
396

ORIGINAL

Prognostic performance of psoas muscle density in elderly 
patients undergoing curative surgery for gastric cancer
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Abstract : Background : The proportion of elderly patients within the gastric cancer (GC)-affected population has 
been increasing. Accordingly, there is a pressing need for reliable methods to stratify surgical risk in geriatric 
GC cases. Psoas muscle density (PMD), a parameter indicative of sarcopenia, is readily assessable using standard 
radiological techniques and has been recognized as a prognostic marker in various malignancies. However, its 
clinical significance in GC, particularly among elderly patients, remains inadequately defined. Methods : We ret-
rospectively reviewed 110 patients aged ≥75 years who underwent R0 gastrectomy for GC. The prognostic value 
of preoperative PMD, along with other nutritional indices, was assessed using Cox proportional hazards models. 
Results : Lower PMD was significantly associated with diffuse-type histology and higher incidence of postopera-
tive complications. On univariate Cox regression analysis, PMD was significantly associated with overall surviv-
al. Multivariate analysis confirmed PMD as an independent predictor of overall survival (hazard ratio : 0.57 ; 95% 
confidence interval : 0.35–0.91 per 10-Hounsfield unit increase), along with other nutritional parameters. Con-
clusion : Preoperative PMD was significantly associated with postoperative morbidity and independently pre-
dicted overall survival in elderly GC patients. Incorporating PMD assessment into preoperative evaluation may 
enhance risk stratification and guide perioperative management in this vulnerable population. J. Med. Invest. 
72 : 396-400, August, 2025
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INTRODUCTION
 

Gastric cancer (GC) is the fifth most frequently diagnosed can-
cer worldwide, claiming approximately 660,000 lives annually 
(1). Although GC remains such a major threat on public health, 
its global incidence has gradually declined largely due to the de-
creased prevalence of Helicobacter pylori infection among younger 
populations (2). Consequently, the proportion of elderly GC 
patients has reversely increased at an alarming rate. In Japan, 
of surprise, deaths of individuals with age of 80 years and older 
now account for the highest proportion of fatalities among all age 
groups for GC, representing approximately a half of national GC 
mortality burden (3). This striking demographic shift highlights 
the urgent need for methodologies to quantify surgical risk in 
geriatric GC patients, a priority area of interest to gastrointesti-
nal surgeons and a promising direction for future research.

Sarcopenia, a concept initially advocated by Rosenberg in 
1989 (4), refers to age-related declines in skeletal muscle mass 
and function. It is now established as one of the most reliable 
predictors of clinical outcomes across various malignancies, 
including GC (5). However, objective assessment of sarcopenia 
typically relies on specialized equipment, such as bioelectrical 
impedance analysis or dual-energy X-ray absorptiometry, which 
limit its routine application in daily practice (6).

In contrast, computed tomography (CT) is widely available and 
enables practical evaluation of radiologically defined sarcopenia 
in both primary care and perioperative contexts. Specifically, 

psoas muscle density (PMD) can be quantified using standard 
Picture Archiving and Communication System (PACS), which 
is a universally accessible modality, and does not require addi-
tional software packages. Initially recognized as a prognostic 
marker in colorectal cancer (7, 8), PMD has since gained traction 
in surgical oncology research. However, its prognostic relevance 
in GC remains underexplored, particularly in elderly patients, 
who are disproportionately affected by sarcopenia (9, 10). In 
this study, we aimed to evaluate the value of preoperative PMD 
in predicting clinical outcomes in elderly patients undergoing 
curative surgery for GC. 

PATIENTS AND METHODS
Study population

From our prospectively-registered database, a total of 147 
elderly patients, being aged 75 years or above, who underwent 
surgical gastrectomy with oncological lymphadenectomy for 
GC between August 2010 and October 2024 were identified. Of 
these, 37 were excluded in terms of the reasons as follows : R1/R2 
resection (n = 13), cancer of the remnant stomach (n = 5), concur-
rent malignancies (n = 11), receipt of neoadjuvant chemotherapy 
(n = 1), postoperative follow-up less than three months (n = 1) and 
incomplete preoperative data (n = 6). There were no cases with 
emergency gastrectomy. The final cohort comprised 110 patients.

This study was conducted in line with the requirements of our 
Institutional Ethics Committee (approval number 24-33). It was 
exempt from written informed consent collection because of the 
retrospective design. 

Clinicopathological data
Tumor staging followed the eighth edition manual of the TNM 

classification established by the Union for International Cancer 
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Control (11). Histological subtypes were categorized based on 
Lauren’s criteria into intestinal and diffuse types (12). Postoper-
ative complications were defined as events occurring within 30 
days from surgery and graded as II or higher according to the 
Clavien–Dindo classification system (13).

All patients underwent postoperative surveillance for a mini-
mum of five years or until death from any cause, in accordance 
with the guidelines of the Japanese Gastric Cancer Association 
(14). Follow-up data were obtained through clinical visits or 
telephone interviews. The study’s follow-up period concluded in 
April 2025.

Psoas muscle density and nutritional parameters 
Preoperative CT scan images were available for all cases. 

Muscle density data for each patient were extracted by a single 
observer (M.U.) using the hospital’s standard PACS imag-
ing software (SYNAPSE-PACS, FUJIFILM, Tokyo, Japan). 
Regions of interest were manually drawn around both psoas 
muscles on a CT slice at the level of the third lumbar vertebra, 
where both transverse processes were visible (Fig. 1). The PACS 
software automatically calculated muscle density, expressed 
in Hounsfield units (HU), for each region. The PMD was then 
recorded as the arithmetic mean of the densities from both psoas 
muscles.

In addition to PMD and other clinicopathological factors, the 
preoperative prognostic nutritional index (PNI) and geriatric 
nutritional risk index (GNRI) were evaluated in the study cohort 
as representative indicators of nutritional status (15, 16). The 
following formulas were used : 
●  PNI = [serum albumin level (g / L) + 0.005 × total lympho-

cyte count ( /µL)]
●  GNRI = [1.489 × serum albumin level (g / L) + 41.7 × (present 

weight / ideal weight)]

Statistical analysis
All statistical analyses were performed using JMP Student 

Edition version 18.2.0 (SAS Institute, Cary, NC, USA). All tests 
were two-tailed, and P values < 0.05 were considered indicative 
of statistical significance. Continuous variables were compared 
using the Wilcoxon rank-sum test, while categorical variables 
were analyzed using either the Fisher’s exact test or the chi-
square test, as appropriate.

Overall survival (OS) was defined as the interval from the 
date of surgery to the date of death from any cause. Factors 

associated with OS were initially assessed using univariate Cox 
regression analysis. Subsequently, multivariate Cox proportion-
al hazards models were employed to evaluate the independent 
effects of preoperative PMD, PNI, and GNRI on OS with ad-
justment of known confounders : age at surgery, gender, type of 
gastrectomy, tumor depth (pT), and nodal metastasis (pN) (17).

RESULTS
Associations of preoperative PMD with baseline demographics

The relationship between preoperative PMD and clinicopath-
ological variables are summarized in Table 1. Preoperative 
PMD was significantly correlated with main histology type and 
the occurrence of postoperative complications. Age at surgery, 
dichotomized at 80 years, showed a trend toward statistical sig-
nificance (P = 0.055).

Linear regressions were performed to assess the relationships 
between preoperative PMD and conventional nutritional indica-
tors (PNI and GNRI). A significant, albeit very weak, correlation 
was observed between preoperative PMD and PNI (P = 0.033, R² 
= 0.041). No significant correlation was found between preopera-
tive PMD and GNRI (P = 0.43, R² = 0.006). These findings sug-
gested that the risk of multicollinearity in subsequent analyses 
was likely low.

Survival analyses
Cox regression analyses were conducted for OS, treating pre-

operative PMD, PNI, and GNRI as continuous variables to avoid 
bias introduced by arbitrary cutoff values (18). In univariate 
analysis, preoperative PMD was a significant predictor of OS 
(hazard ratio [HR] 0.61, 95% confidence interval [CI] 0.39–0.98, 
per 10-HU increase ; P = 0.040). Other significant predictors 
included age, gender, type of gastrectomy, pT classification, pN 
classification, postoperative complications, preoperative PNI and 
GNRI (Table 2).

Multivariate analysis confirmed that PMD remained an in-
dependent prognostic factor for OS (HR 0.57, 95% CI 0.35–0.91, 
per 10-HU increase ; P = 0.020) (Model 1) (Table 3). Preopera-
tive PNI and GNRI were also independently associated with 
OS. Even after further adjustment for preoperative PNI and 
GNRI (Model 2), preoperative PMD retained its independent 
prognostic significance (HR 0.52, 95% CI 0.32–0.84, per 10-HU 
increase ; P = 0.007).

Fig 1.　Regions of interest were manually delineated around the psoas muscles on a single axial CT slice 
at the level of the third lumbar vertebra. Muscle density within the selected regions was automatically 
calculated using PACS software (displayed in Japanese).
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Table 1.　Associations between preoperative psoas muscle density 
and clinicopathological factors

Characteristics # Psoas muscle density
(HU) (median, IQR)

P value

Total 110 43.3 (39.4-48.8)

Age at surgery (years)

≤79 50 45.9 (39.5-49.6)
0.055

≥80 60 42.2 (39.2-46.2)

Gender

Male 70 43.3 (38.6-49.2)
0.57

Female 40 43.3 (40.6-48.3)

Main histology

Intestinal 71 44.5 (39.9-49.4)
0.026*

Diffuse 39 42.2 (37.3-45.4)

Type of gastrectomy

Partial 82 43.7 (39.5-48.9)
0.36

Total 28 42.9 (38.8-45.9)

Surgical approach

Open 98 43.1 (39.2-48.6)
0.31

Laparoscopic/robotic 12 46.0 (40.5-49.1)

pT classification

T1 42 43.9 (39.5-48.1)
0.72

T2-4 68 42.8 (38.8-49.1)

pN classification

N0 71 44.1 (39.4-49.2)
0.54

N1-3 39 43.1 (39.2-47.0)

Lymphovascular involvement

Absent 40 44.3 (39.5-48.6)
0.80

Present 70 43.1 (39.1-48.8)

Postoperative chemotherapy

Absent 99 43.0 (39.4-47.8)
0.29

Present 11 45.4 (39.2-50.6)

Postoperative complications

Absent 80 44.1 (39.9-49.2)
0.023*

Present 30 41.3 (35.4-46.3)

HU, Hounsfield unit ; IQR, interquartile range.
*P < 0.05

Table 2.　Univariate Cox regression analyses for overall survival

Characteristics
Overall survival

HR (95% CI) P value

Age at surgery (≥80 years) 2.89 (1.39-5.99) 0.004*

Gender (male) 2.13 (1.04-4.36) 0.040*

Main histology (intestinal) 1.20 (0.62-2.31) 0.60

Type of gastrectomy (total) 2.32 (1.23-4.37) 0.009*

Surgical approach (open) 3.14 (0.43-22.9) 0.26

pT classification (T2-4) 2.60 (1.23-5.49) 0.012*

pN classification (N1-3) 2.31 (1.24-4.31) 0.008*

Lymphovascular involvement (present) 1.87 (0.91-3.84) 0.086

Postoperative chemotherapy (present) 1.44 (0.60-3.46) 0.41

Postoperative complications (present) 2.40 (1.26-4.57) 0.008*

Preoperative PNI (per 10-unit increase) 0.42 (0.26-0.68) < 0.001*

Preoperative GNRI (per 10-unit increase) 0.60 (0.47-0.77) < 0.001*

Preoperative PMD (per 10-HU increase) 0.61 (0.39-0.98) 0.040*

CI, confidence interval ; GNRI, geriatric nutritional risk in-
dex ; HR, hazard ratio ; HU, Hounsfield unit ; PMD, psoas mus-
cle density ; PNI, prognostic nutritional index.
*P < 0.05

Table 3.　Multivariate Cox regression analyses for overall survival

[Model 1]

Adjusted HR (95% CI)† P value

Preoperative PNI (per 10-unit increase) 0.51 (0.30-0.86) 0.010*

Preoperative GNRI (per 10-unit increase) 0.64 (0.49-0.85) 0.002*

Preoperative PMD (per 10-HU increase) 0.57 (0.35-0.91) 0.020*
†Adjusted with age (≥80 years), gender, type of gastrectomy (total), pT classification (T2-4) and pN 
classification (N1-3).

[Model 2]

Adjusted HR (95% CI)† P value

Preoperative PMD (per 10-HU increase) 0.52 (0.32-0.84) 0.007*
†Adjusted with age (≥80 years), gender, type of gastrectomy (total), pT classification (T2-4), pN classifica-
tion (N1-3), preoperative PNI and GNRI.

CI, confidence interval ; GNRI, geriatric nutritional risk index ; HR, hazard ratio ; HU, Hounsfield 
unit ; PMD, psoas muscle density ; PNI, prognostic nutritional index.
*P < 0.05
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DISCUSSION
This study demonstrated that preoperative PMD was inde-

pendently associated with postoperative morbidity and long-term 
survival in elderly patients undergoing curative gastrectomy for 
GC. These findings supported its role as a clinically meaningful 
prognostic marker, complementing established nutritional indi-
cators such as PNI and GNRI.

Evidence from studies across various cancer types, including 
breast, bladder, and prostate carcinomas, has shown that low 
PMD independently predicts unfavorable survival outcomes 
(19-21). With respect to GC, however, only a limited number of 
studies have explored the clinical significance of PMD (9, 10). 
These investigations failed to demonstrate a robust association 
with long-term survival and did not specifically address elderly 
populations, in whom sarcopenia is prevalent and prognostically 
significant (22). Our findings uniquely highlighted the prognos-
tic utility of preoperative PMD in elderly patients with resectable 
GC, underscoring the need for further research in this area.

Although numerous screening tools exist for assessing sarco-
penia, many are impractical in routine clinical settings due to 
reliance on complex questionnaires and detailed anthropometric 
data collection (6). While bioelectrical impedance analysis and 
dual-energy X-ray absorptiometry provide accurate assessments 
of body composition, their clinical utility is limited by the re-
quirement for specialized equipment. In contrast, PMD, quan-
tified via cross-sectional CT, offers a retrospective, and readily 
accessible measure of muscle quality. Unlike the skeletal muscle 
index, which quantifies muscle volume, PMD reflects muscle 
quality and can be assessed using standard imaging systems 
such as PACS, without the need for dedicated software (23).

The use of skeletal muscle radiodensity as a surrogate marker 
for muscle quality is supported by large-scale clinical studies (24, 
25). Lower muscle radiodensity is considered indicative of intra-
muscular adipose infiltration and reduced functional capacity. 
Notably, single-slice cross-sectional areas at the L3 vertebral 
level are strongly correlated with whole-body muscle and adipose 
tissue volumes and have been widely adopted in prior research 
(26). Emerging evidence suggests that muscle quality reflects not 
only nutritional status but also immunological function, reinforc-
ing its clinical relevance (27). These characteristics make PMD 
a promising candidate for integration into multimodal prognos-
tic models that incorporate nutritional markers, performance 
status, and tumor burden to facilitate personalized treatment 
planning. Recognizing sarcopenia in this context may inform 
decisions on surgical candidacy, perioperative optimization, 
and the intensity of adjuvant therapy. Additionally, our findings 
provide a rationale for investigating interventions that preserve 
or enhance muscle quality, such as resistance training, tailored 
prehabilitation, and structured postoperative care (28).

This study has several limitations. First, it was a retrospective 
analysis. Second, all patients were recruited from a single insti-
tution, potentially limiting generalizability. Third, the methodol-
ogy for PMD quantification lacks standardization and requires 
external validation. Nonetheless, our findings provide compel-
ling evidence for PMD’s prognostic value in elderly GC patients 
and support its potential utility in broader clinical practice.

In summary, preoperative PMD was a practical, CT-derived 
biomarker of muscle quality with significant prognostic value in 
elderly patients undergoing curative surgery for GC. Its incorpo-
ration into clinical workflows may enhance patient stratification, 
guide sophisticated decision-making, and contribute to improved 
outcomes in the aging GC population.
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