CANCER DIAGNOSIS & PROGNOSIS 6: 745-754 (2026)
doi: 10.21873/cdp.10575

Possible Sarcopenia and Functional Decline After
Colorectal or Gastric Cancer Surgery

NAOHIRO FURUYA', JUNICHI ANDO", HINATA MURAKAMI', AOI HASHIMOTO", YUKI TAKANO” and DAISUKE SOMA’

'Department of Rehabilitation, Saitama Sekishinkai Hospital, Saitama, Japan;
’Department of Surgery, Saitama Sekishinkai Hospital, Saitama, Japan

Abstract

Background/Aim: While possible sarcopenia may influence short-term outcomes following gastrointestinal cancer
surgery, its relationship with physical function at discharge remains poorly characterized. This study investigated the
association between preoperative possible sarcopenia and functional decline at discharge.

Patients and Methods: This single-center retrospective cohort study included 200 consecutive patients who underwent
elective colorectal or gastric cancer resection at Saitama Sekishinkai Hospital between January 2024 and August 2025.
Possible sarcopenia was defined according to the Asian Working Group for Sarcopenia 2025 (AWGS 2025) criteria.
Functional decline at discharge was defined as a decrease of 21 point in the Short Physical Performance Battery (SPPB)
total score from the preoperative assessment to discharge. Modified Poisson regression was used to estimate relative
risks (RRs) and 95% confidence intervals (Cls).

Results: Of the 200 patients, 54 (27.0%) had possible sarcopenia and 37 (18.5%) showed functional decline at discharge.
Functional decline occurred in 19 of 54 patients (35.2%) with possible sarcopenia and in 18 of 146 patients (12.3%)
without possible sarcopenia. Possible sarcopenia was associated with functional decline in the crude model (RR=2.85,
95%CI=1.59-5.15; p<0.001), after adjustment for age and sex (RR=2.43, 95%CI=1.30-4.57; p=0.006), and after further
adjustment for body mass index, Charlson Comorbidity Index, cancer location, surgical method, and preoperative SPPB
scores (RR=2.15,95%CI=1.09-4.25; p=0.027). Similar results were observed in patients aged 265 years.

Conclusion: Preoperative possible sarcopenia was independently associated with functional decline at discharge after
colorectal or gastric cancer resection. Handgrip strength assessment may be a practical preoperative screening tool
for identifying patients at risk and for planning perioperative rehabilitation or prehabilitation.
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Introduction

The incidence of gastrointestinal cancer is increasing
among older populations. Colorectal cancer is the third
most common cancer, and gastric cancer is the fifth most
common cancer globally (1). Surgical resection is the
primary curative treatment for these solid tumors (2).
Recovery of physical function after abdominal surgery can
be delayed, particularly in patients who develop
postoperative complications (3, 4). The Short Physical
Performance Battery (SPPB) is a validated measure of
lower extremity physical function and is widely used in
older adults and patients with cancers (5, 6). Lower SPPB
scores have been associated with poorer activities of daily
living and worse prognosis (7-9). Therefore, simple
preoperative indicators that can identify patients at risk
of functional decline after surgery are required.

Sarcopenia is characterized by low muscle strength
and reduced skeletal muscle mass (10). Previous studies
have linked sarcopenia to adverse outcomes, such as
postoperative complications, extended hospital stays, and
increased mortality (11, 12). The Asian Working Group
for Sarcopenia 2025 (AWGS 2025) recently updated its
criteria and introduced the concept of “possible
sarcopenia,” which is defined by low muscle strength
alone. Because handgrip strength can be measured
quickly and without specialized equipment, possible
sarcopenia has the potential to serve as a practical
preoperative screening tool.

Previous studies have primarily focused on the
association between sarcopenia defined by low muscle
mass and poor prognosis (11, 12). However, the relationship
between possible sarcopenia, assessed using handgrip
strength measurements, and postoperative physical
function has not been investigated. If this association is
confirmed, handgrip strength assessment could serve as a
convenient tool for preoperative risk stratification.
Therefore, we conducted a single-center retrospective
cohort study to investigate whether preoperative possible
sarcopenia, defined by the AWGS 2025 criteria, is associated
with functional decline at discharge in patients undergoing

elective colorectal or gastric cancer resection. We
hypothesized that patients with possible sarcopenia would
have a higher risk of functional decline, as measured using
the SPPB, at discharge.

Patients and Methods

Study design and patients. We present the results of this
single-center, retrospective observational study conducted
at the Saitama Sekishinkai Hospital, a 470-bed acute-care
facility. We included consecutive patients admitted between
January 2024 and August 2025 who underwent elective
primary resection for colorectal or gastric cancer and were
discharged after perioperative rehabilitation. The study
was approved by the Institutional Review Board (Approval
No. 2025-66) and conducted in accordance with the
Declaration of Helsinki. Written informed consent was
waived owing to the retrospective design. All physical
assessments, including handgrip strength and SPPB, were
part of routine clinical care under the standardized
perioperative clinical pathway at our institution and were
not performed specifically for this study. Reporting
followed the STROBE statement (13).

Perioperative management and rehabilitation. No
structured outpatient or inpatient prehabilitation
programs were in place during the study period. Patients
were excluded if they lacked preoperative or perioperative
rehabilitation records, died during the hospital stay, or had
missing data. Early mobilization began on postoperative
day 1, and oral intake was initiated on postoperative day 2,
following the standardized clinical pathway. Perioperative
rehabilitation was standardized in the clinical pathway
from September 2024 onward. Rehabilitation was provided
by a physical therapist and/or occupational therapist and
included muscle strengthening, gait training, and cycle
ergometry, with the program adjusted to each patient’s
condition until discharge.

Definition of possible sarcopenia. Possible sarcopenia was
defined based on handgrip strength according to the
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AWGS 2025 criteria. The cutoff values were <28 kg for
men aged 265 years, <34 kg for men aged <65 years, <18
kg for women aged 265 years, and <20 kg for women aged
<65 years (10). Participants were classified into groups
with and without possible sarcopenia.

Outcome measure. Physical function was assessed using
the SPPB. The primary outcome was functional decline at
discharge, defined as a 21-point decrease in SPPB sum
score between the preoperative assessment and
discharge, in line with the substantial meaningful change
reported by Perera et al. (14). Preoperative SPPB was
measured during the preoperative waiting period after
admission, and discharge SPPB was assessed within three
days before discharge, including the day of discharge. Gait
speed was measured over a 4-m timed section within a
6-m walkway; the five-times chair-stand test was
performed using a 42-cm armless chair; and balance was
assessed in side-by-side, semi-tandem, and tandem
stances for up to 10 s each.

Data collection. Data extracted from electronic medical
records included age, sex, body mass index (BMI), Charlson
Comorbidity Index (CCI) (15, 16), tumor location
(colorectal or gastric), pathological stage (stage III or
higher vs.lower), preoperative treatment, surgical method
(open vs. minimally invasive), duration of surgery, blood
loss, margin status, postoperative analgesia (patient-
controlled epidural analgesia or intravenous patient-
controlled analgesia), postoperative day 1 laboratory
values (serum albumin, C-reactive protein, white blood cell
count, and hemoglobin) (17-19), postoperative intensive
care unit admission, postoperative complications
(occurrence and severity), Eastern Cooperative Oncology
Group Performance Status (ECOG PS) 22 (20), preoperative
calf circumference and handgrip strength, pre- and
discharge SPPB scores, duration and frequency of
postoperative rehabilitation, postoperative day of first gait
exercise, and postoperative initial oral intake, and
postoperative length of hospital stay (PLOS). Postoperative
complications were graded according to the Clavien-Dindo

classification (21). Complications of Grade Il or higher were
considered clinically relevant, whereas those of Grade III
or higher were considered severe. Handgrip strength and
calf circumference were recorded as the higher value from
either side.

Statistical analysis. Continuous variables are expressed as
medians (interquartile range; IQR) and categorical
variables as counts (percentages). Because functional
decline was relatively common in our cohort, we used
modified Poisson regression with robust error variance
to directly estimate relative risks (RR), avoiding the
overestimation that occurs when odds ratios are used as
a common outcome (22).

We built several models to examine the association
between possible sarcopenia and functional decline at
discharge; RR and 95 % confidence intervals (95%CI)
were calculated for each. The crude model was a
univariate modified Poisson regression. Model 1 was
adjusted for age and sex. Model 2 additionally included
BMI, CCI, cancer location, surgical method, and
preoperative SPPB scores. Model 3 was an exploratory
model that further added postoperative complications
classified by the Clavien-Dindo classification and PLOS to
Model 2. Covariates were chosen beforehand on the basis
of clinical reasoning and earlier reports (3, 4, 18, 19, 23).

For sensitivity analysis, the crude and multivariate
models were re-run in a subgroup of patients aged 265
years, given their higher susceptibility to geriatric
syndromes. Analyses were performed using R (version
4.5.2; R Foundation for Statistical Computing, Vienna,
Austria), with a two-sided p<0.05 considered statistically
significant.

Results

Ofthe 317 patients who met the eligibility criteria during
the study period, 200 were included in the analysis. A total
of 117 patients were excluded for the following reasons:
44 had no preoperative rehabilitation, 35 had no
perioperative rehabilitation, 35 had missing data, and 3
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Figure 1. Flow diagram of patients with and without possible sarcopenia.

died during the hospital stay. Among these 200 patients,
54 (27.0%) had possible sarcopenia. Functional decline
atdischarge was observed in 37 patients (18.5%). Figure
1 shows the flow diagram.

The baseline characteristics of the study population
are shown in Table I. The median age of the entire cohort
was 77.0 years (IQR=69.8-83.0), 127 patients (63.5%)
were male, and the median BMI was 21.7 kg/m2
(IQR=19.4-24.0). Colorectal cancer accounted for 166
patients (83.0%) and gastric cancer for 34 patients
(17.0%). Minimally invasive surgery was performed in
181 patients (90.5%).

Compared with patients without possible sarcopenia,
those with possible sarcopenia were older (median, 81.5 vs.
75.0 years; p<0.001), had a lower BMI (20.0 vs. 22.1 kg/m?;
p<0.001), and had a lower preoperative SPPB scores (11.0
vs. 12.0 points; p<0.001). Postoperative day 1 serum
albumin (2.9 vs. 3.1 g/dl; p=0.001) and hemoglobin (10.1

vs.11.0 g/dl; p=0.001) levels were also lower in the possible
sarcopenia group. The proportion of patients with ECOG PS
=2 was higher in the possible sarcopenia group (11.1% vs.
2.1%; p=0.018). Despite receiving longer daily
rehabilitation sessions (26.3 vs. 22.5 min; p=0.003), the
possible sarcopenia group had a higher rate of functional
decline at discharge (35.2% vs. 12.3%; p<0.001). There was
no significant difference in the incidence of postoperative
complications between the two groups (p=0.170).

Table II shows the incidences and severities of
postoperative complications. In the group without
possible sarcopenia, five patients had more than one
postoperative complication each.

Table 1II shows the results of the modified Poisson
regression for the entire cohort. Across all models, possible
sarcopenia was significantly associated with functional
decline at discharge: crude model (RR=2.85, 95%CI=1.59-
5.15; p<0.001), Model 1 (RR=2.43, 95%CI=1.30-4.57;
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Table 1. Patient characteristics.

Variables Overall Possible sarcopenia Without possible sarcopenia  p-Value
(n=200) (n=54) (n=146)
Age, years 77.0 (69.8-83.0) 81.5 (76.3-85.0) 75.0 (68.3-81.0) <0.001
Male 127 (63.5) 30 (55.6) 97 (66.4) 0.210
BM], kg/m? 21.7 (19.4-24.0) 20.0 (18.4-21.8) 22.1(20.5-24.5) <0.001
CCI 1(0-2) 1(0-3) 1(0-2) 0.015
Colorectal 166 (83.0) 46 (85.2) 120 (82.2) 0.773
pStage 2111 78 (39.0) 26 (48.1) 52 (35.6) 0.147
Preoperative treatment 0.766
No treatment 182 (91.0) 48 (88.9) 134 (91.8)
Chemotherapy 11 (5.5) 4(74) 7 (4.8)
Endoscopic 7 (3.5) 2(3.7) 5(3.4)
Intraoperative factors
Open 19 (9.5) 8(14.8) 11 (7.5) 0.198
Duration of surgery, minutes 236.0 (193.5-306.0) 245.0 (206.8-306.8) 232.5(189.3-304.3) 0.234
Blood loss, ml 20.0 (0-80.0) 45.0(0.0-118.8) 20.0 (0.0-75.0) 0.066
Positive surgical margins 3(1.5) 3(5.6) 0(0.0) 0.027
PCEA 180 (90.0) 47 (87.0) 133 (91.1) 0.559
Postoperative laboratory data
Alb, g/dl 3.0 (2.8-3.3) 2.9(2.6-3.1) 3.1(2.8-3.3) 0.001
CRP, mg/dl 5.5(3.7-7.4) 5.4(3.7-7.1) 5.5(3.7-7.6) 0.838
WBC, x103/pl 8,250.0 (7,207.0-10,787.5) 8,215.0(7,337.5-10,257.5)  8,315.0(7,192.5-10,840.0) 0.736
Hb, g/dl 10.8 (9.9-11.9) 10.1(9.2-11.2) 11.0 (10.1-12.0) 0.001
Perioperative factors
Postoperative ICU admission 3(1.5) 1(1.9) 2(1.4) 1.000
Initial oral intake, days 2.0 (2.0-2.0) 2.0 (2.0-2.0) 2.0 (2.0-2.0) 0.974
Postoperative day of first gait exercise, day 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 0.007
Postoperative complications 0.170
No complications 165 (82.5) 49 (90.7) 116 (79.5)
CD Grade II 26 (13.0) 4(7.4) 22 (15.1)
Severe Complication CD Grade =111 9 (4.5) 1(1.9) 8(5.5)
Preoperative functional status
ECOG PS 22 9 (4.5) 6(11.1) 3(2.1) 0.018
Pre-operative SPPB sum score, points 12.0 (11.0-12.0) 11.0 (9.0-12.0) 12.0(11.3-12.0) <0.001
Discharge SPPB sum score, points 12.0 (11.0-12.0) 11.0 (9.0-12.0) 12.0(12.0-12.0) <0.001
Preoperative handgrip strength, kg 28.8(21.2-35.4) 17.7 (15.5-25.1) 32.6 (24.8-38.9) <0.001
Calf circumference, cm 33.5(31.5-36.0) 31.3(29.0-33.6) 34.5(32.1-36.9) <0.001
Rehabilitation intervention factors
Daily rehabilitation duration, min 22.6 (20.0-27.5) 26.3(21.6-29.9) 22.5(20.0-25.7) 0.003
Weekly rehabilitation frequency 5.3 (4.7-5.6) 5.3 (4.7-5.8) 5.1(4.6-5.4) 0.140
PLOS, day 11.0 (8.0-14.0) 12.0 (9.0-14.0) 10.0 (8.0-13.0) 0.287
Functional decline at discharge 37 (18.5) 19 (35.2) 18(12.3) <0.001

Continuous variables were reported median (interquartile range), and categorical variables were reported number (%). Alb: Albumin; BMI: body
mass index; CCI: Charlson Comorbidity Index; CD: Clavien-Dindo classification; CRP: C-reactive protein; Hb: hemoglobin; ICU: intensive care unit;
PLOS: postoperative length of stay; ECOG PS: Eastern Cooperative Oncology Group Performance Status; SPPB: Short Physical Performance Battery;

WBC: white blood cell.

p=0.006), Model 2 (RR=2.15, 95%CI=1.09-4.25; p=0.027),

and Model 3 (RR=2.44, 95%Cl=1.23-4.87; p=0.011).

Table IV shows the sensitivity analysis using the
modified Poisson regression for patients aged 265 years.
As in the main analysis, possible sarcopenia was

significantly associated with functional decline at discharge
across all models: crude model (RR=3.05, 95%CI=1.68-
5.61; p<0.001), Model 1 (RR=2.67, 95%CI=1.40-5.15;
p=0.003), Model 2 (RR=2.64, 95%CI=1.29-5.51; p=0.009),
and Model 3 (RR=2.96, 95%CI=1.42-6.33; p=0.005).
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Table I1. Postoperative complication incidence and severity.

Possible Without possible
sarcopenia with sarcopenia with
complications  complications
(n=5) (n=30)

Grade II

Abdominal abscess
Anastomotic leakage
Ascites

Bowel obstruction
Chylous ascites
Delayed gastric emptying
Ileus

Intra-abdominal hemorrhage
Pancreatic fistula
Postoperative bleeding
Pneumonia

Residual urine
Surgical-site infection
Urinary retention
Grade Illa

Abdominal abscess
Anastomotic leakage
Anastomotic stricture
Ileus

Pancreatic fistula
Urinary retention
Grade I1Ib
Anastomotic leakage
Grade IVa

Respiratory failure

[ e = W S S JU RN

[SEN VRSN

N

Discussion

In this study, preoperative possible sarcopenia as defined by
the AWGS 2025 criteria was associated with functional
decline at discharge in patients undergoing surgery for
colorectal or gastric cancer. This association remained after
adjusting for demographic and clinical variables, and similar
results were observed in patients aged 265 years. These
findings suggest thatlow preoperative muscle strength may
be associated with poorer short-term recovery of physical
function after gastrointestinal cancer surgery.

A key strength of this study is that possible sarcopenia,
as assessed using the AWGS2025 criteria, can be readily
implemented in clinical practice as a simple screening tool
for risk stratification of potential declines in physical function

at discharge. In addition, the use of modified Poisson
regression, which directly estimates relative risks without
the overestimation inherentin odds ratios when the outcome
is common, enables straightforward interpretation.
Furthermore, this study used an analytical model that
included not only confounding factors but also the
postoperative course, demonstrating that possible
sarcopenia is associated with decreased physical function at
discharge, independent of the occurrence of postoperative
complications.

Notably, this association persisted after adjusting for
the preoperative SPPB scores. These findings suggest that
possible sarcopenia is not merely a proxy for poor
baseline lower extremity function. In other words, even
when two patients have comparable preoperative SPPB
scores, the patient with low handgrip strength appears
more susceptible to the effects of surgical stress and the
period of reduced activity that follows and may therefore
be slower to recover physical function at discharge.

Handgrip strength, used in the assessment of possible
sarcopenia, is regarded as a marker of overall muscle
strength, muscle mass, nutritional status, and physical
reserve, and has been described as a “sixth vital sign” (24-
28). Previous studies have shown that low handgrip
strength is associated with postoperative complications
and short-term mortality after gastrointestinal cancer
surgery (11, 12, 29). However, these studies primarily
examined the relationship between handgrip strength and
complications or mortality and did not assess postoperative
changes in physical function. Our results add to this
literature by demonstrating an association between low
preoperative handgrip strength, defined as possible
sarcopenia according to the AWGS 2025 criteria, and
functional decline at discharge as measured using the SPPB.

In particular, in our cohort, postoperative complications
were not more frequent in the possible sarcopenia group.
This suggests that the functional decline associated with
possible sarcopenia may not be mediated by the occurrence
of postoperative complications. Even in the exploratory
model with additional adjustments for postoperative
complications and length of hospital stay, this association
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Table I11. The association between possible sarcopenia and functional decline at discharge.

Variables Crude model? p-Value Adjusted model 1° p-Value Adjusted model 2¢ p-Value Adjusted model 3¢ p-Value
RR (95%CI) RR (95%CI) RR (95%CI) RR (95%CI)
Possible sacropenia  2.85(1.59-5.15) <0.001* 2.43(1.30-4.57)  0.006*  2.15(1.09-4.25) 0.027*  2.44(1.23-487) 0.011*

The results of modified Poisson regression analysis are shown for the risk factor of functional decline at discharge. *Statistically significant difference
(p<0.05). *Crude model univariate analysis. "Adjusted model 1 adjusted for age and sex. ‘Adjusted model 2 adjusted for age, sex, BMI, CCI, cancer
location, surgical method, and preoperative SPPB scores. “Adjusted model 3 adjusted for age, sex, BMI, CCI, cancer location, surgical method,
preoperative SPPB scores, CD, and postoperative length of stay. BMI: Body mass index; CCI: Charlson Comorbidity Index; CD: Clavien-Dindo
classification; CI: confidence interval; RR: relative risk; SPPB: Short Physical Performance Battery.

Table IV. Sensitivity analysis of association between possible sarcopenia and functional decline in patients aged 265 years at discharge.

Variables Crude model? p-Value Adjusted model 1° p-Value Adjusted model 2¢ p-Value Adjusted model 3¢ p-Value
RR (95%CI) RR (95%CI) RR (95%CI) RR (95%CI)
Possible sacropenia  3.05(1.68-5.61) <0.001* 2.67 (1.40-5.15)  0.003*  2.64(1.29-5.51) 0.009* 2.96(1.42-6.33)  0.005*

The results of modified Poisson regression analysis are shown for the risk factor of functional decline at discharge. *Statistically significant difference
(p<0.05). *Crude model univariate analysis. YAdjusted model 1 adjusted for age and sex. ‘Adjusted model 2 adjusted for age, sex, BMI, CCI, cancer
location, surgical method, and preoperative SPPB scores. ‘Adjusted model 3 adjusted for age, sex, BMI, CCI, cancer location, surgical method,
preoperative SPPB scores, CD, and postoperative length of stay. BMI: Body mass index; CCI: Charlson Comorbidity Index; CD: Clavien-Dindo
classification; CI: confidence interval; RR: relative risk; SPPB: Short Physical Performance Battery.

remained significant. These findings indicate that possible
sarcopenia, as reflected by low preoperative handgrip
strength, may represent reduced physiological reserve,
making these patients more vulnerable to postoperative
disuse-related muscle wasting and, consequently, delayed
recovery of physical function (30, 31).

From a clinical perspective, possible sarcopenia can be
easily assessed using handgrip strength, which requires
minimal equipment and can be quickly performed in routine
preoperative settings. Our findings suggest that preoperative
screening for possible sarcopenia may be a practical approach
foridentifying patients ata higher risk of short-term functional
decline. Patients with low handgrip strength may benefit from
closer postoperative monitoring and consideration of
perioperative rehabilitation or prehabilitation (32, 33).

Study limitations. First, it is a single-center retrospective
observational study, and the number of outcome events
was relatively small, resulting in wide confidence intervals

in the multivariable analyses. In addition, we could not
adjust for nutritional status or physical activity, both of
which have been associated with physical function in
previous studies (18). Malnutrition and decreased activity
levels are more likely to occur in the possible sarcopenia
group. These unmeasured confounders are more likely to
be present in the possible sarcopenia group and may have
biased the association away from the null, potentially
leading to an overestimation of the true effect. Larger
multicenter studies are needed to confirm these findings,
improve the precision of the estimates, and address
unmeasured preoperative confounding factors. Second,
117 patients were excluded, mainly because they had been
admitted before the standardized clinical pathway was fully
implemented. During that earlier period, rehabilitation was
prescribed at the discretion of the attending physician
rather than according to a universal protocol. Consequently,
many excluded patients may have had better baseline
function and may not have been referred for rehabilitation.
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The analyzed cohort may therefore represent a population
with relatively greater clinical needs, potentially
overestimating the prevalence of possible sarcopenia and
the incidence of functional decline compared with the
broader surgical population. Third, the amount and
intensity of physical activity and the specific components
of rehabilitation were not measured. In particular, a scoping
review by Monticone et al. reported that physical activity
intensity is often under-recorded in studies of perioperative
rehabilitation after gastric cancer surgery (34). Future
studies should examine how postoperative physical activity
level and intensity relate to recovery using objective
measures, such as activity monitors. Fourth, many patients
in the without possible sarcopenia group scored the
maximum of 12 points on the SPPB. This likely reflects a
ceiling effectinherentin the SPPB scoring system. Because
of this ceiling effect, there may have been limitations in
detecting functional decline. Future studies might consider
supplementing the SPPB with measures that use
continuous scales, such as the 6-minute walk test or the
incremental shuttle walk test, to mitigate the ceiling effect.

Despite these limitations, our study has notable
strengths, including the application of the AWGS 2025
criteria, use of the SPPB as a validated and objective
outcome measure, and a sequential adjustment strategy
that demonstrated the robustness of the association across
several models.

Conclusion

Preoperative possible sarcopenia is associated with
functional decline at discharge after colorectal or gastric
cancer surgery. Measuring handgrip strength before
surgery may help identify patients at risk of poor short-
term functional recovery and inform perioperative
rehabilitation planning.
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