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Background: Whether abdominal visceral adipose tissue (VAT) has a stronger association with metabolic
syndrome (MS) and cardiometabolic risk factors (CMRFs) than intrathoracic adipose tissue (IAT) is not yet
known. We aimed to compare the associations between IAT at multiple levels and VAT with MS and CMRFs
using quantitative computed tomography (QCT). The predictive value of IAT and VAT was compared.
Methods: A total of 256 participants who underwent chest low-dose computed tomography (LDCT) for lung
cancer screening and QCT examinations for adipose tissue quantification were included. IAT at the T'1/2 to T7/8
levels and VAT at the L.2/3 level were measured by QCT. Correlation analysis was performed to determine the
correlation of IAT and VAT with CMRFs. Logistic regression was used to calculate the odds ratio (OR) in adipose
tissue for MS and the presence of two or more CMRFs, and the area under the curve (AUC) of the receiver
operating characteristic (ROC) curve was used to compare the predictive performance.

Results: The VAT areas showed slightly stronger correlation with all CMRFs (r=-0.422 to 0.357, P<0.001)
than IAT areas at different levels (r=-0.329 to 0.318, P<0.05). After adjusting for sex, age, and body mass
index (BMI), the TAT areas were not associated with MS (P>0.05), but VAT areas remained associated with
MS (OR =1.022, P=0.001). The VAT areas showed significantly higher predictive power (AUC =0.845)
than IAT areas at T2/3 (AUC =0.725) and T6/7 (AUC =0.743) levels for predicting MS (P=0.004, P=0.021,
respectively) in males. VAT areas had higher AUC values (AUC: 0.806 and 0.748) for predicting MS and the
presence of two or more CMRFs than TAT areas at T2/3 (AUC: 0.707 and 0.657) and T6/7 (AUC: 0.748 and
0.636) levels without statistically significant differences (P>0.05) in females.

Conclusions: Both VAT and IAT were associated with CMRFs, but VAT had a slightly stronger
correlation with all CMRFs than IAT. After adjusting for sex, age, and BMI, VAT was an independent factor
of MS rather than IAT. VAT may have slightly better predictive value for MS and the presence of two or
more CMRFs.

Keywords: Cardiometabolic risk factors (CMRFs); computed tomography (CT); metabolic syndrome (MS);

mediastinal fat; visceral adipose tissue (VAT)
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Introduction

Obesity is associated with an increased risk of developing
metabolic syndrome (MS). MS has been defined as a
clustering of multiple risk factors that include abdominal
fat accumulation, lipid abnormalities, hypertension,
and insulin resistance (1). Obesity is often defined by
anthropometric indices, including body mass index (BMI)
and waist circumference (WC). However, BMI and WC
cannot differentiate visceral adipose tissue (VAT) from
subcutaneous adipose tissue (SAT). Different fat depots may
have differential associations with vascular and metabolic
diseases. Excessive VAT accumulation may contribute to
the development of vascular and metabolic diseases (2,3).
By comparison, SAT is reported as a weaker indicator of
metabolic diseases (4,5). Hence, an accurate assessment of
fat in different body regions is integral to understanding
obesity-related comorbidities.

Chest and abdominal computed tomography (CT), as a
high-resolution cross-sectional imaging modality, provides
a means of accurately quantifying fat distribution and
separating fat into intrathoracic and abdominal visceral, and
subcutaneous compartments (6,7). Multiple volume imaging
is recognized as the gold standard for such measures. Many
studies have demonstrated that VAT measured in a single
CT slice through the abdomen correlates significantly
with the total volume of VAT, and is a good representation
of total VAT accumulation (8,9). Considering the time-
consuming nature, high cost, and radiation exposure of
multi-slice CT scans, the cross-sectional areas of abdominal
adipose tissue have been measured on single CT slices. The
L2/3 intervertebral disc level has been recommended as an
optimal anatomic site for abdominal fat measurement in a
single CT slice using quantitative computed tomography
(QCT) (10). With the increasing clinical use of chest low-
dose CT (LDCT) imaging for lung cancer screening, there
is an opportunity to gain insight into fat distribution by
QCT measurement based on chest LDCT images (11).

The way in which fat is distributed is an important factor
for the assessment of cardiometabolic risk (12). Researchers
have investigated the relationship between abdominal
VAT and SAT in terms of MS (13,14). Intrathoracic
adipose tissue (IAT) is a marker that has been shown to be
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reproducible by chest CT imaging, and appears to correlate
with serologic markers of vascular inflammation (15).
Intrathoracic and pericardial fat volumes are associated with
the extent of coronary artery calcification and MS (16).
Recently, Chen ez 4l. (17) discovered an association between
mediastinal and intrathoracic fat volumes and the presence
of MS.

However, whether VAT has a stronger association with
MS and cardiometabolic risk factors (CMRFs) than IAT
is not yet known. Similar studies investigating both IAT
and VAT areas derived from CT in the Chinese population
are limited. Along with the implementation of quantifying
fat distribution in a single slice, it is necessary to compare
IAT and abdominal VAT for discriminating patients with
MS and CMRFs, as the distribution of truncal fat varies
among different anatomic levels. In this study, we aimed to
compare the associations between cross-sectional IAT areas
at multiple levels and abdominal VAT areas with MS and
CMRFs using QCT based on chest LDCT. Meanwhile, we
investigated and compared the predictive value of the IAT
and VAT areas for MS and the presence of two or more
(>2) CMRFs. We present this article in accordance with
the STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-24-2402/rc).

Methods

The retrospective study protocol was conducted in
accordance with the Declaration of Helsinki and its
subsequent amendments and was approved by the
institutional Ethics Committee of Zhejiang Provincial
People’s Hospital (No. KY2024180). The requirement
for informed consent was waived due to the retrospective
nature of the study.

Participants

We retrospectively collected patients who underwent chest
LDCT for lung cancer screening and QCT examination
for adipose tissue quantification to assess visceral obesity
during health check-ups from June 2019 to December 2019
in Zhejiang Provincial People’s Hospital. The patients
were excluded if they had: (I) taken hormones or drugs
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Figure 1 Examples of the borders of the intrathoracic and abdominal compartment with contours applied in the QCT system. The blue

region inside the green outline (dot polyline) is IAT at the T2/3 (A) and T6/7 (B) levels. The blue region outside the green outline is

SAT, and the blue region inside is VAT at 1.2/3 (C) level. The green regions (not green outlines) in the image represent the cortical bone

automatically recognized by QCT system. IAT; intrathoracic adipose tissue; QCT, quantitative computed tomography; SAT, subcutaneous

adipose tissue; VAT, visceral adipose tissue.

that might alter body fat distribution, such as prednisone
or growth hormone; (II) malignant tumor and metabolic
disease, such as known hyperthyroidism or hypothyroidism;
or (IIT) cirrhosis accompanied by ascites. A total of 327
participants were initially included, but 71 participants
were subsequently excluded because of the lack of WC
data. Finally, a total of 256 participants were included,
comprising 150 men and 106 women aged 50-87 years who
were all Chinese.

Chest LDCT scan protocol

Chest LDCT scan ranged from the apex of the lung to the
inferior border of the L2 vertebra. Scan parameters were
set in accordance with the “China Health Quantitative
CT Big Data Project Research Program” (11), as follows:
120 kVp, average 30 mAs with automatic tube current,
512x512 matrices, and 500 mm scan field of view
(FOV), and reconstructed utilizing a slice thickness of
1.25 mm and standard kernel of adaptive statistical iterative
reconstruction (ASiR) in the CT scanner (Optima CT'540,
GE Healthcare, Chicago, IL, USA).

QCT measurements of adipose tissue

Chest LDCT images in QCT format were post-processed.
The adipose tissue was measured with the Tissue
Composition Module of QCT software (Mindways Software
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Inc., Austin, TX, USA). Using QCT software, adipose
tissue was automatically segmented and mapped in blue
color, and the outer contour of abdominal wall was semi-
automatically outlined on the single L2/3 intervertebral
space slice. The abdominal total adipose tissue (TAT) and
VAT areas (cm’) were automatically calculated, and TAT
areas minus VAT areas were equal to SAT areas. The IAT
measurements were retrospectively performed at the single
slice of each intervertebral space level in the chest because
the optimal level of IAT measurement was not yet clear.
A well-trained physician (L.H.Z.) manually outlined the
outer contour of mediastinum, and IAT areas (cm’) were
automatically calculated by the QCT software (Figure I).

Anthropometric measurements and blood tests

Anthropometric measurements, including height, weight,
and WC at the umbilical level, were collected by adhering
to standardized methods. BMI was calculated as weight in
kilograms divided by the square of the height in meters.
Venous blood samples were taken and used for measurement
of fasting plasma glucose (FPQG) by glucose oxidase method,
and lipid profile testing, including triglycerides (T'G) and high-
density lipoprotein cholesterol (HDL-C), by enzymatic method
using an autoanalyzer (Beckman Coulter, Brea, CA, USA).
Systolic blood pressure (SBP) and diastolic blood pressure (DBP)
were measured using an electronic sphygmomanometer (Omron
Healthcare Company, Kyoto, Japan).
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Definition of MS and CMRFs

The MS was defined using the 2005 International Diabetes
Federation (IDF) criteria (1) as the WC plus any two
CMRFs. WC >90 cm in men, >80 cm in women. CMRFs
included the following: (I) raised TG (>1.7 mmol/L) or
specific treatment for this lipid abnormality; (II) reduced
HDL-C (<1.03 mmol/L in men, <1.29 mmol/L in women)
or specific treatment for this lipid abnormality; (III) raised
SBP/DBP (>130/85 mmHg) or treatment for previously
diagnosed hypertension; (IV) raised FPG (=5.6 mmol/L) or
previously diagnosed type 2 diabetes.

Statistical analysis

Continuous variables were visually assessed for normal
distribution using QQ-plots. Continuous variables were
summarized using the mean = standard deviation (SD)
if normally distributed and the median and interquartile
range (IQR) if not normally distributed. Continuous
variables were compared between the two groups using
an independent samples z-test, whereas TG and FPG
were compared using Mann-Whitney U test because they
were abnormally distributed. Categorical variables were
analyzed using the y’ test. Spearman correlation was used
to assess the correlations of adipose tissue with TG and
FPG, respectively. The correlations of adipose tissue with
other CMRFs were analyzed using Pearson’s correlation
coefficient. Logistic regression was used to calculate the
odds ratio (OR) and 95% confidence interval (CI) of IAT
and VAT for MS and the presence of 22 CMRFs after
adjusting for age, sex, and BMI. The OR was expressed per
SD increase to facilitate comparisons between adipose tissue
variables. Receiver operating characteristic (ROC) curve
analyses were used to compare the predictive performance
of the adipose tissue for MS and the presence of >2 CMRFs
according to the area under the curve (AUC) of the ROC
curve. The larger the AUC, the greater the predictive
power of each indicator. DeLong’s test was used to assess
the difference of AUC values. The Youden index was used
to identify optimal cut-off values. Statistical analysis was
performed using the software SPSS 22.0 (IBM Corp.,
Armonk, NY, USA) and MedCalc 18.11.3 (MedCalc
Software, Ostend, Belgium). A two-tailed P value <0.05 was
considered significant.
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Results
Population characteristics

The characteristics of the participants are shown
in Tuble 1. The following prevalence percentages
of the 256 participants were observed: 30.08% for
hypertriglyceridemia, 28.52% for low HDL-C, 55.47% for
hypertension, and 24.22% for hyperglycemia. There was no
statistically significant difference in the age, SBP, and FPG
between men and women (P>0.05). The BMI, WC, DBP,
TG, and IAT areas at each level, VAT areas, and TAT areas
of men were higher than those of women (P<0.01), but
HDL-C and SAT areas were lower than those of women
(P<0.001). We focused on the IAT areas at the T1/2-T7/8
levels, where fat located in the thorax for all participants.
The IAT areas were gradually significantly increased from
the T4/5 to 'T7/8 levels in all participants (P<0.01).

The comparison of adipose tissue in participants with and
without MS, or the presence of two or more CMRFs

Of the 256 participants, 65 (25.39%) had MS, and 111
(43.36%) had 22 CMRFs. The comparison of adipose tissue
areas in participants with and without MS, or the presence
of 22 CMREFs is shown in Table 2. The IAT areas at each
level, VAT areas, and SAT areas in patients with MS or the
presence of >2 CMRF's were higher than those without MS
or the presence of >2 CMRFs (P<0.05). Among the levels of
T1/2t0'T7/8, the IAT areas at the T6/7 level had the largest
mean difference between patients with and without MS
(10.25 em’), or the presence of =2 CMRFs (7.56 cm’). The
mean differences of VAT and SAT areas between patients
with and without MS were higher than those between
patients with and without the presence of >2 CMRFs.

Correlations between adipose tissue and CMRFs

The correlations between adipose tissue areas and CMRFs
are shown in Figure 2. Higher fat measures including
TAT and VAT were associated with higher SBP, DBP,
FPG, and TG, and lower HDL-C. IAT areas at the T1/2
level were significantly correlated with CMRFs (P<0.01),
except for FPG (P=0.075). VAT areas and IAT areas at the
T2/3 to T7/8 levels were significantly correlated with all
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Variables N All (n=256) Men (n=150) Women (n=106) P value
Age (years) 256 57.82+7.13 57.6+6.9 58.1+7.5 0.594

BMI (kg/m?) 256 24.09+2.82 24.69+2.60 23.24+2.89 <0.001
WC (cm) 256 83.50+8.63 87.01+7.54 78.53+7.59 <0.001
SBP (mmHg) 256 133.06+18.48 134.08+£19.474 131.61+£16.965 0.294

DBP (mmHg) 256 78.56+11.303 80.91+£11.342 75.24+10.426 <0.001
TG (mmol/L) 256 1.31 (0.98-1.84) 1.35(1.01-2.03) 1.24 (0.93-1.61) 0.008

HDL-C (mmol/L) 256 1.31+£0.36 1.20+0.26 1.46+0.39 <0.001
FPG (mmol/L) 256 5.10 (4.81-5.56) 5.11 (4.82-5.61) 5.06 (4.77-5.55) 0.418

T, IAT (cm?) 256 12.20+3.51 13.23+3.56 10.74+2.87 <0.001
T, IAT (cm?) 256 11.05+3.93 12.77+8.63 8.63+2.71 <0.001
Tas IAT (cm?) 256 11.70+5.14 13.67+5.18 8.93+3.58 <0.001
T,s IAT (cm?) 256 13.98+6.85 15.74+7.13 11.49+5.59 <0.001
Ts6 IAT (cm?) 256 19.75+8.45 21.60+8.66 17.13+7.42 <0.001
Te IAT (cm?) 256 27.05+11.73 29.18+12.24 24.03+10.28 <0.001
T, IAT (cm?) 256 34.62+12.35 37.48+12.60 30.57+10.83 <0.001
Tao IAT (cm?) 231 37.82+11.68 41.12+11.94 32.93+9.40 <0.001
To0 IAT (cm?) 173 37.61+12.14 42.00+11.85 31.00+9.28 <0.001
Tiom1 IAT (cm?) 43 34.07+11.48 38.39+11.28 27.47+8.42 0.001

L,/ VAT (cm?) 256 207.96+63.22 238.60+58.43 164.60+40.29 <0.001
L,s SAT (cm?) 256 95.59+36.41 83.16+27.26 113.19+40.39 <0.001
L,s TAT (cm?) 256 303.56+77.90 321.76+77.42 277.79+71.33 <0.001

Values are given as mean + standard deviation or median (interquartile range). BMI, body mass index; DBP, diastolic blood pressure; FPG,
fasting plasma glucose; HDL-C, high density lipoprotein cholesterol; IAT, intrathoracic adipose tissue; SBP, systolic blood pressure; SAT,
subcutaneous adipose tissue; TAT, total adipose tissue; TG, triglyceride; VAT, visceral adipose tissue; WC, waist circumference.

CMRFs (P<0.05). However, abdominal SAT areas were
not significantly correlated with CMRFs (P=0.323-0.870),
except for SBP (P=0.006). The VAT areas showed stronger
correlations with TG (r=0.357, P<0.001), HDL-C
(r=-0.422, P<0.001), SBP (r=0.275, P<0.001), DBP (r=0.289,
P<0.001), and FPG (r=0.224, P<0.001) than IAT areas at
each level.

Logistic regression analysis of adipose tissue with MS and
the presence of two or more CMRFs

Logistic regression analysis demonstrated that the IAT
areas at each level and VAT areas were associated with MS
(P<0.01) and the presence of >2 CMRFs (P<0.001) after
adjusting for sex and age (1able 3). Among adipose tissue at
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different anatomical positions, the IAT areas at the T2/3
level showed the highest odds ratio (OR) of 1.265 [95%
confidence interval (CI): 1.145-1.398] for MS, and of 1.196
(95% CI: 1.097-1.305) for the presence of 22 CMRFs,
and higher than those of VAT areas (OR =1.034, 95% CI:
1.024-1.045 and OR =1.017, 95% CI: 1.011-1.024). After
adjusting for sex, age, and BMI, the IAT areas at each level
were not associated with MS (P>0.05), but were associated
with the presence of >2 CMRFs (P=0.001-0.039), except at the
T7/8 level. The IAT areas at the T2/3 level also showed the
highest OR of 1.112 (95% CI: 1.006-1.229) for the presence
of 22 CMRFs (P=0.039). The VAT areas were associated with
both MS (OR =1.022, 95% CI: 1.009-1.034, P=0.001) and the
presence of >2 CMRFs (OR =1.015, 95% CI: 1.006-1.025,
P=0.001) after adjusting for sex, age, and BMIL.
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Table 2 Comparison of two-dimensional measurements of intrathoracic adipose tissue at different positions, visceral adipose tissue, and
subcutaneous adipose tissue between the participants with and without metabolic syndrome or the presence of two or more cardiometabolic risk
factors

) Metabolic syndrome The presence of two or more cardiometabolic risk factors
Variables Presence (n=65) Absence (n=191) MD P value Presence (n=111) Absence (n=145) MD P value
T, IAT (cmz) 13.32+3.75 11.82+3.34 1.51 0.003 13.17+3.49 11.46+3.35 1.71 <0.001
T, IAT (cmz) 12.92+4.18 10.42+3.64 2.51 <0.001 12.25+4.20 10.13+3.45 2.12 <0.001
Ty IAT (€m?) 14.69+5.44 10.69+4.63 400  <0.001 13.47+5.29 10.35+4.60 3.13 <0.001
Tys IAT (sz) 18.53+7.27 12.44+5.98 6.10 <0.001 16.69+7.06 11.91+5.93 4.77 <0.001
T IAT (cm?) 25.34+9.04 17.85+7.34 750  <0.001 22.97+8.76 17.29+7.33 5.68 <0.001
Te7 AT (cm?) 34.69+12.24 24.44+10.36 10.25 <0.001 31.33+12.56 23.77+9.91 7.56 <0.001
T IAT (cm?) 41.11+12.38 32.41+11.57 8.70 <0.001 38.22+12.52 31.86+11.52 6.36 <0.001
L,/ VAT (cm?) 249.06+57.89 193.97+58.83 55.09 <0.001 231.25+58.26 190.16+61.22 41.11 <0.001
L, SAT (cm?) 120.27+38.70 87.20+31.55 33.07 <0.001 101.26+39.27 91.25+33.55 10.01 0.029

Values are given as mean + SD. IAT, intrathoracic adipose tissue; MD, mean difference; SAT, subcutaneous adipose tissue; SD, standard
deviation; VAT, visceral adipose tissue.
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Figure 2 The correlation between adipose tissue areas at different anatomical position and cardiometabolic risk factors. All P<0.05 except *.
DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL-C, high density lipoprotein cholesterol; IAT, intrathoracic adipose tissue;
SAT, subcutaneous adipose tissue; SBP, systolic blood pressure; TG, triglyceride; VAT, visceral adipose tissue.

Predictive ability of IAT and VAT for identifying MS and showed the largest mean difference between patients with
the presence of two or more CMRFs and without MS or the presence of >2 CMRFs. The VAT
We compared IAT at the T2/3 and T6/7 levels with areas showed significantly higher predictive power (AUC
VAT for predicting MS and the presence of >2 CMRFs =0.845) than IAT areas at the T2/3 (AUC =0.725) and 'T6/7

(Figure 3), because IAT areas at the T2/3 level had the (AUC =0.743) levels for predicting MS (P=0.004, P=0.021,
highest OR for prediction and IAT areas at T6/7 level respectively) in males. However, VAT areas (AUC =0.685)
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Table 3 Parameter estimates from the binary logistic regression analyses of adipose tissue with metabolic syndrome and the presence of two or

more cardiometabolic risk factors

Metabolic syndrome

The presence of two or more cardiometabolic risk factors

Variables
OR (95% ClI) P value OR (95% ClI) P value

Model 1: adjust for sex and age
T, AT (cm?) 1.164 (1.059-1.280) 0.002 1.168 (1.074-1.270) <0.001
T AT (cm?) 1.265 (1.145-1.398) <0.001 1.196 (1.097-1.305) <0.001
Tau AT (cm?) 1.224 (1.136-1.318) <0.001 1.159 (1.087-1.235) <0.001
Tus IAT (cm?) 1.167 (1.105-1.233) <0.001 1.128 (1.076-1.183) <0.001
Ty IAT (cm?) 1.127 (1.080-1.176) <0.001 1.095 (1.055-1.136) <0.001
Te AT (cm?) 1.082 (1.052-1.113) <0.001 1.061 (1.035-1.088) <0.001
T IAT (cm?) 1.064 (1.036-1.093) <0.001 1.044 (1.020-1.069) <0.001
L5 VAT (cm?) 1.034 (1.024-1.045) <0.001 1.017 (1.011-1.024) <0.001

Model 2: adjust for sex, age, and BMI
T, AT (cm?) 1.009 (0.905-1.126) 0.866 1.103 (1.007-1.208) 0.035
T AT (cm?) 1.061 (0.942-1.196) 0.329 1.112 (1.006-1.229) 0.039
Tau AT (cm?) 1.076 (0.985-1.175) 0.104 1.103 (1.023-1.190) 0.011
Tus AT (cm?) 1.056 (0.989-1.129) 0.104 1.097 (1.036-1.162) 0.001
Tse IAT (cm?) 1.038 (0.985-1.093) 0.161 1.069 (1.020-1.119) 0.005
Te AT (cm?) 1.025 (0.990-1.061) 0.167 1.041 (1.010-1.073) 0.010
T IAT (cm?) 0.999 (0.965-1.035) 0.967 1.018 (0.989-1.047) 0.234
L,; VAT (cm?) 1.022 (1.009-1.034) 0.001 1.015 (1.006-1.025) 0.001

BMI, body mass index; ClI, confidence interval; IAT, intrathoracic adipose tissue; OR, odds ratio; VAT, visceral adipose tissue.

showed no significantly different predictive power when
compared with IAT areas at the T2/3 (AUC =0.659) and
T6/7 (AUC =0.700) levels for predicting the presence of >2
CMREFs (P=0.345-0.704) in males. VAT areas had higher
AUC values (AUC: 0.806 and 0.748) for predicting MS
and the presence of >2 CMRFs than IAT areas at the T2/3
(AUC: 0.707 and 0.657) and T6/7 (AUC: 0.748 and 0.636)
levels without a statistically significant difference (P=0.071-
0.711) in females. The cut-off values and predictive
performance of VAT and IAT areas for predicting MS and
the presence of >2 CMRFs are shown in Table 4.

Discussion

Adipose tissue can be reliably and accurately measured
by QCT (10). In this study, we used QCT based on
chest LDCT to investigate the association between the
cross-sectional IAT areas at different anatomic levels and

© AME Publishing Company.

abdominal VAT areas with MS and CMRFs. Our results
showed that the VAT areas had stronger correlations with
TG (r=0.357, P<0.001), HDL-C (r=-0.422, P<0.001),
SBP (r=0.275, P<0.001), DBP (r=0.289, P<0.001), and
FPG (r=0.224, P<0.001) than TAT areas at each level. After
adjusting for sex, age, and BMI, the IAT areas at each level
were not significantly associated with MS (P>0.05), but
the VAT areas were still significantly associated with MS
(P=0.001).

Some findings have suggested strong sex specificity
for regional adipose tissue distributions, with women
having a higher proportion of SAT in gluteal-femoral and
abdominal regions; men, by contrast, have more VAT in
the abdominal region (2,18). In our study, the abdominal
VAT and TAT areas of men were higher than those of
women (P<0.001), but the SAT areas were lower than
those of women (P<0.001), which is consistent with prior
study (18). In addition, we found that IAT distribution also
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Figure 3 ROC curves for metabolic syndrome (A,B) and the presence of two or more cardiometabolic risk factors (C,D) using VAT and AT

areas. AT, intrathoracic adipose tissue; ROC, receiver operating characteristic; VAT, visceral adipose tissue.

Table 4 The cut-off point and predictive performance of VAT and IAT areas for predicting metabolic syndrome and the presence of two or more
cardiometabolic risk factors

Male Female
Variables  cut-off Sensitivity Specificity AUC P value Cut-off Sensitivity Specificity AUC P value
point cm?) (%) (%) (95% Cl) point cm? (%) (%) (95% Cl)

Metabolic syndrome
Tos IAT - >13.1 71.05 66.07 0.725 (0.646-0.794) <0.001 >8.5 70.37 65.82  0.707 (0.611-0.792) <0.001
Te7 IAT  >26.7 81.58 61.61 0.743 (0.666-0.811) <0.001 >22.2 74.07 59.49  0.748 (0.655-0.828) <0.001
L,s VAT >267.7 78.95 84.82 0.845(0.777-0.899) <0.001 >169.8 81.48 73.42  0.806 (0.718-0.877) <0.001
The presence of two or more cardiometabolic risk factors
T, AT >13.6 50.72 75.31  0.659 (0.578-0.735) <0.001 >8.5 61.90 68.75  0.657 (0.559-0.747) 0.005
Te7 IAT - >26.3 69.57 64.20 0.700 (0.620-0.772) <0.001 >21 61.90 56.25  0.636 (0.537-0.727) <0.001
L, VAT >231.6 73.91 56.79  0.685 (0.604-0.758) <0.001 >169.8 66.67 76.56  0.748 (0.654-0.827) <0.001

AUC, area under the curve; Cl, confidence interval; IAT, intrathoracic adipose tissue; VAT, visceral adipose tissue.
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differed according to sex, with men having higher IAT
areas at different anatomical levels than women (P<0.01).
Haider ez al. (19) reported that IAT volume was significantly
higher in men as compared to women, which is consistent
with our finding.

Patients with MS have increased amounts of adipose
tissue inside the thorax (20) as well as within the abdominal
cavity. Both VAT and SAT have been shown to be increased
in patients with MS (P<0.001) (21). Our study also showed
that both VAT and SAT areas at the L2/3 level of patients
with MS or the presence of >2 CMRFs were higher than
those without MS or the presence of 22 CMRFs (P<0.05).
Besides, the mean differences of VAT and SAT areas
between patients with and without MS were higher than
those between patients with and without the presence of
>2 CMRFs, which may be because patients with MS have
higher WC than those with >2 CMRFs. In our study,
variations in IAT areas were found in slices at different
levels, as well as in different participants. The IAT areas
at the T6/7 level had the largest mean difference between
patients with and without MS (10.25 cm’) or the presence
of >2 CMRFs (7.56 cm®), but its mean difference was
much smaller than that of VAT areas (55.09 and 41.11 cm’,
respectively), which may result from the greater visceral
space for ectopic fat accumulation in the abdomen than
thorax. IAT areas at each level of the patients with MS or
the presence of >2 CMRFs were higher than those without
MS or the presence of >2 CMRFs (P<0.05) in our study.
Consistent with our results, Chen ez a/. (17) also reported
that patients with MS had significantly greater mediastinal
and intrathoracic fat volumes when compared to those
without MS, respectively.

Traditionally, CT measurement of VAT has been
made at the umbilicus or L4/L5 level, partially due to
the convenience of locating the umbilicus. A single-slice
measurement of VAT at the upper abdominal level (1.2/3
or L3/4) might provide better risk assessments for MS or
cardiovascular disease (22-26). The measurement site of
VAT at the upper abdominal level rather than the L4/5 level
would better characterize the association of VAT with the
MS in men (22,23); however, the impact of the level of the
VAT measurement is somewhat less in women (24). There
is evidence to show that a greater deposition of the more
metabolically active visceral adipocytes within the omental
and mesenteric depots is located in the upper abdomen
within the region between L1-2 and L34 (25,26). Recently,
Cheng et 4. (10) demonstrated that VAT area measurements
at the L.2/3 level had the strongest association with the total

© AME Publishing Company.

VAT volume in a Chinese population. Therefore, in our
study, the VAT at the L2/3 level was measured with QCT
based on chest LDCT and compared with IAT. At present,
the optimal site of measurement of IAT is not clear and
defined. Given that the associations between IAT and MS
may be altered depending on the measurement site of IAT]
we measured the IAT areas at different levels.

A number of studies agree that VAT is a metabolic organ
that mostly contributes to the metabolic consequences of
obesity (3,13,14,21,27), whereas reports regarding SAT
are controversial (3-5,12,21,27). SAT does not contribute
to CMRFs beyond a measure of generalized or central
adiposity (28). In this study, we found that abdominal
SAT areas were not significantly correlated with CMRFs
(P>0.05), other than SBP (P=0.006), whereas VAT areas
were significantly correlated with all CMRFs, which
suggests that differential CMRFs associated with fat type
and location may contribute to the underlying mechanisms.
Increased VAT is associated with overproduction of
metabolically active substances, including hemostasis, pro-
inflammatory, and fibrinolysis biomarkers that mediate the
relationship with CMRFs (28). IAT is also an important
indicator for cardiometabolic diseases (16), and consists
of pericardial fat and the surrounding mediastinal fat.
IAT and pericardial fat are associated with more adverse
CMRFs (28,29). Pericardial fat has been shown to increase
inflammatory gene expression and protein secretion and
have a higher concentration of inflammatory cells when
compared with subcutaneous fat (17,30). Pericardial fat
might act as a local stimulator for coronary atherosclerotic
lesions, whereas mediastinal fat may be a marker of MS and
coronary artery disease (17). In our study, the IAT areas at
the levels of T2/3 toT'7/8 were significantly correlated with
all CMRFs (P<0.05). Among the CT-derived fat depots,
VAT has been shown to have the strongest correlations with
each of the CMRFs (28), which is consistent with our study.
In our study, the VAT areas showed stronger correlations
with all CMRFs than IAT areas at each level. Importantly,
the magnitude of the association between adipose tissues
and CMRFs varied by fat depot type, suggesting that
the potential adverse contribution of adipose tissues on
cardiometabolic health is not the same (28).

IAT has a pro-inflammatory activity similar to that found
in abdominal VAT (15,30). In our study, IAT areas at the
1273 level showed the highest OR (1.196 and 1.112) among
different anatomical levels and a slightly higher OR than
that of VAT areas (1.017 and 1.015) for the presence of
>2 CMRFs. Therefore, increased IAT areas at the
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T2/3 level were associated with an increased risk of the
presence of >2 CMRFs. Due to the smaller amount of fat
when compared with abdominal fat, the contribution of
intrathoracic fat to the systemic effect on atherosclerosis
might be limited (17). Our study also showed that the IAT
areas at each level were much smaller than the VAT areas.
Despite that the OR reflects the ability of adipose tissue to
differentiate patients with and without MS or the presence
of 22 CMRFs, the variations (mean difference: 2.51 and
2.12 em’) of IAT areas at the T2/3 level between patients
with and without MS or the presence of 22 CMRFs
were very small when compared with VAT areas (mean
difference: 55.09 and 41.11 em’) in this study.

A Framingham Heart study reported the significant
independent relationship between VAT and cardiovascular
diseases even after adjusting for BMI (31). Carr ez al. (13)
and Goodpaster et al. (14) also reported that VAT is
associated with an increased incidence of MS. Similar to the
above-mentioned studies, the VAT areas were significantly
associated with MS (P=0.001) after adjusting for sex, age,
and BMI in our study. However, the IAT areas at each
level were significantly associated with MS after adjusting
for sex and age (P<0.01), but not significantly associated
after further adjusting for BMI (P>0.05) in our study. Chen
et al. (17) found an association between mediastinal and
intrathoracic fat volumes with MS, but they did not perform
regression analyses or adjust for BMI.

We achieved acceptable predictive powers of IAT
and VAT areas for predicting MS and the presence of
>2 CMRFs in men and women. The VAT areas showed
significantly higher predictive power (AUC=0.845) than
IAT areas at the T2/3 (AUC =0.725) and T6/7 (AUC =0.743)
levels for predicting the MS in males (P<0.05). Moreover,
VAT areas had higher AUC values (AUC: 0.806 and 0.748)
for predicting MS and the presence of 22 CMRFs than IAT
areas at 12/3 (AUC: 0.707 and 0.657) and T6/7 (AUC:
0.748 and 0.636) levels without a statistically significant
difference (P>0.05) in females. Recently, Hou et al. (32)
reported that VAT areas in the abdomen were able to
diagnose MS (AUC: 0.788).

In our study, the optimal cut-off values of VAT areas
to predict patients with MS were 267.7 cm’ for men and
169.8 cm’ for women, or with the presence of >2 CMRFs
were 231.6 cm’ for men and 169.8 cm’ for women.
Huo er al. (24) reported cut-off values for VAT areas at
L.2/3 level of 142 cm”® for men and 115 cm® for women to
identify patients with one or more CMRFs in a Chinese
population. Compared to their study (24), our cut-off

© AME Publishing Company.
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values of VAT areas were higher. The possible reasons
are as follows: first, our cut-off values of VAT areas were
to identify patients with MS (WC plus any two CMRFs)
rather than patients with one or more CMRFs. Moreover,
the ages and mean VAT areas of our included population
were higher than those in their study (24). The VAT areas
at the umbilical level >100 cm’ were proposed to define
abdominal obesity for both men and women in Japan (33).
A Korean study recommended the optimal VAT cut-off
values of 100 cm’ for men and 70 cm” for women to identify
increased metabolic risk (34). Despite the different cut-off
values in the aforementioned studies, sex differences were
marked in VAT cut-off values in our study and the previous
studies (24,34). Besides, the cut-off values of IAT areas on
a single CT slice were firstly established for predicting MS
and the presence of >2 CMRFs in our study. With chest
LDCT imaging for lung cancer screening becoming more
prevalent, an opportunity emerges for quantifying IAT and
VAT using QCT-based chest LDCT. IAT and abdominal
VAT measurement by QCT is accurate and fast, as well as
easy to perform during clinical practice. Considering the
higher radiation dose in a CT scan, our results indicate that
it is possible to estimate the IAT areas and calculate the
cut-off values from a single slice of CT for the MS or the
presence of >2 CMRFs.

This study has several limitations. First, our population
was derived from a single center; the generalizability of
our results may be somewhat limited, but should not affect
the internal validity. Furthermore, this study analyzed a
relatively small opportunistic sample. As the chest LDCT
data used in the current study were all obtained from lung
cancer screening and QCT examination, no extra radiation
was involved. Further confirmation via large sample studies
is needed. In addition, several risk factors (alcohol intake,
smoking, physical activity levels, and menopausal status)
that may be related to adipose tissue were not accounted
for. The QCT software did not exclude the bowel contents
from the VAT measurement, which might have caused a
slight over-estimation of VAT areas. Finally, we measured
TAT at each level, without specifically separating the
pericardial and mediastinal fat.

Conclusions

Quantification of IAT and VAT was associated with CMRFs.
Although the strength of the correlation was affected by the
measurement site of IAT, VAT remained significantly more
highly associated with all CMRFs than IAT, regardless of
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measurement site. VAT had much higher variation than
IAT between patients with and without MS or the presence
of >2 CMRFs. Adjusting for sex, age, and BMI, VAT was
shown to be an independent predictor of MS rather than
IAT. VAT may have slightly better predictive value for MS
and the presence of >2 CMRFs. Therefore, VAT should be
a primary target for obesity intervention.
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