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Purpose: Determine the association between cross-sectional visceral adipose tissue
(VAT) area of different anatomic locations and total abdominopelvic VAT volume; identify
the optimal measurement site in a single-slice to quantify the total VAT volume.

Method: Participants who underwent non-contrast abdominal scan by quantitative CT
(QCT) were enrolled from May 2021 to October 2021. The VAT area (cm2) at different
anatomic sites as upper-pole, lower-pole, and hilum of the kidney, intervertebral disc of
L2/L3 and L5/S1, and umbilical level were measured on QCT PRO BMD workstation
(Mindways QCT PRO workstation). The total VAT volume (cm3) from the upper pole of
kidney to the L5/S1 intervertebral disc of the pelvis (abdominopelvic region) was obtained
by using Siemens Healthineers Syngo via Frontier cardiac risk assessment. Regression
models were used to identify the optimal single-slice in different gender for estimating VAT
volume. Statistical significance was established at P < 0.05.

Results: Total of 311 Chinese participants including 179 men [age, 55.1 ± 14.9 years;
body mass index (BMI), 24.2 ± 3.2 kg/m2; total VAT volume, 2482.6 ± 1276.5 mL] and
132 women [age, 54.3 ± 14.9; BMI, 23.5 ± 2.9; total VAT volume, 1761.5 ± 876.4].
Pearson’s correlation analysis revealed a strong association between the VAT area and
total abdominopelvic VAT volume at the hilum of the kidney in both men (r=0.938,
P<0.001) and women (r=0.916, P<0.001). Adjust for covariates including age, BMI, and
waist circumference make a relatively small effect on predicting the total VAT volume.

Conclusions: Measurement of cross-sectional areas at the hilum of the kidney in both
genders showed a strongest relation to TVAT volume. Our results may provide an
identifiable and valuable axial landmark for measuring visceral adipose tissue in clinical
practice.
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INTRODUCTION

The excess accumulation of abdomen fat has become a global
health issue and has increased the economic burden on society
(1–4) . Obes i ty i s f requent ly defined by indirect ly
anthropometrical indicators like body mass index (BMI), waist
circumference (WC), and waist-to-hip ratio (WHR). Although
BMI provides an obviously useful population-level measure for
overweight and obesity than WC and WHR, it should be
considered as a rough guide because BMI may not correspond
to the same degree of fatness in different individuals. Meanwhile,
anthropometrics can’t reflect the fat distribution and differentiate
visceral adipose tissue (VAT) and subcutaneous adipose tissue
(SAT) (5, 6). The measurement of single-slice visceral adipose
allows better characterization of body fat distribution than BMI,
especially the VAT in the abdomen. Moreover, previous studies
indicated that visceral fat is highly associated with
cardiometabolic risk, insulin resistance, type 2 diabetes mellitus
(2, 7–9). The measurement site for VAT has a substantial
influence on the assessment of both cardiac and metabolic
syndrome risk (10).

Abdominal fat quantifications can be measured accurately
using computed tomography (CT) (11–14), quantitative CT
(QCT) (15–17), magnetic resonance imaging (MRI) (18, 19),
and bio-impedance analysis (BIA) (17). However, CT scan
delivers radiation dosage exposure on patients and MRI in the
assessment of VAT quantification is restricted by its time
consuming and high costs. QCT may have relatively better
performance than BIA in identifying individuals at high risk of
visceral obesity-related health conditions (17). Thus, establishing
a practical alternative method to estimate abdominal fat content
is urgently needed. The usefulness of QCT software for
volumetric bone mineral density (BMD) analysis has been
widely recognized, and the supplement tool of abdominal fat
quantitative analysis achieved favorable results in opportunistic
scanning uses without additional radiation exposure (16, 20). It is
feasible to investigate the abdominal VAT in a QCT scan.

The VAT instead of SAT volume has a better indicative effect
on metabolic syndrome (21, 22) which independently associated
with some inflammatory markers (23). However, the evaluation
of total VAT volume (TVAT) was approximately equal to the
area of VAT times thickness in preceding studies (11, 15).
Research indicates that there might be misinterpretation in the
process of calculating the TVAT volume (11). Most investigators
use L4/L5 as the common location for measuring VAT (11, 24),
since a single axial CT image of VAT be able to reflect TVAT
volume and narrow the scanning range of CT and reduce the
examination time and costs on MRI. While other studies (10, 15,
18) reported that the selected image in upper abdomen has a
greater deposition of the more metabolically-active VAT.
Furthermore, Kuk et al. (10) concluded that VAT area
obtained at L1/L2 or L2/L3 may be a better indicator of
metabolic syndrome than measurements obtained at L4/L5. To
sum up, these observations suggest that there is a stronger
correlation between VAT area of the upper abdomen and
metabolic syndrome or cardiometabolic disease, which is
suitable for total VAT volume quantitative estimation. Until
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now, few study has utilized QCT-derived VAT area
measurement based on identifiable and easy-to-detecting
anatomical landmarks in Chinese population. Therefore, this
study aimed to investigate the optimal anatomical landmark for
measuring VAT area in QCT images to quantify total
VAT volume.
SUBJECTS AND METHODS

Study Participants
Participants consisted of 325 asymptomatic Chinese individuals
who had received non-contrast abdominal QCT scan performed
on Philips Healthcare scanner (Brilliance iCT Elite FHD, OH,
USA) and Siemens Healthineers scanner (Somatom Force,
Erlangen, Germany) from May 2021 to October 2021.
Participants with the following conditions were excluded: (I)
with current systemic corticosteroids treatment; (II) known
hyperthyroidism or hypothyroidism; (III) known abdominal
surgery history; and (IV) BMI lower than 18.5 kg/m2. The
study was approved by the ethics committees of institutional
review board of the First Affiliated Hospital of Zhengzhou
University and strictly adherence to HIPAA Privacy rule. All
participants have written informed consent.

Anthropometric Characteristics
The anthropometric characteristics of participants including age,
sex, and BMI were collected. BMI is defined as a participant’s
weight in kilograms divided by the square of the height in meters
in adults (kg/m2) (25). Following the WHO BMI norms, the
participants were divided into two groups of normal BMI
(18.5<BMI<24.9 kg/m2) and excess BMI (overweight/obesity,
BMI≥ 25 kg/m2).

CT Scanning Protocol
The monthly quality control analysis of CT scanners was
performed by qualified technologists before data acquisitions
and the whole study duration using European Spine Phantom
(ESP No.145) (Mindways Software, Austin, TX, USA). Detailed
scan parameters were showed in Table 1. CT images were then
transferred to QCT PRO workstation and Siemens Healthineers
Syngo post-processing workstation, respectively.

The Measurement of Single-Slice
VAT Area
Cheng et al. (15) researched the optimal anatomic site for a single
slice to estimate the total volume of VAT at each intervertebral
disc (T12/L1 to L5/S1) and the umbilical level. It suggested that a
single slice at L2/L3 level performed best in the measurement of
VAT area. The current study selected a more identifiable
abdominal anatomical landmarks, such as the upper-, lower-
pole, and hilum of the kidney, the intervertebral space of L2/L3
and L5/S1, and umbilical level based on their research. Image
analysis was carried out using Mindways QCT PRO software
version 6.1 (Mindways QCT PRO workstation). The VAT area
(cm2) was measured using the “Tissue Composition Module-
Beta 1.0” of the software, the CT value of -150 to -50 HU was
June 2022 | Volume 13 | Article 870552
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semi-automatically segmented and represented in blue color, and
then the outer contour of the abdominal wall was automatically
outlined to separating between VAT and SAT (Figure 1). All
the measurements were carried out by two trained and
qualified radiologists.

The Measurement of Total VAT Volume
To obtain the overall abdominopelvic VAT volume, we utilized
attenuation-based and semi-automatically segmentation
methods with a cardiac risk assessment tool (Siemens
Healthineers Syngo via Frontier, USA). The region of interest
(ROI) of TVAT volume (cm3) was manually drawn along the
abdominal inner wall to differentiate SAT and VAT with default
thresholds (-150 to -50 HU). On the longitudinal axis, the
abdominopelvic region ranges from the upper pole of kidney
to the L5/S1 intervertebral disc (Figure 2). Finally, data were
recorded as abdominopelvic TVAT volume (mL). WC was
measured between the lower rib margin and the iliac crest in
Frontiers in Endocrinology | www.frontiersin.org 3
multi-planar reformation (MPR) images with all participants in a
supine position. These data acquisitions were all achieved within
Siemens Healthineers Syngo software application.

Statistical Analysis
All statistical processing and analysis were performed on SPSS
21.0 (IBM Corp., Armonk, NY, USA) and GraphPad prism 8.0.2
(GraphPad Software, La Jolla, CA, USA). Continuous variables
are represented as means (SD) or medians (interquartile range)
depending on how the distribution was tested with the Shapiro-
Wilks test. All variables were compared using two-sided Student’s
t-test for gender and BMI differences. Pearson correlation
coefficient (r) was performed to analyze the association between
the single-slice VAT area and TVAT volume at each anatomical
landmarks in terms of identifying the optimal anatomic site in
total abdominopelvic VAT volume. The optimal anatomical sites
for quantifying TVAT volume were then chosen as the best slice
in linear regression models and model fitted predictions for
TVAT volume estimation in men and women, respectively.
Additionally, multiple linear regression model were used for the
VAT area of the selected slice predicting the total VAT volume
and adjusted for age, sex, waist circumference, and BMI. Data
were considered significant when P < 0.05.
RESULTS

Study Participants’ Basic Characteristics
A total of 311 participants (179 men, 55.3 ± 14.9 years, range, 18-
93 years; 132 women, 54.3 ± 14.9 years, range, 19-87 years) were
recruited in the study (Table 2). The mean BMI was 24.2 ± 3.2
kg/m2 in men, and 23.5 ± 2.9 kg/m2 in women. There were 201
participants in normal BMI (18.5-24.9kg/m2), whilst 110
participants in excess BMI (>25.0kg/m2). There were
significant statistical differences in height, weight, BMI, WC,
VAT area at different anatomic sites, and TVAT volume between
men and women (P<0.05).

Comparison of Abdominal VAT Area and
Total VAT
Overall, the VAT area at each anatomical location indicated a
relatively higher abdominal visceral fat accumulation inmen than in
FIGURE 1 | Anatomical location at the hilum of kidney where the maximum
correlation of area to volume VAT is achieved for quantitative CT (QCT) method.
An attenuation-based semi-automated segmentation using Tissue Composition
and the fat was mapped as blue color, then the outer contour of the abdominal
wall was used to differentiate visceral adiposity (inner) and subcutaneous visceral
adiposity (outer).
TABLE 1 | Summary of acquisition parameters of 2 CT scanners.

CT parameters Brilliance iCT Elite Somatom Force

Tube voltage (kV) 120 120
Tube current-time product (mAs) automatic current selection (DoseRight) anatomic tube current modulation (CARE Dose 4D)
Pitch (approximate number) 11 1
Detector configuration (mm) 64×0.625 96×0.6
Matrix size 512×512 512×512
Slice thickness/increment (mm) 1.0 1.0
Reconstruction kernel Standard Standard
DFOV (mm) 250 250
Acquisition mode Helical Helical
Gantry rotation times (s) 0.5 0.5
Table height (cm) 145.5 145.5
CT, computed tomography; DFOV, display field of view.
June 2022 | Volume 13 | Article 870552
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women (Table 3). The highest VAT area in men among these
locations was located at the hilum of kidney (195.3 ± 83.0cm2),
whilst in women was at the lower pole of kidney (140.8 ± 63.1cm2).
Table 4 showed QCT-derived VAT area and CT-derived TVAT
volume results for normal and excess BMI subgroups between
genders. Stratified by BMI, most normal BMI and excess BMI
subgroups have a relatively higher VAT area at the hilum of kidney.
But in excess BMI subgroup in women (BMI>25kg/m2), the highest
VAT area was located at the lower pole of kidney. Significant
differences were found between normal and excess BMI groups for
all body fat composition parameters (P<0.05).

Correlation Between VAT Area of
Different Anatomical Landmarks and Total
VAT Volume
Linear correlations indicated a strong positively correlation
between the single-slice VAT area at different anatomic
landmarks and TVAT volumes for both men and women
Frontiers in Endocrinology | www.frontiersin.org 4
(Table 5). Pearson’s correlation coefficients between the VAT
area and TVAT volume were both highest at the hilum of kidney
level in men (r=0.938, P<0.001) and women (r=0.916, P<0.001),
but the highest VAT area in women was observed at the lower
pole of kidney (P<0.001, Figure 3).

Estimation of Total VAT Volume From a
Single-Slice VAT Area Measurement
Based on linear regression models, we proposed a prediction of
TVAT volume using the VAT area at the hilum of kidney level
and assessed the effect of covariates on the prediction equations.
The scatter plots showed good linearity between the VAT area at
the hilum of kidney and abdominopelvic VAT volume in both
men (R2 = 0.879, P<0.001, Figure 4) and women (R2 = 0.839, P<
0.001, Figure 4). The VAT area measured at the hilum of kidney
explains 87.9% of the variance of abdominopelvic TVAT volume
with the standard error of estimates (SEE) at 385.4mL. The
optimal landmark for measuring VAT area was selected in the
TABLE 2 | Characteristics of the study population.

Variables (N, %) Total (311) Women (132, 42.4%) Men (179, 57.6%) P value*

Age (years) 54.9 ± 14.9 54.3 ± 14.9 55.3 ± 14.9 0.559
Height (m) 1.67 ± 0.07 1.61 ± 0.05 1.71 ± 0.05 <0.001*
Weight (kg) 66.8 ± 11.7 60.7 ± 9.1 71.4 ± 11.3 <0.001*
BMI (kg/m2) 23.9 ± 3.1 23.5 ± 2.9 24.2 ± 3.2 0.036*
WC (cm) 87.9 ± 9.8 85.3 ± 9.0 89.8 ± 9.9 <0.001*
June 2022 | Volume 13 | Articl
P* for difference between gender groups; BMI, body mass index; WC, waist circumference.
FIGURE 2 | Measurement of waist circumference (A) at the middle of the lower rib margin and the iliac crest and Segmentation of visceral adiposity tissue (B),
ranging from the upper pole of kidney and L5/S1 intervertebral disc, both achieved in Siemens Healthineers Syngo via Frontier application with multi-planar
reformation (MPR) images.
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multiple regression models as the primary independent variable
and abdominopelvic TVAT volume was used as the dependent
variable. The contributions of significant covariates (e.g., BMI,
WC, and age) to the developed linear model showed
improvement of 1.4% in R2. The normalized regression
equation for total volumes (V) of VAT from the slice area (A)
at the hilum of kidney level was as follows.

VTVAT mLð Þ = 0:833� A cm2
� �

+ 0:076� BMI kg=m2
� �

+ 0:090

�WC cmð Þ − 0:042� age yearsð Þ R2 = 0:893,  SEE = 385:4mL
� �
DISCUSSION

Our study investigated the optimal landmark for single-slice area of
visceral adipose tissue to quantify the total VAT volume and the
correlations between VAT area and total abdominopelvic VAT
volume in QCT scan. From the perspective of research design,
many previous studies evaluated the volume of TVAT with VAT
area and slice-to-slice interval on abdominal CT or MR images (11,
12, 15, 24, 26). However, there may be imprecise identification of
the exact location with the highest correlation for not using
continuous scan (11). In this study, using attenuation-based
segmentation can accurately quantify the actual overall volume of
VAT via Frontier cardiac risk assessment technique. Even though
Frontiers in Endocrinology | www.frontiersin.org 5
most of the previous studies specifically adopted locations with
vertebral body and howmany centimeters above the vertebral body
to perform an examination on the abdomen visceral adipose (11,
15, 26), it’s not practical in clinics using axial images only. Hence,
we selected these axial images with more easy-detecting anatomic
landmarks that could also represent the fat distribution of abdomen
fat. Cheng et al. (15) suggested choosing the L2/L3 as the optimal
single slice for visceral fat volume quantification. Thus, we
considered to select the L2/L3 as one of the anatomic landmarks.
At the same time, the hilum of kidney nears the L2/L3 level, which
indirectly reflects the hilum of kidney has a good performance on
TVAT volume quantification.

Our results indicated that the VAT area measured at the
hilum of kidney have a strong correlation with total
abdominopelvic VAT volume in men (r=0.938, P<0.001) and
women (r=0.916, P<0.001). It may have important clinical
implications for BMD quantification patients to apply QCT
opportunistic scanning on visceral obesity assessment. Cheng
et al. (15) researched the optimal anatomic site for a single slice
to estimate the total volume of VAT on single axial QCT images
in 389 healthy Chinese subjects, suggesting a great feasibility to
measure the VAT area on a single slice at L2/L3 level for estimate
the total VAT volume (r=0.980, P<0.001). Demerath et al. (18)
researched the approximation of total VAT with a single MR
images in 820 healthy white and black adults and found that the
VAT area at the 6 cm above the L4/L5 level can accurately
TABLE 3 | Variations of VAT among slices at different anatomical locations and TVAT.

Variables All Women Men P value*

VAT at the upper pole of kidney (cm2) 140.7 ± 79.7 106.9 ± 57.0 165.6 ± 84.9 <0.001*
VAT at the hilum of kidney (cm2) 171.2 ± 79.0 138.4 ± 59.3 195.3 ± 83.0 <0.001*
VAT at the lower pole of kidney (cm2) 165.6 ± 76.6 140.8 ± 63.1 184.0 ± 80.6 <0.001*
VAT at L2/L3 (cm2) 168.9 ± 77.9 137.5 ± 58.3 192.1 ± 82.4 <0.001*
VAT at umbilicus (cm2) 146.4 ± 63.0 127.3 ± 48.2 160.5 ± 68.8 <0.001*
VAT at L5/S1 (cm2) 120.2 ± 38.9 112.9 ± 34.3 125.6 ± 41.3 0.004*
TVAT (mL) 2176.6 ± 1178.0 1761.5 ± 876.4 2482.6 ± 1276.5 <0.001*
June 2022 | Volume 13 | Articl
P* for difference between gender groups; VAT, visceral adiposity fat; TVAT, total visceral adiposity fat.
TABLE 4 | Differences in VAT area and TVAT volume in different gender and BMI group.

Characteristics Women Men

Normal BMI Excess BMI P value* Normal BMI Excess BMI P value*

N (%) 94 (30.2) 38 (12.2) – 107 (34.4) 72 (23.2) –

BMI (kg/m2) 22.0 ± 1.8 (18.8-24.9) 27.2 ± 1.6 (25.1-31.2) <0.05* 22.0 ± 1.9 (18.6-24.9) 27.5 ± 1.8 (25.1-32.9) <0.05*
WC (cm) 82.2 ± 7.8 93.1 ± 6.7 <0.05* 84.7 ± 8.2 97.3 ± 7.1 <0.05*
VAT area measured at the upper pole of
kidney (cm2)

93.5 ± 54.2 140.1 ± 50.5 <0.05* 135.8 ± 69.3 210.0 ± 87.0 <0.05*

VAT area measured at the hilum of
kidney (cm2)

127.3 ± 60.0 166.0 ± 47.8 <0.05* 165.5 ± 72.7 239.7 ± 77.9 <0.05*

VAT area measured at the lower pole of
kidney (cm2)

126.2 ± 60.0 176.8 ± 57.2 <0.05* 154.5 ± 63.4 227.7 ± 84.0 <0.05*

VAT area measured at the L2/L3 (cm2) 124.6 ± 57.6 169.2 ± 47.3 <0.05* 165.3 ± 68.6 231.8 ± 85.5 <0.05*
VAT area measured at the umbilicus (cm2) 117.6 ± 46.8 151.3 ± 43.4 <0.05* 136.7 ± 51.7 195.9 ± 75.9 <0.05*
VAT area measured at the L5/S1 (cm2) 107.5 ± 33.3 126.2 ± 33.5 0.05* 114.6 ± 34.7 141.8 ± 44.9 <0.05*
TVAT (mL) 1544.7 ± 816.8 2298.0 ± 792.2 <0.05* 1955.1 ± 1011.8 3266.5 ± 1230.5 <0.05*
*P for difference between gender groups; A BMI of ≤ 24.9kg/m2 was considered normal BMI and >25kg/m2 was defined as excess BMI.
BMI, body mass index; WC, waist circumference; VAT, visceral adiposity fat; TVAT, total visceral adiposity fat.
e 870552
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predict total VAT volume. Similarly, Schweitzer and colleges
validated the best reference site for a single MRI slice to assess
whole-body skeletal muscle and adipose tissue volumes in 142
healthy Caucasian adults and concluded that a single scan at the
level of L3 was the optimal site to assess total VAT volume (27).
Those results are different from conventional body composition
imaging methods that assumed the L4/L5 to have maximum
correlation to represent TVAT volume (28). This discrepancy in
the optimal site between studies may be explained by the
variance between different body sizes and ethnicities (29, 30).

Similar results to Cheng et al. (15), the current study found that
the dominate contributor covariate is the VAT area at the hilum of
kidney (R2 = 0.879). Covariates of the BMI, WC, and age have a
significant effect on the total VAT volume, although these
covariates all together make slightly effect with elevated explained
variance of merely 1.4%. Thus, VAT measured at the hilum of
kidney may potentially represent the total VAT volume, can be
applied to the opportunistic screening across a wide range of
Chinese healthy subjects. However, the SEE for predicting TVAT
volume in individuals from a single-slice area is 385.4mL. This
regression equation predict from the VAT area in an individual
may cause errors. Therefore, the use of single-slice VAT area to
estimate TVAT volume in an individual subject has its limitations.

Our analysis revealed that visceral fat accumulation variance
not only in genders but also in different BMI groups (all P<0.05).
The abdominopelvic visceral fat contribution was remarkably
Frontiers in Endocrinology | www.frontiersin.org 6
higher in the excess BMI group than normal BMI group.
Although the VAT area at each slice varied greatly between
men and women, there are no significant differences in BMI and
WC between two groups. These findings are consistent with
previous studies on central body fat distribution (2, 5, 31).

This study also has some limitations. Firstly, although we found
that VAT areas measured at the hilum of kidney have the highest
correlations with VAT volume in both men and women, we only
FIGURE 3 | Visceral adipose tissue (VAT) slice areas (red triangle line) and
correlation coefficients (blue circle line) of VAT area and total VAT volume at
different anatomic locations. Six anatomical sites in the abdomen were
selected to investigate the relations between VAT area and total VAT volume.
A

B

C

FIGURE 4 | Linear regression models between abdominopelvic visceral
adipose tissue (VAT) volumes and VAT area at the hilum of kidney in men (A)
and in women (B) and in all participants (C). Both the coefficient for VAT area
and the intercept of the equation are significant (P < 0.001). Noted that both
scatter plots were well fitted in prediction equations (R2 = 0.839-0.879).
TABLE 5 | The Pearson’s correlation of measurement between a single slice with the total fat volume.

Correlation coefficients

The upper pole of kidney The hilum of kidney The lower pole of kidney L2/L3 Umbilicus L5/S1

All 0.866 0.938 0.927 0.916 0.875 0.810
Women 0.782 0.916 0.883 0.907 0.840 0.808
Men 0.875 0.938 0.937 0.907 0.874 0.815
June 2022 |
 Volume 13 | Article 8
All correlation coefficients are significant at P <0.001.
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choose six representative anatomical landmarks instead of
successive landmarks in this study. We prefer to find a more
practical anatomical landmark for quantify TVAT volume in
clinical use. For that purpose, six identifiable and easy-detecting
landmarks are selected in this study. Secondly, we collected these
QCT images in two scanners, but the QCT-measured VAT area
difference between equipment may be relatively small. Thirdly,
this study is a single-center study and including participants only
in Henan province, which may not be presentative of the general
population in China. The sample contain fewer female
participants (132 female) than male (179 male). Further study is
needed to validate our findings in multi-center data. Finally, we
did not assess the SAT in different groups and the relationship
between SAT and total SAT in this study. Although the precise
role of visceral fat in metabolic disease have been presented (21,
22), the evaluation of SAT may also be of potential value, we will
evaluate SAT in further study. The individual anatomical variation
should be considered as a potential element that affecting the
selection of the optimal site, it is evitable to some extent.

In conclusion, with QCT opportunistic scanning, the VAT area
of the hilum of the kidney in both genders show predictive value in
quantifying TVAT volume. Therefore, quantitative CT images in
the hilum of kidney could be seen as a reliable site to predict
TVAT volume and use this as a marker in clinical practice.
Frontiers in Endocrinology | www.frontiersin.org 7
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material. Further inquiries can be
directed to the corresponding author.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Department of Radiology, The First Affiliated
Hospital of Zhengzhou University. The patients/participants
provided their written informed consent to participate in
this study.
AUTHOR CONTRIBUTIONS

(I) Conception and design: SC, YJ. (II) Administrative support:
JG, YW. (III) Provision of study materials or patients: SC, DM,
DS. (IV) Collection and assembly of data: SC, YL, XY, DM, DS.
(V) Data analysis and interpretation: YL. (VI) Manuscript
writing: All authors. (VII) Final approval of manuscript:
All authors.
REFERENCES
1. Koster A, Murphy RA, Eiriksdottir G, Aspelund T, Sigurdsson S, Lang TF,

et al. Fat Distribution and Mortality: The Ages-Reykjavik Study. Obes (Silv.
Sprin.) (2015) 23(4):893–7. doi: 10.1002/oby.21028

2. Karpe F, Pinnick KE. Biology of Upper-Body and Lower-Body Adipose
Tissue–Link to Whole-Body Phenotypes. Nat Rev Endocrinol (2015) 11
(2):90–100. doi: 10.1038/nrendo.2014.185

3. Stefan N, Häring HU, Hu FB, Schulze MB. Metabolically Healthy Obesity:
Epidemiology, Mechanisms, and Clinical Implications. Lancet Diabetes
Endocrinol (2013) 1(2):152–62. doi: 10.1016/s2213-8587(13)70062-7

4. Finucane MM, Stevens GA, Cowan MJ, Danaei G, Lin JK, Paciorek CJ, et al.
National, Regional, and Global Trends in Body-Mass Index Since 1980:
Systematic Analysis of Health Examination Surveys and Epidemiological
Studies With 960 Country-Years and 9·1 Million Participants. Lancet
(2011) 377(9765):557–67. doi: 10.1016/s0140-6736(10)62037-5

5. Camhi SM, Bray GA, Bouchard C, Greenway FL, Johnson WD, Newton RL,
et al. The Relationship of Waist Circumference and Bmi to Visceral,
Subcutaneous, and Total Body Fat: Sex and Race Differences. Obes (Silv.
Sprin.) (2011) 19(2):402–8. doi: 10.1038/oby.2010.248

6. Zeng Q, Dong SY, Sun XN, Xie J, Cui Y. Percent Body Fat Is a Better Predictor
of Cardiovascular Risk Factors Than Body Mass Index. Braz J Med Biol Res
(2012) 45(7):591–600. doi: 10.1590/s0100-879x2012007500059

7. Ryo M, Kishida K, Nakamura T, Yoshizumi T, Funahashi T, Shimomura I.
Clinical Significance of Visceral Adiposity Assessed by Computed
Tomography: A Japanese Perspective. World J Radiol (2014) 6(7):409–16.
doi: 10.4329/wjr.v6.i7.409

8. Wang F, Wu S, Song Y, Tang X, Marshall R, Liang M, et al. Waist
Circumference, Body Mass Index and Waist to Hip Ratio for Prediction of
the Metabolic Syndrome in Chinese. Nutr Metab Cardiovasc Dis (2009) 19
(8):542–7. doi: 10.1016/j.numecd.2008.11.006

9. Zhuang XF, Zhao MM, Weng CL, Sun NL. Adipocytokines: A Bridge
Connecting Obesity and Insulin Resistance. Med Hypotheses (2009) 73
(6):981–5. doi: 10.1016/j.mehy.2009.05.036

10. Kuk JL, Church TS, Blair SN, Ross R. Does Measurement Site for Visceral and
Abdominal Subcutaneous Adipose Tissue Alter Associations With the
Metabolic Syndrome? Diabetes Care (2006) 29(3):679–84. doi: 10.2337/
diacare.29.03.06.dc05-1500

11. Shen W, Punyanitya M, Wang Z, Gallagher D, St-Onge MP, Albu J,
et al. Visceral Adipose Tissue: Relations Between Single-Slice Areas
and Total Volume. Am J Clin Nutr (2004) 80(2):271–8. doi: 10.1093/ajcn/
80.2.271

12. Tong Y, Udupa JK, Torigian DA. Optimization of Abdominal Fat
Quantification on Ct Imaging Through Use of Standardized Anatomic
Space: A Novel Approach. Med Phys (2014) 41(6):063501. doi: 10.1118/
1.4876275

13. Zhou Y, Hao N, Duan Z, Kong M, Xu M, Zhang D, et al. Assessment of Acute
Pancreatitis Severity and Prognosis With Ct-Measured Body Composition. Int
J Gen Med (2021) 14:3971–80. doi: 10.2147/IJGM.S322589

14. Zopfs D, Theurich S, Große Hokamp N, Knuever J, Gerecht L, Borggrefe J,
et al. Single-Slice Ct Measurements Allow for Accurate Assessment of
Sarcopenia and Body Composition. Eur Radiol (2020) 30(3):1701–8.
doi: 10.1007/s00330-019-06526-9

15. Cheng X, Zhang Y, Wang C, Deng W, Wang L, Duanmu Y, et al. The Optimal
Anatomic Site for a Single Slice to Estimate the Total Volume of Visceral
Adipose Tissue by Using the Quantitative Computed Tomography (Qct) in
Chinese Population. Eur J Clin Nutr (2018) 72(11):1567–75. doi: 10.1038/
s41430-018-0122-1

16. Wu Y, Guo Z, Fu X, Wu J, Gao J, Zeng Q, et al. The Study Protocol for the
China Health Big Data (China Biobank) Project. Quant. Imaging Med Surg
(2019) 9(6):1095–102. doi: 10.21037/qims.2019.06.16

17. Xu Z, Liu Y, Yan C, Yang R, Xu L, Guo Z, et al. Measurement of Visceral Fat
and Abdominal Obesity by Single-Frequency Bioelectrical Impedance and Ct:
A Cross-Sectional Study. BMJ Open (2021) 11(10):e048221. doi: 10.1136/
bmjopen-2020-048221

18. Demerath EW, Shen W, Lee M, Choh AC, Czerwinski SA, Siervogel RM, et al.
Approximation of Total Visceral Adipose Tissue With a Single Magnetic
Resonance Image. Am J Clin Nutr (2007) 85(2):362–8. doi: 10.1093/ajcn/
85.2.362

19. Baum T, Cordes C, Dieckmeyer M, Ruschke S, Franz D, Hauner H, et al. Mr-
Based Assessment of Body Fat Distribution and Characteristics. Eur J Radiol
(2016) 85(8):1512–8. doi: 10.1016/j.ejrad.2016.02.013
June 2022 | Volume 13 | Article 870552

https://doi.org/10.1002/oby.21028
https://doi.org/10.1038/nrendo.2014.185
https://doi.org/10.1016/s2213-8587(13)70062-7
https://doi.org/10.1016/s0140-6736(10)62037-5
https://doi.org/10.1038/oby.2010.248
https://doi.org/10.1590/s0100-879x2012007500059
https://doi.org/10.4329/wjr.v6.i7.409
https://doi.org/10.1016/j.numecd.2008.11.006
https://doi.org/10.1016/j.mehy.2009.05.036
https://doi.org/10.2337/diacare.29.03.06.dc05-1500
https://doi.org/10.2337/diacare.29.03.06.dc05-1500
https://doi.org/10.1093/ajcn/80.2.271
https://doi.org/10.1093/ajcn/80.2.271
https://doi.org/10.1118/1.4876275
https://doi.org/10.1118/1.4876275
https://doi.org/10.2147/IJGM.S322589
https://doi.org/10.1007/s00330-019-06526-9
https://doi.org/10.1038/s41430-018-0122-1
https://doi.org/10.1038/s41430-018-0122-1
https://doi.org/10.21037/qims.2019.06.16
https://doi.org/10.1136/bmjopen-2020-048221
https://doi.org/10.1136/bmjopen-2020-048221
https://doi.org/10.1093/ajcn/85.2.362
https://doi.org/10.1093/ajcn/85.2.362
https://doi.org/10.1016/j.ejrad.2016.02.013
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Chen et al. Optimal Site for VAT Quantifying
20. Zhang X, Hua T, Zhu J, Peng K, Yang J, Kang S, et al. Body Compositions
Differently Contribute to Bmd in Different Age and Gender: A Pilot Study by
Qct. Arch Osteo. (2019) 14(1):31. doi: 10.1007/s11657-019-0574-5

21. Ibrahim MM. Subcutaneous and Visceral Adipose Tissue: Structural and
Functional Differences. Obes Rev (2010) 11(1):11–8. doi: 10.1111/j.1467-
789X.2009.00623.x

22. Katzmarzyk PT, Heymsfield SB, Bouchard C. Clinical Utility of Visceral
Adipose Tissue for the Identification of Cardiometabolic Risk in White and
African American Adults. Am J Clin Nutr (2013) 97(3):480–6. doi: 10.3945/
ajcn.112.047787

23. Yu JY, Choi WJ, Lee HS, Lee JW. Relationship Between Inflammatory
Markers and Visceral Obesity in Obese and Overweight Korean Adults: An
Observational Study. Med (Baltim.) (2019) 98(9):e14740. doi: 10.1097/
md.0000000000014740

24. Irlbeck T, Massaro JM, Bamberg F, O'Donnell CJ, Hoffmann U, Fox CS.
Association Between Single-Slice Measurements of Visceral and Abdominal
Subcutaneous Adipose Tissue With Volumetric Measurements: The
Framingham Heart Study. Int J Obes (Lond.) (2010) 34(4):781–7.
doi: 10.1038/ijo.2009.279

25. Deng KL, Li H, Yang WY, Hou JL, Xu Y, Xiao SM. Analysis of the Association
Between Fat Mass Distribution and Bone Mass in Chinese Male Adolescents
at Different Stages of Puberty. Nutrients (2021) 13(7):2163. doi: 10.3390/
nu13072163

26. Shen W, Wang Z, Punyanita M, Lei J, Sinav A, Kral JG, et al. Adipose Tissue
Quantification by Imaging Methods: A Proposed Classification. Obes Res
(2003) 11(1):5–16. doi: 10.1038/oby.2003.3

27. Schweitzer L, Geisler C, Pourhassan M, Braun W, Glüer CC, Bosy-Westphal
A, et al. What Is the Best Reference Site for a Single Mri Slice to Assess Whole-
Body Skeletal Muscle and Adipose Tissue Volumes in Healthy Adults? Am J
Clin Nutr (2015) 102(1):58–65. doi: 10.3945/ajcn.115.111203
Frontiers in Endocrinology | www.frontiersin.org 8
28. Tokunaga K, Matsuzawa Y, Ishikawa K, Tarui S. A Novel Technique for the
Determination of Body Fat by Computed Tomography. Int J Obes (1983) 7
(5):437–45.

29. Lovejoy JC, de la Bretonne JA, Klemperer M, Tulley R. Abdominal Fat
Distribution and Metabolic Risk Factors: Effects of Race. Metabolism (1996)
45(9):1119–24. doi: 10.1016/s0026-0495(96)90011-6

30. Misra A, Wasir JS, Vikram NK. Waist Circumference Criteria for the
Diagnosis of Abdominal Obesity Are Not Applicable Uniformly to All
Populations and Ethnic Groups. Nutrition (2005) 21(9):969–76.
doi: 10.1016/j.nut.2005.01.007

31. Karastergiou K, Smith SR, Greenberg AS, Fried SK. Sex Differences in Human
Adipose Tissues - the Biology of Pear Shape. Biol Sex. Differ. (2012) 3(1):13.
doi: 10.1186/2042-6410-3-13

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Chen, Ma, Su, Li, Yu, Jiang, Gao and Wu. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
June 2022 | Volume 13 | Article 870552

https://doi.org/10.1007/s11657-019-0574-5
https://doi.org/10.1111/j.1467-789X.2009.00623.x
https://doi.org/10.1111/j.1467-789X.2009.00623.x
https://doi.org/10.3945/ajcn.112.047787
https://doi.org/10.3945/ajcn.112.047787
https://doi.org/10.1097/md.0000000000014740
https://doi.org/10.1097/md.0000000000014740
https://doi.org/10.1038/ijo.2009.279
https://doi.org/10.3390/nu13072163
https://doi.org/10.3390/nu13072163
https://doi.org/10.1038/oby.2003.3
https://doi.org/10.3945/ajcn.115.111203
https://doi.org/10.1016/s0026-0495(96)90011-6
https://doi.org/10.1016/j.nut.2005.01.007
https://doi.org/10.1186/2042-6410-3-13
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	The Optimal Axial Anatomical Site for a Single-Slice Area to Quantify the Total Volume of Visceral Adipose Tissue in Quantitative CT
	Introduction
	Subjects and Methods
	Study Participants
	Anthropometric Characteristics
	CT Scanning Protocol
	The Measurement of Single-Slice VAT Area
	The Measurement of Total VAT Volume
	Statistical Analysis

	Results
	Study Participants’ Basic Characteristics
	Comparison of Abdominal VAT Area and Total VAT
	Correlation Between VAT Area of Different Anatomical Landmarks and Total VAT Volume
	Estimation of Total VAT Volume From a Single-Slice VAT Area Measurement

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


