
Stomach and Duodenum: Systematic Review and  
Meta-Analysis

Dig Dis 2023;41:177–186

Computed Tomography-Defined Fat 
Composition as a Prognostic Marker in Gastric 
Adenocarcinoma: A Systematic Review and  
Meta-Analysis

Hans-Jonas Meyer 

a    Andreas Wienke 

b    Maciej Pech 

c    Alexey Surov 

c

aDepartment of Diagnostic and Interventional Radiology, University of Leipzig, Leipzig, Germany; bInstitute of 
Medical Epidemiology, Biostatistics, And Informatics, Martin-Luther-University Halle-Wittenberg, Halle (Saale), 
Germany; cDepartment of Radiology and Nuclear Medicine, University of Magdeburg, Magdeburg, Germany

Received: July 4, 2022
Accepted: October 12, 2022
Published online: October 13, 2022

Correspondence to: 
Hans-Jonas Meyer, hans-jonas.meyer @ medizin.uni-leipzig.de

© 2022 The Author(s).
Published by S. Karger AG, Basel

Karger@karger.com
www.karger.com/ddi

DOI: 10.1159/000527532

Keywords
Meta-analysis · Systematic review · Gastric cancer · Visceral 
obesity

Abstract
Background: Computed tomography (CT)-defined fat quan-
tification has been an emergent field of research in oncolo-
gy. It was shown that this parameter is predictive and prog-
nostic of several clinically relevant factors in several tumor 
entities. Objective: Our aim was to establish the effect of vis-
ceral (VFA) and subcutaneous fat areas (SFA) on overall sur-
vival (OS), disease-free survival (DFS), and postoperative 
complications in gastric cancer patients based on a large pa-
tient sample. Methods: MEDLINE library, EMBASE, and SCO-
PUS databases were screened for the associations between 
VFA and SFA defined by CT images and OS, DFS, and postop-
erative complications in gastric cancer patients up to August 
2022. The primary endpoint of the systematic review was the 
hazard ratio for the outcome parameters. High VFA was, in 
most studies, defined by the threshold value of 100 cm2. In 
total, 9 studies were suitable for the analysis and included in 
the present study. Results: The included studies comprised 
3,713 patients. The identified frequency of visceral obesity 
was 44.9%. The pooled hazard ratio for the effect of high VFA 
on OS was 1.28 (95% CI 1.09–1.49, p = 0.002). For SFA, it was 

1.87 (95% CI 1.45–2.42, p < 0.0001). The pooled hazard ratio 
for the influence of high VFA on DFS was 1.17 (95% CI 0.95–
1.43, p = 0.14). The pooled odds ratio for the associations 
between VFA and postoperative complications was 1.36 
(95% CI 1.09–1.69, p = 0.006). Conclusion: CT-defined VFA 
and SFA influence OS in patients with gastric cancer. VFA 
also influences the occurrence of postoperative complica-
tions. Therefore, assessment of fat areas should be included 
in clinical routine in patients with gastric cancer.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Body composition is an emergent research field. The 
main purpose of investigations is the characterization 
and quantification of fat and muscle constitution of the 
body [1–7]. It can be defined by cross-sectional imaging, 
which is proposed to be a reliable method to quantify the 
skeletal muscle and different fat areas [1–7]. There is 
growing literature on the predictive and prognostic rele-
vance of these parameters. In most studies, these areas are 
calculated on computed tomography (CT) images. One 
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CT slice is used of the L3 intervertebral height to measure 
subcutaneous and visceral fat areas (SFA and VFA) [4]. 
This is especially interesting in oncologic patients as CT 
imaging is performed for staging purposes for initial di-
agnosis and follow-up investigations.

Gastric cancer patients are at great risk of cachexia and 
sarcopenia [8–10]. As a first reason, most patients are in 
advanced tumor stages with a greater risk for cachexia. As 
a second reason, possible treatment options like gastrec-
tomy and systemic treatment are associated with malnu-
trition and consequently risk for sarcopenia [10]. This 
was shown in preliminary analyses that low skeletal mus-

cle mass and VFAs are associated with mortality and 
postoperative complications in gastric cancer patients, 
emphasizing the importance of body composition in this 
tumor entity [10]. However, there is a lack of systematic 
data regarding the associations between body composi-
tion parameters and clinical outcome parameters in gas-
tric cancer patients based upon a meta-analysis design. 
Therefore, the purpose of the present systematic review 
and meta-analysis was to identify the associations be-
tween fat areas defined by CT images with overall and 
disease-free survival as well as postoperative complica-
tions in gastric cancer patients.

Fig. 1. PRISMA flowchart provides an overview of the paper acquisition. Overall, 9 studies with 3,712 patients 
with gastric cancers were included in the analysis.
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Patients and Methods

Search Strategy
MEDLINE library, EMBASE, and SCOPUS databases were 

screened for papers regarding low skeletal muscle mass evaluation 
in gastric cancer patients up to August 2022. The Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA) 
statement was used for the literature acquisition [11]. The PRIS-
MA checklist is provided within the supplementary material.

The paper acquisition is summarized in Figure 1. After a thor-
ough review, 9 studies were suitable for the present analysis [12–
20]. The following search words were used: “gastric cancer” OR 
“gastric carcinoma” AND “body composition” OR “visceral fat” 
OR “visceral fat area.”

The primary end point of the systematic review was the hazard 
ratio for CT-defined fat areas with a reported confidence interval. 
The hazard ratio was defined as high versus low fat area, as report-
ed by the included study.

Inclusion criteria: studies (or subsets of studies) were included 
if they satisfied the following criteria: (1) gastric cancer patients, 
(2) fat areas defined by CT, and (3) reported odds ratio or hazard 
ratio with standard deviation. Exclusion criteria were (1) system-
atic reviews, (2) case reports, (3) non-English language, and (4) fat 
areas defined on other modalities than CT.

Data Extraction
Data extraction was performed by H.J.M. followed by an inde-

pendent evaluation of extractions for correctness by A.S. For each 
study, details regarding study design, year of publication, country 
of origin, patient number, mean patient age, diagnosis and tumor 
stage, treatment, fat area definition, threshold values, overall sur-
vival (OS) outcome results, and adjustment factors were extract-
ed.

Quality Assessment
The quality of the included studies was assessed by the New-

castle-Ottawa Scale (http://www.ohri.ca/programs/clinical_epi-
demiology/oxford.htm) [21]. Study quality assessment was con-
ducted by two authors (HJM and AS) and mainly included the 
selection of cases, comparability of the cohort, and outcome as-
sessment of exposure to risks. A score of 0–9 was assigned to each 
study, and a study with score ≥6 was considered to be of high qual-
ity.

Statistical Analysis
The meta-analysis was performed using RevMan 5.3 (2014; Co-

chrane Collaboration, Copenhagen, Denmark). Heterogeneity 
was calculated by means of the inconsistency index I2 [22, 23]. 
DerSimonian and Laird random-effect models with inverse-vari-
ance weights were performed without any further correction [24].

Results

Quality of the Included Studies
Table  1 gives an overview of the included studies. 3 

studies (33.3%) were of retrospective design, and 6 stud-
ies (66.7%) were of prospective design. The overall risk of Ta
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bias can be considered low to moderate, indicated by the 
high Newcastle-Ottawa Scale values throughout the stud-
ies (Table 2).

Patients
The included studies comprised overall 3,713 patients, 

976 female (26.3%), with a mean age of 62.8 years, rang-
ing from 55 to 72 years. Most studies (n = 7, 77.8%) were 
based in Asia. Two studies (22.2%) reported patients 
from South America, Brazil [12, 13].

Two studies included other cancers in addition to gas-
tric cancer patients. Bitencourt et al. [12] also included 
esophageal-gastric junction cancer, and Carvalho et al. 

[13] also included colorectal cancer patients in the analy-
sis [12, 13]. All cases were histopathologically defined as 
adenocarcinomas. All studies investigated patients un-
dergoing surgical treatment, most often radical gastrec-
tomy. For detailed information, see Table 1.

Fat Area Assessment
All CT images were acquired with 5-mm slice thick-

ness or less. Various methods were reported to measure 
the fat areas. In seven studies, the VFA was measured in 
a single CT slide using the VFA [12–16, 18, 19]. Out of 
these, the level of the CT slide was at L3 in five studies 
[13–16, 19], at L4/5 in one study [12], and at umbilical 

a

b

c

Fig. 2. a Forrest plots of the effect of high VFA on OS in univariable analysis. The calculated hazard ratio was 1.28 
(95% CI 1.09–1.49). b Forrest plots of the effect of high SFA on OS. The pooled hazard ratio for the associations 
between SFA and OS in univariable analysis was 1.87 (95% CI 1.45–2.42). c Forrest plots of the effect of high VSR 
on OS. The pooled hazard ratio was 1.30 (95% CI 1.06–1.59).
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cord level in another study [18]. In addition, the subcuta-
neous fat area was assessed, and the SFA was calculated 
in four studies [12, 14–16]. Finally, in two studies, an in-
dex approach was performed [17, 20]. In detail, the vis-
ceral fat index (VFI) and the subcutaneous fat index were 
calculated, which were set in relation to the height of the 
patient [17, 20]. Dong et al. [15] and Huang et al. [16] cal-
culated the VSR, which represents the ratio of VFA to 
SFA [15, 16]. Different threshold values were used to de-
termine visceral obesity. The threshold value of 100 cm2 
was used in 6 studies [12, 14–16, 18, 19]. In one study, a 
threshold of 163.8 cm2 was used for men, and a threshold 
of 80.1 cm2 was used for women [13]. A threshold >40.8 
cm2/m2 was reported for the VFI in a single study [17]. 
Finally, the thresholds for the VSR were reported to be 
1.33 in males and 0.93 in female patients [20].

Frequency of High Visceral Fat Area
The proportion of patients with high VFA, termed vis-

ceral obesity, ranged from 35.9% to 53.7%. The calculated 
mean proportion was 44.9%. A high heterogeneity was 
identified between the studies. 2 studies [14, 16] did not 
report the frequency of high VFA in the studies.

Overall Survival
In 5 studies with 2,769 patients, relationships between 

OS and VFA were investigated. The pooled hazard ratio 
for the associations between VFA and OS in univariable 
analysis was 1.28 (95% CI 1.09–1.49, p = 0.002) (Fig. 2a). 
The heterogeneity among the studies was low (I2 = 12%). 
Two studies with 1,744 patients analyzed SFA [14, 16]. 
The pooled hazard ratio for the associations between SFA 
and OS in univariable analysis was 1.87 (95% CI 1.45–
2.42, p < 0.0001). Also, for the studies, the heterogeneity 

was low (I2 = 16%) (Fig. 2b). The same two studies were 
included in the analysis between VSR and OS [14, 16]. 
The pooled hazard ratio for the associations between SFA 
and OS in univariable analysis was 1.30 (95% CI 1.06–
1.59, p = 0.01), with heterogeneity of 7% (Fig. 2c).

Disease-Free Survival
In 5 studies with 2,835 patients, associations between 

disease-free survival and VFA were analyzed. The pooled 
hazard ratio in univariable analysis was 1.17 (95% CI 
0.95–1.43, p = 0.14) (Fig. 3). The heterogeneity across the 
studies was moderate (I2 = 45%).

Postoperative Complications
Overall, 4 studies with 1,405 patients were included in 

the analysis between VFA and postoperative complica-
tions. The pooled odds ratio for VFA in univariable anal-
ysis was 1.36 (95% CI 1.09–1.69, p = 0.006) (Fig. 4a). The 
heterogeneity among the studies was high (I2 = 75%). In 
2 studies with 1,744 patients, the influence of VSR and 
SFA on the occurrence of postoperative complications 
was investigated [14, 16].

The pooled odds ratio for SFA was 1.06 (95% CI 0.73–
1.55, p = 0.77) (Fig. 4b), and for VSR, it was 1.02 (95% CI 
0.75–1.39, p = 0.89) (Fig. 4c). There was no heterogeneity 
across the studies (I2 = 0%).

Discussion

The present analysis identified a significant associa-
tion of VFA and SFA with OS, which highlights the im-
portance of assessment of body composition in gastric 
cancer. Interestingly, only VFA was associated with the 

Fig. 3. Forrest plots of the effect of high VFA on DFS. The pooled hazard ratio was 1.17 (95% CI 0.95–1.43).
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occurrence of postoperative complications, whereas SFA 
and VSR were not. A key finding can be summarized that 
VFA might be a more valuable parameter in clinical rou-
tine. The topic of body composition is an ever-growing 
research field with many clinically important applica-
tions and novel prognostic implications throughout al-
most every field of medicine [1–10].

Especially, oncological patients are at risk of changes 
of body composition, comprising sarcopenia and cachex-
ia for several reasons. At first, the cancer itself can cause 
muscle wasting and cachexia. Then there is the possible 
side-effect of the cancer treatment due to gastrectomy 
and systemic chemotherapy [19, 20]. That is why body 
composition assessment is of great importance in gastric 

cancer patients to provide new biomarkers. This is influ-
enced by several mechanisms and several adverse events, 
comprising fatigue, loss of energy, and emotional distress 
[19, 20].

Early on, it was acknowledged that not only the muscle 
mass is of importance but also the amount of visceral ad-
ipose tissue. An important finding was the combination 
of sarcopenia and visceral obesity, which was shown to be 
a risk in several tumor entities [25–27].

The present analysis used defined groups stratified by 
cut-off values into high and low-fat areas. This approach 
is commonly used in the literature to easily stratify pa-
tients and to identify patients at risk for hazardous out-
come.

a

b

c

Fig. 4. a Forrest plots of the effect of high VFA on postoperative complications. The pooled odds ratio was 1.36 
(95% CI 1.09–1.69). b Forrest plots of the effect of high SFA on postoperative complications. The pooled odds 
ratio was 1.06 (95% CI 0.73–1.55). c Forrest plots of the effect of high VSR on postoperative complications. The 
pooled odds ratio was 1.02 (95% CI 0.75–1.39).
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Yet, contrary to the skeletal muscle assessment for sar-
copenia, the definitions for high VFA are not as standard-
ized. In most studies, a threshold value of 100 cm2 is em-
ployed [28]. Beyond that, there is no consent on whether 
an index parameter might be superior to the area mea-
surement alone.

Regarding body composition assessment in gastric 
cancer patients, the first promising results were published 
in the literature [8–10, 29]. Thus, for sarcopenia defined 
as low-skeletal muscle mass, patients with preoperative 
sarcopenia had an increased risk of total postoperative 
complications (OR = 2.17, 95% CI = 1.53–3.08), severe 
complications (OR = 1.65, 95% CI = 1.09–2.50), and 
poorer OS (HR = 1.70, 95% CI = 1.45–1.99) in a meta-
analysis based on 4,262 patients [29]. In a recent study on 
840 patients, especially patients with sarcopenic obesity 
had worse outcome after gastrectomy (HR = 2.6, 95% CI 
= 1.313–5.179) [30].

However, there are also contrary results presented by 
a large-multicenter study investigating 761 esophageal-
gastric junction cancers undergoing palliative chemo-
therapy [31]. A linear model of body composition param-
eter was employed in this study, and the patient sample 
was not stratified according to high and low fat areas [31]. 
Contrary to the present study, no association between 
VFA and SFA with OS was identified.

Established factors for long-term survival after surgery 
for patients with gastric cancer are affected by both onco-
logical and nutritional associated factors. Moreover, 
baseline conditions of the patients, such as age and co-
morbidities, TNM stage, and differentiation of tumor, 
were identified to influence the long-term prognosis after 
surgery [15]. Presumably, assessment of body composi-
tion can provide novel and independent biomarkers to 
the existing clinical ones.

One concern of the present analysis is the identified 
heterogeneities, which are possibly caused by different 
patient samples in different tumor stages and various 
treatment options pooled together. However, for associa-
tions between SFA and VFA with OS in gastric cancer 
either none or low heterogeneity was observed in the 
present analysis.

Moreover, it should be acknowledged that different 
approaches to calculate the fat areas were employed. The 
acquisition level was predominantly at L3 with a fat area 
calculation on one slide. Only 2 studies used an index ap-
proach by dividing the VFA by the height to address pos-
sible confounding by the body height.

One potential concern of the reliability of the body com-
position parameters is that possible confounders can be dif-

ferent slice thickness inducing partial volume effects. How-
ever, there is enough data that single slice quantification of 
fat areas, both for MRI and CT, can be considered reliable 
with a high interreader agreement [32–34].

Nowadays, the segmentation of fat areas is semiquan-
titatively performed with resulting time consumption. 
Due to the advent of machine learning algorithm, the seg-
mentation of fat areas will be performed automatically, 
which was already shown in a promising study based on 
840 gastric cancer patients [30].

Another key finding was that only VFA was associated 
with postoperative complications, whereas SFA did not. 
This could lead to the association between VFA and OS 
in these patients but also have a direct association with the 
intraoperative conditions caused by visceral obesity. In a 
recent meta-analysis, visceral obesity was associated with 
an increased surgical site infection, pneumonia, and post-
operative pancreatic fistula. Yet, the authors concluded 
that further studies are needed to better understand the 
complex interactions between postoperative complica-
tions and visceral obesity [28].

In gastric cancer patients, the assessment of fat areas, 
especially VFA has been highlighted as an important fac-
tor [35, 36]. So, it could aid to stratify patient groups un-
dergoing surgical treatment [35] and could help to iden-
tify patients with limitation of chemotherapy treatment 
[36]. In short, every aspect of gastric cancer treatment 
could be guided by fat area assessment.

Pathophysiologically, VFA is associated with increased 
serum levels of inflammatory cytokines and angiogenic 
factors, which could promote tumor growth [37], which 
could influence the OS. Moreover, a higher intraperito-
neal fat tissue could promote invasion and peritoneal me-
tastasis of gastric cancer [38]. As another point, VFA has 
higher hormonal and metabolic activities than SFA [39–
41]. Visceral adipocyte-induced insulin-like growth fac-
tor, inflammatory adipokines like interleukin-6 and tu-
mor necrosis factor-α, and angiogenic factors are report-
ed as mediators related with the tumorigenesis of 
obesity-related tumors [39, 41]. Recently, it was even 
shown that higher VFA is associated with a higher inci-
dence of pancreatic cancer and lung squamous cell carci-
noma based on epidemiological analyses [42]. However, 
there is a definite need for further investigations to ana-
lyze interactions of visceral fat and tumor micromilieu 
directly. Importantly, the underlying mechanism of why 
VFA is linked to OS in patients with gastric cancer is still 
elusive.

The present meta-analysis has several limitations. 
First, there are inhomogeneities among the included 
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studies. Possible reasons are different methods estimating 
fat areas and different composition of the patient samples. 
This results in relatively large inhomogeneity indices in 
the present analyses. Second, there is restriction to En-
glish language. Third, only few studies investigated all fat 
areas comprising all values of adipose tissue, namely, 
VFA, SFA, and VSR. Most studies analyzed only VFA. 
Forth, most studies were based on patient samples of 
Asia, and no study was performed in Europe or North 
America. Therefore, the present results should be trans-
lated with care for patients of these continents. There is 
definite need for studies investigating gastric cancer pa-
tients in Europe and North America. Fifth, only data of 
univariable analyses could be pooled in this analysis. The 
included papers did not report sufficient results in a mul-
tivariable way. This could result in certain confounders as 
the effect of the CT-defined fat parameters is not adjusted 
to already established prognostic markers. However, as 
the present meta-analysis pools data of several published 
papers, the present results can nevertheless be considered 
reliable.

Conclusion

CT-defined VFA and SFA are associated with OS in 
patients with gastric cancer. VFA influences also the oc-
currence of postoperative complications. Therefore, as-
sessment of fat areas should be included in clinical rou-
tine in patients with gastric cancer.
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