useful clinical tool for identifying 
patients with potential future CVD risk.

The large sample size, the low dose non-contrast 
study assessment of CAC, and abdominal adiposity 
by MDCT are strengths of the present investigation.

Limitation
The present study had some limitations. First, the 

data were exclusively collected from Thai patients 
with moderate to high risk for CVD in a single 
institute using across sectional retrospective method. 
Considering the cross-sectional nature of the present 
study, causality cannot be established. As well as, it 
is uncertain whether the present study findings can 
be generalized to all Thai population or even low 
risk subjects. Prospective-cohort study should be 
warranted.

Second, the outcome was used as the presence 
of CAC not the extent of CAC. As the result, the 
authors cannot tell whether presence of higher VFA 
associated with higher or progression of CAC. It is 
possible that measures of adiposity may be associated 
with progression of CAC.

Conclusion
The authors found that visceral adiposity 

measured by MDCT is significantly associated with 
the presence of CAC as a marker of subclinical 
atherosclerosis in Thai patients. Additionally, the 
prevalence of the presence of CAC is higher in male 
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than female and increased with advancing age.

What is already known on this topic?
VAT is strongly associated with an adverse 

metabolic risk profile.

What this study adds?
Visceral adiposity measured by MDCT is 

significantly associated with the presence of CAC as a 
marker of subclinical atherosclerosis in Thai patients.
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