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Background: Sarcopenia is an inevitable problem in older patients. After gastrectomy, patients often have 
an inadequate dietary intake and easily fall into sarcopenia. However, the impact of preoperative sarcopenia 
on long-term outcomes after gastrectomy has not been analyzed.
Methods: A systematic review was conducted for all relevant articles identified on PubMed, the Cochrane 
Library, Web of Science, and ClinicalTrials.gov until April 2023. Adjusted hazard ratios (HRs) and odds 
ratios (ORs) with 95% confidence intervals (CIs) were calculated using the fixed or random effects model 
according to the heterogeneity. The Newcastle-Ottawa Scale was used to quantify study quality.
Results: Seven studies involving 1,831 patients aged ≥65 years who underwent gastrectomy for gastric 
cancer were analyzed. Four hundred twelve patients (22.5%) were diagnosed with sarcopenia. The analysis 
showed that preoperative sarcopenia was significantly associated with poor overall survival (OS) (HR =1.93; 
95% CI:1.60–2.34; P<0.001). Two of the included studies also showed that preoperative sarcopenia was 
significantly correlated with disease-related survival: one with disease-specific survival (DSS) (HR =4.00; 
95% CI: 1.20–13.3, P=0.024) and the other with non-cancer specific survival (HR =3.27; 95% CI: 1.61–6.67; 
P=0.001). Furthermore, sarcopenic patients experienced more severe complications than non-sarcopenic 
patients (OR =1.80; 95% CI: 1.10–2.95; P=0.019).
Conclusions: This meta-analysis suggested that preoperative sarcopenia is useful as a prognostic factor of 
impaired OS in older patients after gastrectomy. Preoperative evaluation and intervention for skeletal muscle 
loss should be considered. Further studies of sarcopenic impact on disease-related survival are required.
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Introduction

Gastric cancer is one of the most prevalent tumors 
and the third leading cause of cancer-related mortality  
worldwide (1). Recent progress in surgical skills and 
perioperative management, represented by enhanced 
recovery after surgery, have decreased postoperative 
mortal i ty  after  gastrectomy. However,  treatment 
strategies are still troublesome for older patients because 
of comorbidities, performance dysfunction, frailty, and 
sarcopenia. In this aging society, appropriate interventions 
to these perioperative factors are required for further 
improvements in surgical curability; therefore, studies on 
prediction of postoperative outcomes in older patients have 
great value.

Sarcopenia is described as age-related, progressive, and 
generalized loss of skeletal muscle mass and strength (2) 
and has attracted much attention in recent years. A high 
prevalence of sarcopenia was observed particularly in older 
patients (3), which is not negligible in oncology especially, 
because its frequency increases by up to 35% in gastric 
cancer (4). Several studies have described the negative 
impact of sarcopenia on short outcomes (5); however, the 
impact of preoperative sarcopenia on long-term outcomes 
has not been fully investigated in older populations. 
Especially, not only overall survival (OS) but other disease-
related survival, such as relapse free survival (RFS), disease-

specific survival (DSS), and cancer-specific survival (CSS), 
should be investigated as long-term outcomes because 
sarcopenia in old age might be associated with non-cancer-
related death.

To investigate whether preoperative sarcopenia influences 
the survival outcomes of older patients undergoing 
gastrectomy for gastric cancer, we performed a systematic 
review of the literature regarding the relationship between 
sarcopenia and survival in older patients. We present 
this article in accordance with the MOOSE reporting 
checklist (available at https://tgh.amegroups.com/article/
view/10.21037/tgh-23-34/rc) (6).

Methods

Search strategy

The protocol has been registered on PROSPERO 
(CRD42023418009).

We searched articles published from January 1998 to 
March 2023 in the MEDLINE (PubMed), Cochrane 
Central Register of Controlled Trials (Cochrane Library), 
Web of Science, and ClinicalTrials.gov databases for 
ongoing or unpublished trials on April 30, 2023. We 
retrieved medical subject headings (Mesh) and equivalent 
text word terms, such as “older”, “elderly”, “sarcopenia”, 
“muscle atrophy”, “frail”, “gastric cancer”, and “stomach 
neoplasms”. 

Study selection

Two investigators (Terayama M and Ohashi M) reviewed 
the titles and abstracts of all identified studies and judged 
whether these studies were eligible for review. We included 
both retrospective and prospective cohort studies in which 
patients aged 65 years and older undergoing gastrectomy 
were categorized into frail or sarcopenic groups. Studies 
were excluded if survival outcomes were not examined. 
Abstracts, letters, editorials and expert opinions, reviews 
without original data, case reports, and studies lacking 
control groups were excluded. If multiple publications 
from the same study cohort were presented, the largest 
and most recently updated data sets were chosen. When a 
study was considered relevant, we reviewed the full article. 
The reference lists of all relevant articles were manually 
scrutinized to identify potentially relevant studies. Article 
language was limited to English.

Highlight box

Key findings
• Preoperative sarcopenia was associated with poor survival in older 

patients undergoing gastrectomy. 

What is known and what is new?
• A high prevalence of sarcopenia was observed particularly in older 

patients. Previous studies have described the negative impact of 
sarcopenia on short outcomes of gastrectomy for gastric cancer; 
however, the impact of preoperative sarcopenia on long-term 
outcomes has not been fully investigated in older populations. 

• This analysis provided an important notion that preoperative 
evaluation of sarcopenia is useful for predicting overall and disease-
related survivals of older patients with gastric cancer.

What is the implication, and what should change now?
• In older patients who are intended to undergo gastrectomy, the 

screening of sarcopenic patients, preoperative nutritional and 
exercise interventions may be required to obtain better survival 
outcomes. 

https://tgh.amegroups.com/article/view/10.21037/tgh-23-34/rc
https://tgh.amegroups.com/article/view/10.21037/tgh-23-34/rc
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Data extraction and quality assessment

Two reviewers (Terayama M and Ohashi M) independently 
reviewed all eligible studies and extracted all relevant data. 
Discrepancies between the two reviewers were resolved 
by discussion and consensus. The following data were 
extracted from each eligible study: targeted age, sex, stage, 
type of resection, number of patients, criteria or tools used 
for sarcopenia, prevalence of sarcopenia, survival, and 
postoperative complications. We contacted the authors 
when relevant data were lacking. The Newcastle-Ottawa 
Scale was used to quantify study quality, and those achieving 
six or more stars (out of nine) were considered higher 
quality (7).

Statistical analysis

The primary outcome of this analysis was to evaluate the 
association between sarcopenia and OS in older patients. 
The disease-related survival, such as RFS, DSS, and 
CSS and postoperative complications in older patients 
undergoing gastrectomy were secondary outcomes. 
Dichotomous variables were analyzed using estimation 
of odds ratios (ORs) with 95% confidence intervals 
(CIs), and hazard ratios (HRs) and 95% CIs were used to 
analyze postoperative OS. Heterogeneity across studies 
was evaluated by I2. We considered heterogeneity to be 
present if the I2 statistic was >50%. The fixed effect model 
was used for meta-analysis in cases of non-significant 
heterogeneity. If there was significant heterogeneity, the 
random model was used. These results were visualized 
with forest plot. Publication bias was assessed with a funnel 
plot. All statistical tests were two-sided, and P<0.05 was 
considered statistically significant. All statistical analyses 
were performed using EZR (Saitama Medical Center, 
Jichi Medical University, Saitama, Japan), a graphical 
user interface for R (The R Foundation for Statistical 
Computing, Vienna, Austria).

Results

Study characteristics

The search strategy initially identified 262 studies. After 
exclusion of irrelevant studies, 39 potentially relevant 
articles were obtained for assessment. We further excluded 
32 studies because of disparate outcomes (n=22) and wrong 
exposure (n=9) and focused on other cancers (n=1). Finally, 

seven studies (four from Japan, two from China, and one 
from South Korea) were included (8-14). The PRISMA 
flowchart of literature assessment is shown in Figure 1. 

The characteristics of seven studies are shown in Table 1. 
A total of 1,831 patients was included. Patients categorized 
as older patients were more than 65 years old in four studies 
(8,12-14), more than 75 years old in two studies (10,11), 
and more than 80 years old in one study (9). Four studies 
adopted the skeletal muscle index (SMI) for evaluating 
skeletal muscle mass according to the algorithm of the 
European Working Group on Sarcopenia in Older Persons 
(EWGSOP) (8,10-12). In the remaining three studies, psoas 
muscle index (PMI) (12), study of osteoporotic fractures 
(SOF) index (14), and clinical frailty scale (CFS) score (9)  
were used. The prevalence of sarcopenia ranged from 
13.6% to 52.1%. 

Table 2 showed the characteristics of sarcopenic patients in 
the included studies. A total of 412 patients were diagnosed 
as sarcopenic. Patients with sarcopenia were relatively 
old and a high proportion had advanced tumor-node-
metastasis (TNM) stage, with stage ≥II patients accounting 
for 76.1% of patients in a study by Chen et al. (13).  
All seven studies were methodologically sound, with no less 
than six stars.

Primary outcome

OS
All included studies investigated OS after gastrectomy in 
sarcopenic and non-sarcopenic patients. In these studies, 
all the patients underwent R0 resection for gastric cancer. 
The meta-analysis results suggested that sarcopenic patients 
showed worse survival than non-sarcopenic patients  
(HR =1.93; 95% CI:1.60–2.34; P<0.001) (Figure 2).

Secondary outcomes

Disease-related survival
Three studies  analyzed the relat ionship between 
preoperative sarcopenia and disease-related survival: DSS, 
DFS, or CSS, as described in each study. We extracted 
HRs for disease-related survival from these three studies 
involving 1,080 patients. Chen et al. revealed no association 
between preoperative sarcopenia and DFS (HR =1.03; 95% 
CI: 0.78–1.35; P=0.857) (13), while Watanabe et al. showed 
a significant correlation between preoperative sarcopenia 
and non-CSS (HR =3.27; 95% CI: 1.61–6.67; P=0.001) (12).  
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Figure 1 Flowchart of the selection process for included studies.

Identification of studies via databases and registers

Records identified from:
• PubMed (n=247)
• Cochrane CENTRAL (n=1)
• Web of Science (n=6)
• Clinical Trials gov. (n=12)

Records screened 
(n=262)

Reports sought for retrieval 
(n=39)

Reports assessed for eligibility 
(n=7)

Studies included in review 
(n=7)

Reports of included studies
(n=7)

Records removed before screening:
•  Duplicate records removed (n=4)

Records excluded 
(n=223)

Reports not retrieved 
(n=39)

Reports excluded:
• Disparate outcome (n=22)
• Wrong exposure (n=9)
• Wrong population (n=1)
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Table 1 Characteristics and survival outcomes of studies comparing sarcopenic and non-sarcopenic older patients undergoing gastrectomy

Study author, year Type of study, country
Number of 

patients
Age,  
years

Sarcopenia 
criteria

Prevalence of 
sarcopenia, %

Survival outcomes (sarcopenia  
vs. non-sarcopenia), HR (95% CI)

Huang, 2016 (8) Prospective, China 173 ≥65 SMI 30.1 1-year mortality: 3.62 (1.46–8.95)

Tanaka, 2019 (9) Retrospective, Japan 96 ≥80 CFS score 17.1 OS: 3.43 (1.43–8.22)

DSS: 4.00 (1.20–13.3)

Yamamoto, 2019 (10) Retrospective, Japan 90 ≥75 SMI 21.2 OS: 2.92 (1.10–7.75)

Taki, 2021 (11) Retrospective, Japan 257 ≥75 SMI 52.1 OS: 1.78 (1.12–2.83)

Watanabe, 2021 (12) Retrospective, Japan 242 ≥65 PMI 13.6 OS: 4.01 (1.75–9.22)

Non-CSS: 3.27 (1.61–6.67)

Chen, 2022 (13) Prospective, China 742 ≥65 SMI 16.4 OS: 1.08 (0.82–1.42)

DFS: 1.03 (0.78–1.35)

Jeong, 2022 (14) Prospective, South Korea 231 ≥65 SOF index 15.2 OS: 3.33 (1.16–9.55)

HR, hazard ratio; CI, confidence interval; SMI, skeletal muscle index; CFS, clinical frailty scale; OS, overall survival; DSS, disease-specific 
survival; PMI, psoas muscle index; CSS, cancer-specific survival; DFS, disease-free survival; SOF, study of osteoporotic fractures.
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In contrast, Tanaka et al.  noted that patients with 
preoperative sarcopenia showed significantly worse DSS 
than non-sarcopenic patients (HR =4.00; 95% CI: 1.20–
13.3; P=0.024) (9).

Postoperative complications

Four studies further analyzed the relationship between 
preoperative sarcopenia and postoperative severe 
complications (Clavien-Dindo classification ≥III). The 
analysis showed that sarcopenic patients experienced more 
severe complications than non-sarcopenic patients (OR 
=1.80; 95% CI: 1.10–2.95; P=0.019) (Figure 3). 

Publication bias

Publication bias was not assessed because of the small 
number of included studies (fewer than 10).

Discussion

The present analysis clearly revealed that older gastric 
cancer patients with sarcopenia showed poorer survival 
than those without sarcopenia. Several systematic reviews 
and meta-analyses have reported the prognostic value of 
evaluating sarcopenia for postoperative complications and 
survival in patients undergoing gastrectomy (15-18). These 
reviews are for all generations; however, the impact of 

Table 2 Characteristics of sarcopenic patients in the included studies

Study author, year
Number of 

sarcopenic patients
Age, years

Sex,  
M/F

Stage, I/II/III/IV
Type of resection, 

TG/non-TG
Postoperative severe 
complications, n (%)

NOS  
score

Huang, 2016 (8) 52 76 [69–83]† 14/38 8/12/32/0 25/27 N/A 6

Tanaka, 2019 (9) 17 83 [80–92]† 10/7 6/6/5/0 2/15 3 (17.6) 8

Yamamoto, 2019 (10) 19 76 [67–83]† 17/2 N/A 6/13 6 (31.6) 7

Taki, 2021 (11) 134 N/A N/A N/A N/A N/A 8

Watanabe, 2021 (12) 33 77.6±5.2‡ 17/16 18/6/9/0 5/28 4 (12.1) 7

Chen, 2022 (13) 122 74 [65–83]† 99/23 34/32/56/0 51/71 11 (9.0) 8

Jeong, 2022 (14) 35 70.0±4.82‡ 22/13 22/7/5/1 27/8 N/A 7
†, values are represented as median with range; ‡, values are represented as mean ± standard deviation. TG, total gastrectomy; NOS, 
Newcastle-Ottawa scale, N/A, not applicable.

Figure 2 Forest plot of studies comparing overall survival between sarcopenic and non-sarcopenic groups. CI, confidence interval; HR, 
hazard ratio.
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sarcopenia on postoperative outcomes should be completely 
different in clinical practice between older patients and 
the other generations because the physical dysfunctions 
caused by sarcopenia are more frequently observed in older 
patients. A review targeted to older patients is in demand 
by surgeons, but no such reviews have been found thus far. 
Although only one review suggested a relationship between 
sarcopenia and postoperative complications in older  
patients (19), to the best of our knowledge, this is the 
first review and meta-analysis to focus on the impact of 
sarcopenia in predicting long-term outcomes in older 
patients undergoing gastrectomy for gastric cancer. From 
our study, preoperative assessment of sarcopenia is required 
for older patients with gastric cancer to determine adequate 
treatment strategies and improve survival outcomes in 
patients undergoing gastrectomy. 

Sarcopenia is an inevitable problem in older patients. 
Muscle strength declines by 3% after approximately  
60 years, and 11–50% of older people aged around 80 years 
are affected by sarcopenia (20,21). In patients with malignant 
tumors, sarcopenia accelerates because of metabolic changes 
such as increased energy expenditure, excess catabolism, 
and chronic inflammation, with a prevalence of 39.6% in 
the curative setting and 49.2% in the palliative setting (4).  
In gastric cancer patients, sarcopenia significantly affected 
long-term outcomes in curative settings like other  
tumors (22), although the prognostic role of sarcopenia 
is limited in palliative settings (23). Older patients with 
gastric cancer are easy to fall into malnutrition because 
they often experience inadequate dietary intake, leading 
to poor protein synthesis and subsequent skeletal muscle 
loss. Additionally, the low skeletal muscle mass increases 
chemotherapeutic toxicity, decreases chemotherapeutic 

efficacy and reduces quality of life (24), which become 
obstacles to adjuvant chemotherapy administration. A 
rehabilitation program is also initiated after gastrectomy, 
but postoperative pain and decreased activity during 
hospitalization interrupt effective exercise. These specific 
situations in older patients after gastrectomy make it 
difficult to promote postoperative nutritional and exercise 
support for muscle maintenance. Moreover, because older 
patients have less functional and energy reserves, the more 
severe the preoperative sarcopenia is, the more difficult 
their functional recovery is. Thus, extracting preoperative 
sarcopenia is very important for older patients with 
gastric cancer. A recent study showed the possibility that 
preoperative exercise and a nutritional support program 
reduced sarcopenia in aged sarcopenic patients with gastric 
cancer (25).

The prevalence of preoperative sarcopenia ranged 
from 13.6% (14) to 52.1% (11) in the present review. This 
wide prevalent range of sarcopenia may be mainly due 
to the different diagnosed criteria used to assess muscle 
decline. In the present review, four criteria were used for 
the diagnosis of sarcopenia: SMI, PMI, CFS score, and 
SOF index. These indicators are divided into two types: 
CT-based objective methods (SMI and PMI) and person-
based subjective methods (CFS score and SOF index). 
However, in terms of accuracy and reproducibility, SMI 
and PMI might be reliable indicators. The EWGSOP (26) 
and the Asian Working Group for Sarcopenia (AWGS) (27) 
recommend the use of SMI, although both indicators are 
reported to reflect the skeletal muscle mass of the whole 
body (28) and be associated with postoperative outcomes 
after gastrectomy (29). Thus, SMI is used worldwide and is 
a more informative indicator than PMI. 

Figure 3 Forest plot of studies comparing postoperative severe compilations (Clavien-Dindo ≥III) between sarcopenic and non-sarcopenic 
groups. CI, confidence interval; OR, odds ratio.
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The negative impact of sarcopenia on postoperative 
outcomes has recently been debated. A recent meta-
analysis of 7,843 patients with solid tumors from 38 studies 
concluded that sarcopenia was associated with poor OS (3). 
A systematic review conducted by Wagner et al. showed 
that frailty and sarcopenia predicted poor outcomes 
among patients undergoing gastrointestinal surgery (30). 
In gastrectomy, the association between sarcopenia and 
postoperative outcomes was noted in a systematic review 
by Yang et al., in which preoperative sarcopenia increased 
the risk of severe complications as well as poorer OS (31). 
Consistent with these previous studies, our analysis showed 
that preoperative sarcopenia was significantly associated 
with severe postoperative complications if limited to older 
patients. However, in this aging era, a strategy focused 
on older patients is required. Although only one meta-
analysis by Shen et al. showed the negative impact of 
sarcopenia on short outcomes in older patients undergoing  
gastrectomy (19), there has been no systematic review 
focused on older patients reporting the predictive value 
of sarcopenia on long-term outcomes, not perioperative 
outcomes, after gastrectomy.

In our all-included studies, six studies reported that 
preoperative sarcopenia was independently associated with 
poor survival. Although the other study reported by Chen 
et al. showed no association between sarcopenia and survival 
outcomes (OS and DFS) (13), this difference might depend 
on their large population at a highly advanced stage. TNM 
stage is a well-known risk factor for worse survival and might 
mask the negative effect of sarcopenia on survival. A recent 
study focused on sarcopenic patients suggested that they 
have significantly poorer OS and DFS than non-sarcopenic 
patients at TNM stages II and III, but not stage I (32). As 
well as OS, two studies in our analysis by Tanaka et al. (9)  
and Watanabe et al. (12) revealed the adverse impact 
of sarcopenia on disease-related survival. This analysis 
indicated that preoperative sarcopenia in older patients was 
related not only to OS but also to disease-related survival. 

There are possible explanations for the negative impact of 
sarcopenia on the survival outcomes of older gastric cancer 
patients. First, sarcopenic patients have impaired tolerance 
for adjuvant therapy after gastrectomy. Because malignancy 
is a cause of sarcopenia (18), sarcopenic patients are likely 
to have a more advanced TNM stage and require adjuvant 
chemotherapy. However, the induction and compliance rate 
of postoperative adjuvant chemotherapy after gastrectomy 
tends to be lower in sarcopenic patients (33). Consequently, 
in the included studies, a high recurrence rate was observed 

in the older sarcopenic group compared with the findings 
in the non-sarcopenic group, as shown by Tanaka et al.  
(sarcopenic group 23.5% vs. non-sarcopenic group  
13.9%) (9). This poor locoregional control might lead 
to early death and worse DSS. Second, sarcopenia is also 
associated with non-cancer-related death and will harm 
the benefits of surgical curability. Under the condition 
of cancer cachexia, an involuntary loss of skeletal muscle 
mass is caused by simulating systemic inflammation and 
cytokine networks, which increase secondary comorbidities 
and lead to non-cancer-related death (34). For instance, 
postoperative pneumonia is a representative adverse impact 
of sarcopenia caused by impaired functioning of respiratory 
and swallowing muscles (19) and is a serious problem in 
older patients, leading to poor long-term survival (35). 
In this analysis, the association between preoperative 
sarcopenia and disease-related survival could not be 
conducted because of limited studies; therefore, further 
research is required.

There were several limitations of this analysis. All 
included studies were conducted in an Asian population, 
and thus the findings are not generalizable to non-
Asian populations. Second, all included studies in this 
analysis were retrospective and uncontrolled, which 
might potentially have introduced selection bias. Third, 
all included studies missed information about adjuvant 
therapy. Chemotherapy data between sarcopenic and non-
sarcopenic patients affect survival outcomes because the 
number of patients who received chemotherapy might 
be small because of old age. Fourth, sarcopenic patients 
were at more advanced TNM stages than non-sarcopenic 
patients, which might have affected the survival outcomes. 
Fifth, even though we applied random-effects models 
and performed subgroup analyses, the heterogeneity 
still could not be ignored. Sixth, we could not undertake 
analyses for DSS, CSS, and DFS because multiple studies 
were not conducted. Thus, further research about these 
outcomes is required. Finally, the various criteria used for 
muscle evaluation in each study may be an issue. Although 
each criterion is reliable, the heterogeneity of evaluation 
indicators might affect the outcomes. 

Conclusions

In conclusion, this analysis provided an important notion 
that preoperative evaluation of sarcopenia is useful for 
predicting not only OS but disease-related survival. 
According to our analysis, the selection of sarcopenic 
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patients and preoperative nutritional and exercise 
interventions are required for the better prognosis of older 
patients undergoing gastrectomy. 
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