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Abstract
Purpose: Death due to other diseases is one factor related to long-term prognosis after gastrectomy;
however, few studies have examined the relationship between death due to other diseases and
undernutrition. This study aimed to clarify the factors associated with death due to other diseases after
gastrectomy for gastric cancer.

Methods: This retrospective cohort study included consecutive patients who had undergone gastrectomy
between April 2008 and June 2018 for primary stage II–III gastric cancer. The primary outcome was
other-cause survival (OCS). To identify prognostic factors for OCS for univariate analysis, we used a Cox
proportional hazards regression model.

Results: A total of 512 patients met the inclusion criteria. The average age was 67.93 years, and the
average body mass index was 22.75 kg/m2, with 84 (16.4%) moderately malnourished and 88 (17.2%)
severely malnourished, as de�ned by the Global Leadership Initiative on Malnutrition (GLIM) criteria. The
OCS for the malnourished group was signi�cantly worse than that for the normal group (P < 0.001). The
prognosis was worse when the severity of malnutrition was worse (P < 0.001). Multivariate analysis
showed that severe malnutrition (hazard ratio [HR]: 3.259, 95% con�dence interval [CI]: 1.396–7.609,
P = 0.006) and severe postoperative complications (HR: 4.245, 95% CI: 2.207–8.166, P < 0.001) were
signi�cant independent prognostic factors for OCS.

Conclusions: Undernutrition, as de�ned by the GLIM criteria, is useful for the preoperative prediction of
death due to other diseases after gastrectomy in patients with advanced gastric cancer.

Introduction
Recently, body composition, including skeletal muscle mass and fat mass, has been used to assess
undernutrition, and its correlation with the prognosis for patients with gastric cancer after gastrectomy
has been explored. The widely accepted Global Leadership Initiative on Malnutrition (GLIM) criteria
considers reduced muscle mass to be indicative of undernutrition, suggesting that patients with
sarcopenia are undernourished [1]. A recent systematic review has shown that reduced skeletal muscle
mass is associated with a poor prognosis for gastric cancer patients [2], and reduced visceral and
subcutaneous fat mass is also associated with a poor prognosis for gastric cancer patients [3, 4].
Therefore, the assessment of body composition is essential for predicting postoperative outcomes.

Death due to other diseases is one factor related to long-term prognosis after gastrectomy; however, few
studies have examined the relationship between death due to other diseases and undernutrition.
Sarcopenia has been reported to increase short-term postoperative pneumonia [5]. In addition, the
preoperative assessment of muscle quantity and quality, in particular, has been reported to be useful in
assessing long-term death due to other diseases [6]. However, the effect of visceral and subcutaneous fat
on death due to other diseases has not been clari�ed, and the relationship between undernutrition and
death due to other diseases, as de�ned by the GLIM criteria, has not been fully investigated. The
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preoperative prediction of death due to other diseases after gastrectomy is an important factor in
postoperative treatment and its selection.

This study aimed to clarify the factors associated with death due to other diseases after gastrectomy for
advanced gastric cancer. In addition to cancer-related and surgical factors, we focused on body
composition and undernutrition as de�ned by the GLIM criteria, which have recently attracted attention.

Material And Methods

Patients
This retrospective cohort study included consecutive patients who had undergone a gastrectomy between
April 2008 and June 2018 for primary stage II–III gastric cancer, as de�ned by the 15th edition of the
Japanese Classi�cation of Gastric Carcinomas. Patients were excluded if they (1) had residual gastric
cancer, (2) had cancer in other organs, (3) had undergone surgical procedures not related to gastrectomy,
(4) had unresectable distant metastases, and (5) had undergone preoperative treatment. Patients with
positive ascites cytology (CY1) without distant metastases were included. The Institutional Ethical
Review Committee of Ishikawa Prefectural Central Hospital approved the study protocol (authorization
No. 1847).

Outcomes
Other-cause survival (OCS), de�ned as the time between surgery and death not related to the gastric
cancer, was the primary outcome of this study. Kaplan-Meier survival analysis was performed using the
log-rank test for OCS. To identify prognostic factors for OCS for univariate analysis, we used a Cox
proportional hazards regression model, in which multivariate analysis was conducted to obtain hazard
ratios (HRs). Statistical analyses were performed using EZR software and statistical signi�cance was set
at P < 0.05.

De�nition of other factors
The GLIM criteria were used in this study to de�ne the parameters used to diagnose the severity of
malnutrition [1]. The body mass index (BMI) and body weight loss (BWL) rate were used to classify the
patients as having moderate or severe malnutrition, according to the GLIM criteria (Table 1). Normal
nutrition was de�ned as the absence of malnutrition.

Visual analysis of preoperative plain computed tomography (CT) images using the graphical analysis
software Ziostation (ZIOSOFT, Tokyo, Japan) was used to estimate visceral and subcutaneous fat mass
at the umbilical level, as well as skeletal muscle mass at the third lumbar vertebra level. Visceral and
subcutaneous fat mass and skeletal muscle mass were measured on one CT image slice. The masses
were divided by the height of the patient to determine the visceral adipose tissue index (VAI),
subcutaneous adipose tissue index (SAI), and skeletal muscle mass index (SMI), respectively. As
performed in previous studies, we measured the CT values (in Houns�eld units [HU]) of the regions of
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interest at the umbilical level and then calculated the intramuscular adipose tissue content (IMAC) by
dividing the CT value of the multi�dus muscles by the CT value of the subcutaneous fat [7]. The cutoff
values for the VAI, SAI, and IMAC were estimated for men and women based on the median values for
each group, and the reported cutoff values for SMI were adopted [8]. The cutoff values for each
parameter are presented in Table 2. Patients with an SMI below or above the cutoff value were classi�ed
as having a low SMI or a high SMI, respectively. Low SMI was further divided into moderate and severe
SMI [8].

We de�ned postoperative complications that occurred within 30 days after surgery as Clavien-Dindo
classi�cation (CD) grade ≥ 2 and severe complications as CD grade ≥ 3.

Results

Patient background
Table 3 presents a summary of patient characteristics. A total of 512 patients [336 (65.6%) male and 176
(34.4%) female] met the eligibility criteria. The average age was 67.93 years and the average BMI was
22.75 kg/m2. The pathological stages of the patients were as follows: 88 (17.2%) were stage I, 176
(34.4%) were stage II, 193 (37.2%) were stage III, and 55 (10.7%) were stage IV. Eighty-four (16.4%)
patients were moderately malnourished and 88 (17.2%) were severely malnourished. The low-SMI group
comprised 235 (48.5%) patients, while the moderate and severe groups comprised 152 (31.3%) and 83
(17.1%), respectively. There were 246 (50.7%) in the high-IMAC group, 243 (50.1%) in the low-VAI group,
and 242 (49.9%) in the low-SAI group.

Comparison of OCS curves
Death due to other diseases was observed in 45 (8.8%) patients. The median follow-up time was 41
months (interquartile range: 17–60 months). The OCS curves of the two groups are compared in Fig. 1.
The prognosis for the malnourished group was signi�cantly worse than that for the normal group (P < 
0.001), that for the low-SMI group was signi�cantly worse than that for the high-SMI group (P = 0.003),
and that for the low-SAI group was signi�cantly worse than that for the high-SAI group (P = 0.001). In
contrast, the prognoses for the high- and low-IMAC groups (P = 0.476) and the low- and high-VAI groups
were not signi�cantly different (P = 0.076).

Strati�ed survival curves for OCS
The strati�ed survival curves for OCS are shown in Fig. 2. As can be seen from Fig. 2a, the prognosis
worsened with increasing severity of malnutrition(P < 0.001). Figure 2b shows that both moderate and
severe low-SMI patients had a poor prognosis (P = 0.006). Figure 2c shows that patients with the
comorbidities of low SMI and high IMAC had the worst prognosis (P = 0.036). Finally, Fig. 2d shows that
the patients with both low VAI and low SAI had the worst prognosis (P = 0.015).

Prognostic factors for OCS
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Table 4 presents the results of the analysis of the prognostic factors for OCS. Univariate analysis showed
that age ≥ 70 years (P < 0.001), D2 lymph node dissection (P = 0.038), moderate and severe malnutrition
(P = 0.013 and P < 0.001, respectively), severe low SMI (P = 0.024), low SAI (P = 0.002), and severe
postoperative complications (P < 0.001) were statistically signi�cant prognostic factors for OCS.
Multivariate analysis showed that age ≥ 70 years (HR: 2.450, 95% con�dence interval [CI]: 1.219–4.927,
P = 0.012), severe malnutrition (HR: 3.259, 95% CI: 1.396–7.609, P = 0.006), and severe postoperative
complications (HR: 4.245, 95% CI: 2.207–8.166, P < 0.001) were signi�cant independent prognostic
factors for OCS.

Discussion
Our study identi�ed factors associated with death due to other diseases after gastrectomy in patients
with advanced gastric cancer. We found that severe malnutrition, as de�ned by the GLIM criteria and
assessed by BMI and BWL, as a preoperative predictor and the occurrence of severe complications with
CD grade 3 or higher as a postoperative factor were independent factors associated with a poor
prognosis for OCS.

In this study, pneumonia was the most common cause of death among the other diseases. GLIM-de�ned
malnutrition has been linked to death due to other diseases caused by pneumonia, which is a
complication of gastric cancer and the risk of which increases as undernutrition increases [8]. In addition,
severe GLIM-de�ned undernutrition not only increases postoperative pneumonia but also increases
mortality within 90 days after surgery [9]. The present study showed that severe GLIM-de�ned
undernutrition increases the incidence of fatal pneumonia in the long term. This is the �rst study to show
that GLIM-de�ned undernutrition is a factor associated with a poor prognosis for OCS.

Analysis of body composition revealed that muscle quantity, muscle quality, visceral fat mass, and
subcutaneous fat mass were not independent indicators of OCS. Comparison of the survival curves
showed that the comorbidities of low SMI and high IMAC were factors for a poor prognosis, as were low
VAI and low SAI. A previous report showed the usefulness of the assessment of muscle quantity and
quality in predicting death due to other diseases [6], supporting the results of this study. We used the SMI
cutoff value, which is the most commonly used value in Asia, and further divided the low-SMI category
into moderate and severe SMI, but neither factor was an independent predictor of a poor prognosis.
Based on these results, the combination of muscle mass and muscle quality is more useful than muscle
mass and muscle quality separately for predicting the prognosis for OCS. The assessment of handgrip
strength has been regarded essential for the diagnosis of sarcopenia [10]. In an earlier study, we showed
that low preoperative handgrip strength increases the risk of death due to other diseases [11]. In addition
to muscle mass and muscle quality measurements, functional assessments may be useful in predicting
death due to other diseases, but further study is needed. Although fat mass re�ects excessive nutrient
accumulation, BWL occurs after gastrectomy. Those with low VAI and low SAI before gastrectomy may
experience postoperative energy depletion. This suggests that body composition assessment alone
cannot predict death due to other diseases.
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Regarding the generalization of our results, determination of GLIM-de�ned malnutrition based on BMI
and BWL does not require any special tests and can be easily performed immediately in daily clinical
practice. In addition, GLIM-de�ned malnutrition can be evaluated repeatedly, not only preoperatively, but
also during the follow-up period. In this study, we did not include low SMI in the diagnosis of GLIM-
de�ned malnutrition because the cutoff value for muscle mass has not been established in the current
GLIM criteria, so its validity has not been veri�ed. Multivariate analysis suggested that GLIM-de�ned
malnutrition based on BMI and BWL may be more useful than muscle mass alone in predicting death due
to other diseases.

This study has some limitations. First, it was a single-center retrospective cohort study. Second, the cutoff
values of the parameters are unclear and require validation by additional multicenter cohort studies. This
study revealed that a low preoperative BMI or a high BWL may increase the risk of death due to other
diseases in gastric cancer patients with postoperative weight loss. Patients with preoperative GLIM-
de�ned malnutrition should be followed up to check their nutritional status and, if necessary, considered
for nutritional support. They should also be followed up for any postoperative decline in physical
function. Intervention with physical exercise may be necessary to prevent long-term pneumonia and
muscle weakness due to lack of use. Therefore, it is necessary to clarify whether such nutritional and
exercise interventions have prolonged prognostic effects on patients with GLIM-de�ned malnutrition.

Conclusion
undernutrition as de�ned by the GLIM criteria is useful for the preoperative prediction of death due to
other diseases after gastrectomy in patients with advanced gastric cancer.
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Figure 1

Other-cause survival curves with respect to the following factors:

(a) malnutrition de�ned by GLIM criteria (P < 0.001),

(b) SMI (P = 0.003),
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(c) IMAC (P = 0.476),

(d) VAI (P = 0.076),

(e) SAI (P = 0.001).

Figure 2

Other-cause survival curves strati�ed with respect to the following factors:

(a) severity of malnutrition de�ned by GLIM criteria (P < 0.001),

(b) low-SMI severity (P = 0.006),

(c) low SMI and/or high IMAC (P = 0.036),
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(d) low VAI and/or low SAI (P = 0.015).


