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Correlation between computed tomography-based body composition 
parameters and hepatic venous pressure gradient in patients with 
cirrhosis: a systematic review and meta-analysis

PURPOSE
Computed tomography (CT)-based body composition parameters and the hepatic venous pressure 
gradient (HVPG) are key characteristics in patients with liver cirrhosis. The present study aims to 
explore the correlation between CT-based body composition parameters and HVPG, as well as the 
difference in HVPG between patients with and patients without sarcopenia.

METHODS
A literature search for studies reporting the correlation between HVPG and CT-based body com-
position parameters published in English up to August 2023 in four databases, Embase, MEDLINE 
(via PubMed), Web of Science, and Cochrane Library, was conducted. The correlation coefficient 
between HVPG and CT-based body composition parameters was the primary outcome, and the 
difference in the HVPG value between the sarcopenia and non-sarcopenia groups was the second-
ary outcome. A meta-analysis was conducted using a random-effects models. The methodologic 
quality was assessed using the Quality Assessment of Diagnostic Studies instrument.

RESULTS
A total of 652 articles were identified, of which nine studies (n = 1,569) met the eligibility criteria. 
Among them, seven studies reported the primary outcome via the muscle index, five via the skel-
etal muscle index (SMI), two via the psoas-muscle-related index (PRI), and three via two adipose 
tissue indexes. A total of five studies reported the secondary outcome: four via SMI and one via PRI.
No evidence of a significant correlation was determined between the various body composition pa-
rameters and the HVPG value, either in the muscle index or the adipose tissue index. Higher HVPG 
values were observed in patients with sarcopenia than in patients without sarcopenia [pooled stan-
dardized mean difference (SMD): 0.628 (−0.350, 1.606), P < 0.001; I2 = 92.8%; P < 0.001] when an 
Asian sarcopenia definition was adopted. In contrast, when a Western cut-off value was applied, 
the HVPG value was higher in patients without sarcopenia than in patients with sarcopenia [pooled 
SMD: −0.201 (−0.366, −0.037), P = 0.016; I2 = 0.00%; P = 0.785]. 

CONCLUSION
No sufficient evidence regarding a correlation between the CT-based body composition and HVPG 
value was discovered. The difference in the HVPG value between the sarcopenia and non-sarcope-
nia groups was likely dependent on the sarcopenic cut-off value.
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Sarcopenia, a disease entity representing 
a progressive and generalized skeletal 
muscle disorder, is a prevalent mor-

bidity of liver cirrhosis (LC).1 Due to the con-
comitant altered catabolic state, insulin re-
sistance, chronic systemic inflammation and 
physical inactivity, sarcopenia exists in differ-
ent LC stages and is closely related with de-
compensation risk and postoperative com-
plications, as well as mortality independent 
of commonly used tools, such as Child–Pugh 
score or the model for end-stage liver disease 
(MELD) score.2-4 Furthermore, the role of adi-
pose quantity or distribution as a precipitat-
ing event for poor prognosis in patients with 
LC has also been proposed.5,6 Importantly, as 
two body phenotypes, the muscle and adi-
pose quantity may interact with each other 
instead of acting as two independent patho-
physiological conditions.7

Computed tomography (CT) is considered 
the gold standard for assessing muscle or ad-
ipose quantity, and CT-based muscle quanti-
ty is recommended for defining sarcopenia.8,9 
In patients with LC, CT is routinely performed 
with the aim of monitoring portal-systemic 
collaterals and tumor development or re-
currence; thus, CT-based body composition 
parameters are accessible and reproducible. 
In addition, the hepatic venous pressure 
gradient (HVPG) is recognized as the gold 
standard for evaluating portal hypertension 
(PH).10 To stratify the risk of decompensation 
with intent for early intervention, HVPG mea-
surement has also been encouraged in pa-
tients with LC in real-life practice.11

Body composition, especially muscle 
quantity, and HVPG have been characterized 
as important characteristics in patients with 
LC. With the progress of LC, clinically signif-

icant PH is concomitant. Muscle depletion 
and fat accumulation or redistribution also 
likely occur in this course.1,12 Specifically, the 
metabolism changes of such a population are 
characterized by insulin resistance, dysregu-
lated muscle protein turnover, and altered 
lipid redistribution.13 Furthermore, some clin-
ical events, such as loss of appetite, fluid re-
tention, and sedentary behavior, contribute 
to alterations of the body phenotype. A large 
sample cross-sectional study revealed that 
muscle mass depletion was independent-
ly associated with the liver fibrosis stage.14 
In addition, a preclinical study showed that 
ammonia-lowering therapy could result in 
an increase of skeletal muscle mass.15 Nev-
ertheless, the evidence on the correlation 
between HVPG and body composition is still 
weak. The number of existing studies is too 
limited to provide relevant data. Discrepant 
results were yielded among these studies. 
The study by Matsui et al.16 showed that the 
HVPG value was inversely correlated with 
the skeletal muscle index (SMI). In contrast, 
other published data showed a null associa-
tion.5,17-19 Similarly inconsistent results have 
also been observed regarding the adipose 
tissue index and HVPG. Rodrigues et al.5 con-
cluded that there was a significant negative 
correlation between the subcutaneous adi-
pose tissue index (SATI) and the HVPG value, 
but Cho et al.18 and Zeng et al.19 did not.

Whether the HVPG value is correlated 
with a certain body composition parameter, 
and to what extent the HVPG value differs 
between patients with sarcopenia and pa-
tients without sarcopenia remains unknown. 
Knowledge of the impact of PH on muscle 
or adipose tissue is highly desirable, guiding 
nutrition support and tailoring individual-
ized therapy. The additional value of HVPG, 
known as a validated index mirroring PH, 
would be detected for association with body 
tissue alternations in patients with LC. Hence, 
a meta-analysis was conducted to overview 
the current evidence and address this issue.

Methods

Protocol registration

The present review was performed fol-
lowing the 2020 Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses 
(PRISMA) statement.20 The PRISMA checklist 
is shown in Online Resource 1. This study 
was registered prospectively in the Inter-
national Prospective Register of System-
atic Reviews in 2023 (registration number: 
CRD42023392942). The requirement for in-
formed consent and ethical approval from 

the Institutional Review Board were waived 
because the study quantified all existing 
publicly available data instead of involving 
specific patients.

Eligibility criteria

Population, interventions, comparisons, 
outcomes: the population of interest was pa-
tients with LC. The interventions of interest 
included CT scanning and HVPG within an 
acceptable interval. The outcomes of inter-
est included: (1) the correlation analysis be-
tween various body composition parameters 
and HVPG; and (2) the HVPG value reported 
in patients with or without sarcopenia. The 
comparison and study of interest were not 
applicable or limited.

The abstract of a conference poster 
containing relevant information was also 
eligible. The authors contacted the corre-
sponding author for detailed information. 
References cited in the text of selected arti-
cles were also further searched to minimize 
publication bias.

Search strategy

Peer-reviewed articles written in English 
and published up to August 2023 were 
searched in Embase, MEDLINE (via PubMed), 
Web of Science, and Cochrane Library. The 
retrieval protocol combined medical subject 
headings and text, which were mostly de-
rived from entry terms in the PubMed and 
Embase databases. The search strategy is 
available in Online Resource 2. 

Study selection

The exclusion criteria were as follows: (1) 
duplicate and irrelevant articles; (2) cell-line 
studies; (3) review articles; (4) case reports; 
(5) letters; (6) comments and editorials; (7) 
subjects from pediatric and non-human 
sources; and (8) cadavers. 

The further exclusion criteria in a full-text 
assessment were as follows: patients with 
(1) LC with non-intrahepatic causes; (2) pres-
ence of evident intrahepatic vessel commu-
nication in measuring HVPG; and (3) a history 
of transjugular intrahepatic portosystemic 
shunt. 

The HVPG value and body composition 
parameter on a continuous scale were eligi-
ble for analysis. 

The correlation analysis should be per-
formed using Pearson’s (r) or Spearman’s rho 
analysis according to the normality of the 
raw data. Presently, the impact of tumors 

Main points

• The present study is deemed to be the first 
meta-analysis to quantify evidence of a cor-
relation between the hepatic venous pres-
sure gradient (HVPG) and the body compo-
sition parameters.

• The association between portal hyperten-
sion (PH) and body composition parameters 
as two characteristics in patients with cir-
rhosis was revealed, with the goal of explor-
ing the impact of PH on skeletal muscle loss 
or adipose tissue change.

• No evidence of significant correlation was 
determined between various body compo-
sition parameters and HVPG.

• The difference in the HVPG value between 
patients with sarcopenia and patients with-
out sarcopenia is likely dependent on the 
sarcopenic definition.
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not involving an intra- or extra-hepatic great 
vessel on the HVPG value remains unclear. 
Measurements of HVPG were performed in 
selected patients with hepatocellular carci-
noma (HCC) and LC in real-life practice; thus, 
patients with HCC with a Barcelona Clinic Liv-
er Cancer stage of 0, A, or B would not have 
been excluded in this meta-analysis. In ad-
dition, this potential effect could be further 
eliminated in the subgroup analysis.

Definitions

Transversal-psoas muscle thickness and 
psoas muscle thickness by height are the 
same measurement with different names, 
referring to the transversal diameter of the 
psoas muscle perpendicular to the largest 
axial psoas muscle diameter at the L3 plane 
normalized by height. Therefore, these two 
indexes were replaced with the psoas-mus-
cle-related index (PRI) for analysis. All muscle 
and adipose indexes are defined and illus-
trated in Supplementary Figure 1. 

Outcomes

The primary outcome was the correlation 
coefficient between various body composi-
tion parameters and HVPG. The difference in 
HVPG value between the sarcopenia group 
and the non-sarcopenia group was the sec-
ondary outcome. Due to a lack of a validated 
cut-off value to define adipopenia, the sec-
ondary outcome analysis was not performed 
in adipose indexes.

Data extraction

Two review authors (S.Y. and Q.C.) blindly 
and independently extracted the following 
items from each article: the first co-author, 
year of publication, country, study design, 
sample size, body mass index (BMI), sex, 
cause of liver disease, albumin, decompen-

sation proportion, Child–Pugh score, MELD 
score, the interval between CT scan and 
HVPG measurement, sarcopenia definition, 
sarcopenia cut-off value, sarcopenia pro-
portion, HVPG value in the sarcopenia and 
non-sarcopenia groups, correlation coeffi-
cient between body composition parame-
ters and the HVPG value, and details of the 
HVPG measurement technique.

All data were respectfully recorded by two 
review authors using Microsoft Excel. Any in-
consistency was resolved by reviewing the 
original article to achieve a consensus.

Risk of bias and certainty of evidence as-
sessment

Two review authors independently as-
sessed the methodological quality with re-
gard to risk of bias and applicability concern 
using the Quality Assessment of Diagnostic 
Studies instrument. The Grading of Rec-
ommendations Assessment, Development 
and Evaluation (GRADE) system and online 
tool (GRADE Pro GDT, https://gdt.gradepro.
org/) were used to rate the outcome if pos-
sible. The certainty of evidence was classified 
into four levels based on the five domains 
(https://training.cochrane.org/resource/
grade-handbook) high, moderate, low, and 
very low.

Statistical analysis

The HVPG values in the sarcopenia and 
non-sarcopenia groups presenting as mean 
± standard deviation were summarized. Val-
ues presenting as the median (interquartile 
range) would have been converted using an 
established fashion if necessary.21

The difference in the HVPG values was 
compared using the standardized mean dif-
ference (SMD) with a 95% confidence inter-

val (CI). The Pearson correlation coefficient 
was collected and converted to the Fisher-Z 
value according to the following equation: Z 
= 0.5 [ln (1 + r) – ln (1 − r)]; the correspond-
ing standard error was calculated according 
to the following equation: SEz =  and
 
summary r was recovered using the follow-
ing equation: r = (e2Z − 1) / (e2Z + 1).22

A Fisher transformation was used to con-
vert the Spearman coefficient into an ap-
proximately normal distribution and further 
calculate the 95% CI. Subsequently, the same 
summary process was conducted as a Pear-
son analysis. Fisher’s Z value was used in the 
meta-analysis and shown in the plots, and 
the correlation coefficient derived from the 
inverse Fisher’s transformation was present-
ed as the summary result. The heterogeneity 
was identified using Cochran’s Q test and fur-
ther quantified using the I2 statistic among 
the studies. When the P value was <0.05 or 
the I2 value was >50%, the heterogeneity was 
considered high, and the source of bias was 
explored. Publication bias was assessed if the 
number of included studies was >10.23 In the 
prespecified sensitivity analysis, pooled cor-
relation coefficient estimates were further 
stratified as per presence of HCC and differ-
ent sarcopenic cut-off values.

A P value of <0.05 was indicative of a sig-
nificant difference. Considering the hetero-
geneity and sample size, a random effects 
model was selected to calculate the pooled 
effect size. The Stata MP (version 16.0, Sta-
ta Corp, College Station, USA) package was 
used for meta-analysis, and Review Manager 
(version 5.3) was used to evaluate the meth-
odological quality.

Results

Study characteristics 

Of the 652 studies screened initially, nine 
involving a total of 1,569 patients with LC 
were included for meta-analysis.5,16-19,24-27 A 
corresponding flow diagram is shown in Fig-
ure 1.

One poster including relevant data was 
excluded because it had not been published 
officially, and the request for raw data or ef-
fect size had not been answered.28 The char-
acteristics of the included studies are shown 
in Table 1.

Regarding the characteristics of the in-
cluded patients, the sarcopenia proportion 
ranged from 34.7% to 71% across the eligible 
studies. The most common cause of liver dis-
ease was alcohol in six studies, followed by Figure 1. Flow diagram of the study selection process.
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virus in the remaining three studies. There 
were 13 participants with HCC in the context 
of LC included in one study.17

A total of seven studies reported the pri-
mary outcome. Of these, five comprised 718 
patients reported via SMI5,16-19 (one reported 
the correlation coefficient separately in the 
sarcopenia and non-sarcopenia subgroups)17 
and two comprised 268 patients reported in 
PRI.25,26 A total of three studies provided the 
primary outcome in SATI and the visceral ad-
ipose tissue index (VATI).5,18,19

In addition, five studies reported the 
secondary outcome: four reported via SMI 
and one reported via PRI.25 Among the four 
studies reporting via SMI, the cut-off value 
was 42 cm2/m2 for men and 38 cm2/m2 for 
women in two studies16,17 and 52.4 cm2/m2 
in men and 38.5 cm2/m2 in women in the 
other two studies.24,27 Considering that SMI 
was recommended for defining sarcopenia 
by most societies, the study reporting via 
PRI was not included for the secondary out-
come.

For the publication nation, one study was 
conducted in Australia,25 one in Switzerland,5 

and the remaining seven in Asian countries, 
including China,19 Japan,16,17 and the Repub-
lic of Korea.18,24,26,27

All included studies were retrospective 
studies published in the last 5 years.

Quality assessment and risk of bias

All included studies were considered to 
be of low or moderate risk of bias, as illustrat-
ed in Figure 2. The detailed scales are shown 
in Online Resource 3. The GRADE summary of 
findings for the outcome is provided in Sup-
plementary Table S1.

Primary outcome

Muscle index

Only Matsui et al.16 reported a significant-
ly negative correlation between SMI and 
HVPG in 202 patients; the remaining studies 
reported a null correlation. 

The pooled correlation coefficient, re-
gardless of muscle index, was −0.08 (−0.25, 
0.09; P = 0.368), with significant heterogene-
ity observed (overall: I2 = 85.3%; P < 0.001); 
similar results were observed in the SMI and 

PRI subgroups [SMI: r = −0.09 (−0.31, 0.14); P 
= 0.442; I2 = 88.4%; P < 0.001; PRI: r = −0.01 
(−0.15, 0.12); P = 0.852; I2 = 16.1%; P = 0.275] 
(Figure 3).

Adipose tissue index

No significant correlation was pooled [r = 
−0.03 (−0.12, 0.05), I2 = 34.5%, P = 0.177] in 
either of the adipose index subgroups [SATI: r 
= −0.06 (−0.24, 0.13), P = 0.545; VATI: r = −0.03 
(−0.12, 0.07), P = 0.586]. The high heteroge-
neity was detected in the SATI subgroup (I2 

= 71.1%, P = 0.032) but not in the VATI sub-
group (I2 = 0.0%, P = 0.695). The correspond-
ing forest plot is shown in Figure 4.

Secondary outcome

The summary difference of the HVPG 
value between the sarcopenia and non-sar-
copenia groups indicated statistical signifi-
cance, with unstable results due to different 
sarcopenia definitions. When using the cut-
off value from the Japan Society of Hepatol-
ogy guidelines for sarcopenia (SMI <42 cm2/
m2 for men or <38 cm2/m2 for women), high-
er HVPG values were observed in patients 
with sarcopenia than in patients without sar-
copenia [pooled SMD: 0.628 (−0.350, 1.606), 
P < 0.001; I2 = 92.8%; P < 0.001]. When a com-
monly used cut-off value in the Western pop-
ulation was applied (50 cm2/m2 for men and 
39 cm2/m2 for women), the HVPG value was 
higher in patients without sarcopenia than 
in patients with sarcopenia [pooled SMD: 
−0.201 (−0.366, −0.037), P = 0.016; I2 = 0.00%; 
P = 0.785] (Figure 5).

Sensitivity analysis

After exclusion of the study including 13 
patients with HCC, the correlation between 
either PRI or SMI and HVPG was not signifi-
cant [overall: r = −0.10 (−0.30, 0.11), P = 0.341; 
I2 = 89.1%, P < 0.001; SMI: r = −0.13 (−0.40, 
0.17), P = 0.401; I2 = 92.6%; P < 0.001]. The cor-
responding forest plot is shown in Figure 6.

Discussion
In the present review, a meta-analysis 

was performed to identify and quantify the 
current evidence regarding the correlation 
between body composition parameters 
and HVPG. The pooled results indicated that 
there was no significant correlation between 
muscle or adipose quantity and the HVPG 
value, regardless of muscle index. The results 
of the secondary outcome were unstable 
due to different sarcopenia definitions. With 
consideration of the statistical significance 
and ethnicity-specific cut-off value of sarco-

Figure 2. Methodological quality of all included studies. Left: methodological quality graph; right: 
methodological quality summary.

Figure 3. Pooled correlation coefficient for the muscle index in all eligible studies. 
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penia, the result appears to reveal that pa-
tients with lower muscle mass may have a 
higher HVPG value.

Body composition and HVPG are of para-
mount importance for patients with LC. Nev-
ertheless, a knowledge gap remains in the 
correlation between them. To the best of the 
present authors’ knowledge, this meta-anal-
ysis is the first to quantitatively combine cur-
rent data to assess the correlation between 
body composition parameters and HVPG.

In fact, limited LC-related studies have 
reported both composition parameters and 

HVPG values at the same time, seldom ex-
ploring the association between them. Spe-
cifically, CT-based quantitative analysis and 
invasive operation hamper the acquisition 
of data in clinical practice. Despite the fact 
that the limited evidence grade leads to a 
cautious interpretation of the results, the 
findings of this meta-analysis could help ex-
plore the impact of PH on body composition 
parameters and might be instrumental in re-
fining a comprehensive evaluation algorithm 
of patients with LC.

In this meta-analysis, several points mer-
it attention. First, the HVPG value was used 

to evaluate the PH instead of the portosys-
temic pressure gradient, largely because 
the portosystemic pressure gradient was 
commonly collected in the transjugular in-
trahepatic portosystemic shunt procedure 
with a limited clinical application prospect. 
Second, to reduce the bias derived from dif-
ferent global cut-off values of sarcopenia, 
only the muscle or adipose tissue quantity 
as the continuous variable normalized to 
height or height2 was extracted and com-
parable. In addition, other statistics would 
have been summarized if they could have 
been converted to the correlation coeffi-
cient using a validated statistical method, 
including the contingency coefficient and 
standardized beta value; however, such a 
study was not found in the study screening. 
Third, SMI is recognized as the gold stan-
dard for measuring muscle quantity in de-
fining sarcopenia, and psoas-muscle-relat-
ed parameters have been shown to be less 
strongly correlated with the total body pro-
tein or mortality risk compared with SMI.29,30 
Therefore, of the five studies reporting the 
secondary outcome, 1 study reporting via 
PRI was not included in the meta-analysis. 
Last, all included studies were published in 
the past 5 years, thereby enabling a stan-
dard care for patients with LC.

Negative results of the primary outcome 
are partly explainable because of a consid-
erable interindividual variation of the liver 
function reserve among the included pa-
tients. In the included studies, decompensat-
ed cirrhosis or clinical signs of PH, such as as-
cites, gastro-esophageal varices, and hepatic 
encephalopathy, were deemed indications 
of HVPG measurement. Among all the eval-
uable patients, the mean values of the MELD 
score were 9–13, the decompensation pro-
portions were 54.8%–100%, and the base-
line HVPG values were 14–19 mmHg. In fact, 
sarcopenia is relatively frequently found in 
advanced liver disease or the decompensat-
ed stage.31,32 Furthermore, some characteris-
tics of patients with LC, including the cause 
of liver disease, decompensated cirrhosis, 
or oral beta‐blocker administration should 
have been used in the subgroup analyses 
with the aim of ruling out confounding fac-
tors and further identifying a potential asso-
ciation between the muscle quantity and the 
HVPG value in a certain subgroup of patients 
with LC. Likewise, adipose tissue change and 
re-distribution could be affected by BMI and 
sex.33 Therefore, for the primary outcome of 
the adipose tissue, the non-significant sum-
mary result may indicate the likelihood of the 
correlation between adipose tissue indexes 
and HVPG depending on the baseline char-
acteristics of the included patients.

Figure 4. Pooled correlation coefficient for the adipose tissue index.

Figure 5. Summary difference of the hepatic venous pressure gradient value between the sarcopenia and 
non-sarcopenia groups.

Figure 6. Sensitivity analysis. The pooled correlation coefficient for muscle index after the exclusion of 
patients with hepatocellular carcinoma.
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In addition, the result of the secondary out-
come was not robust. It is speculated that a 
lower cut-off value (42 cm2/m2 for men or <38 
cm2/m2 for women) could identify more indi-
viduals with a low muscle quantity and further 
re-classify a proportion of patients as having 
sarcopenia; that is, a lower cut-off value of sar-
copenia has more statistic power to differen-
tiate patients with different PH stratifications. 
It is noted that all included studies on the sec-
ondary outcome were from Asian countries 
(Japan and the Republic of Korea). The Asian 
sarcopenia definition (42 cm2/m2 for men or 
<38 cm2/m2 for women) thus allows for better 
interpretability and practical applicability.9

As the present study is a pilot meta-anal-
ysis exploring the unknown relationship 
between two important characteristics of 
patients with LC, some limitations exist. First, 
a considerable interindividual variation of 
baseline characteristics among included pa-
tients, especially liver function status, leads 
to a cautious interpretation of the results. 
Second, some included studies only present-
ed the effect size instead of analyzing it in the 
subgroups. The evidence grade is limited by 
the number of included studies and the data 
blank. Most importantly, the number of avail-
able studies that fulfilled the present study’s 
inclusion criteria is low, precluding meta-re-
gression to further identify the potential con-
founding factors. Hence, a prospective study 
dedicated to recording relevant information 
is required in the future.

In conclusion, overall, this meta-analysis 
showed a non-significant correlation be-
tween body composition parameters, includ-
ing muscle and adipose tissue quantity, and 
the HVPG value. However, its current clinical 
usefulness is uncertain due to a lack of uni-
versal definition and limited research.

Reporting checklist

This review was performed following the 
2020 Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) 
statement.
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Supplementary Figure 1. The skeletal muscle index was the total skeletal muscle 
area normalized by height2, including the psoas major, erector spinae, quadratus 
lumborum, transverse abdominis, internal and external oblique, and rectus 
abdominis (green mask). Transversal-psoas muscle thickness and psoas muscle 
thickness by height were named differently but measured in the same way; they 
were defined as the transversal diameter of the psoas muscle perpendicular to 
the largest axial psoas muscle diameter. Therefore, the psoas-muscle-related 
index replaced two aforementioned indexes for statistics (dotted line). The 
subcutaneous adipose tissue index and visceral adipose tissue index were 
estimated as the adipose area normalized by height2 between the skin line and 
outer abdominal wall (yellow mask) and the adipose tissue within the abdominal 
wall, respectively (blue mask).
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