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Abstract
Purpose  Postoperative complications and mortality following cholecystectomy persist despite the procedural simplicity. We 
utilized a nationwide administrative database from Taiwan and conducted propensity score matching (PSM) to investigate 
the association between sarcopenia and major postoperative complications.
Patients and methods  This retrospective cohort study analyzed data from the Taiwan National Health Insurance Research 
Database from 2016 to 2020. Patients who underwent elective cholecystectomy under general anesthesia for gallstone disease 
were included. They were categorized into two groups: those with sarcopenia and those without. The cohorts were matched 
at a 1:4 ratio using PSM.
Results  PSM yielded a final cohort of 13,330 surgical patients (10,664 without sarcopenia and 2666 with sarcopenia). Mul-
tivariate logistic regression demonstrated that sarcopenia was significantly associated with higher 30 day mortality (adjusted 
odds ratio [aOR] = 2.26, 95% confidence interval [CI] 1.61–3.18) and major complications, including acute renal failure 
(aOR = 1.71, 95% CI 1.02–2.84), pneumonia (aOR = 1.68, 95% CI 1.22–2.31), stroke (aOR = 1.13, 95% CI 1.06–1.57), and 
overall complications (aOR = 1.23, 95% CI 1.07–1.41). Sarcopenia also increased the risk of 90-day mortality (aOR = 2.09, 
95% CI 1.58–2.76) and 90-day major complications, including acute renal failure (aOR = 1.61, 95% CI 1.01–2.56), pneu-
monia (aOR = 1.70, 95% CI 1.30–2.21), stroke (aOR = 1.28, 95% CI 1.04–1.58), and overall complications (aOR = 1.24, 
95% CI 1.09–1.41).
Conclusions  We found that sarcopenia is an independent risk factor for increased postoperative complications and mortal-
ity following cholecystectomy. These findings highlight the importance of preoperative sarcopenia assessment to improve 
surgical outcomes.
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Introduction

Sarcopenia is a complex syndrome defined by progressive 
and generalized loss of skeletal muscle mass and strength 
[1, 2]. Sarcopenia is a multifactorial disease caused by low 
levels of physical activity and calorie intake, a progressive 
increase in fibrosis, altered muscle metabolism, chronic 
inflammation, oxidative stress, and the degeneration of 
neuromuscular junctions [3–6]. Preexisting sarcopenia is 
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an independent risk factor for mortality, nephropathy, and 
cancer following treatment [7–10]. Results from a meta-
analysis indicated that sarcopenia significantly increased the 
risk of major complications, 30-day mortality, and length of 
hospital stay following gastrointestinal oncological surgery 
[11]. However, the association between sarcopenia and post-
operative adverse outcomes remains controversial [11–14], 
especially in cases of cholecystectomy for gallstone disease.

Gallstone disease is a very common disease of the 
digestive system that affects up to 20% of adults, 20% of 
whom develop complications and need surgery [15–17]. 
Cholecystectomy is one of the most common general 
surgical procedures performed worldwide [15–17]. 
Postoperative complications and mortality following 
cholecystectomy persist despite the straightforwardness 
of the procedure. In population-based studies, the risk of 
mortality following cholecystectomy for gallstone disease 
was estimated to be 0.1%–0.7% [18]. Mortality rates were 
not substantially affected by the conversion of laparoscopic 
to open cholecystectomy [18]. Major postoperative 
complications following cholecystectomy can be life 
threatening [17, 19–26]. Postoperative complications of 
cholecystectomy include bile duct injury, biliary leak, 
strictures, bleeding, deep wound infection, septicemia, 
retained gallstones, postcholecystectomy syndrome, stroke, 
and acute kidney injury [17, 25, 26]. Dudanov et al. found 
that the incidence rates of postoperative complications and 
mortality in elderly patients undergoing cholecystectomy 
were 5.2% and 4.1%, respectively [27]. Nevertheless, the 
association between sarcopenia and major postoperative 
complications following cholecystectomy remains unclear. 
Cholecystectomy has a 30-day mortality rate of less than 
1% in the general population and is not considered to be a 
high-risk surgical procedure [18, 28, 29]. Previous studies 
have noted relatively high incidences of major postoperative 
complications following cholecystectomy in patients with 
sarcopenia [11–14].

To adequately evaluate the risk–benefit ratio of elective 
cholecystectomy for gallstone disease for patients with 
sarcopenia, the association between sarcopenia and major 
postoperative complications following cholecystectomy 
must be understood.

Patients and methods

Data sources

Data were obtained from the National Health Insurance 
Research Database (NHIRD) of Taiwan from January 2016 
to December 2019. The follow-up period was from the 
index date (the date of surgery) to December 31, 2020 [7, 9, 
10, 30, 31]. All datasets can be interlinked through patient 

identification numbers. The study protocols were reviewed 
and approved by the Institutional Review Board of Tzu-Chi 
Medical Foundation (IRB109-015-B).

Participant selection

In total, 57,659 patients aged ≥ 20 years who underwent 
elective cholecystectomy with general anesthesia for 
gallstone disease in Taiwan between 2016 and 2019 were 
included in our study. Among these, 2666 patients had a 
diagnosis of sarcopenia, and 54,993 patients did not have 
a diagnosis of sarcopenia (Supplementary Table 1). To 
ensure a homogeneous study population and minimize 
confounding, we applied the following exclusion criteria: 
patients who had concurrent major surgeries, had a history 
of malignancies (ICD-10-CM: C00-C97), had missing 
key medical data (e.g., ASA score or hospital type), had 
previously undergone cholecystectomy, had end-stage renal 
disease requiring dialysis (ICD-10-CM: N18.6, Z99.2), or 
died intraoperatively. A detailed depiction of the patient 
selection process is provided in Supplementary Fig. 1.

In 2016, the US Centers for Disease Control and 
Prevention formally recognized sarcopenia as a disease, 
coding it as M62.84 in ICD-10-CM.[32] In our study, 
sarcopenia was defined according to the 2016 and later 
versions of ICD-10-CM.[7] Patients had sarcopenia if 
they had at least two claims with a principal diagnosis of 
sarcopenia within the 12-month period prior to surgery. 
In Taiwan, sarcopenia (ICD-10-CM M62.84) is typically 
diagnosed by specialists in geriatrics, rehabilitation 
medicine, or endocrinology based on muscle mass, 
strength, and function. Perioperative assessment often 
includes Skeletal Muscle Mass Index (SMI) via computed 
tomography (CT) at the L3 vertebral level, dual-energy 
X-ray absorptiometry (DXA), bioelectrical impedance 
analysis (BIA), handgrip strength, and gait speed, 
following Asian Working Group for Sarcopenia (AWGS) 
guidelines [33–35]. Preoperative frailty screening also aids 
in identifying sarcopenia to assess surgical risk. However, 
systematic screening is not universally implemented, and 
coding accuracy depends on physician awareness and 
hospital documentation practices.

Propensity score matching and covariate analysis

To reduce the effects of potential confounders when 
comparing postoperative adverse outcomes between 
patients with sarcopenia and patients without sarcope-
nia, all patients were matched using propensity scores 
based on the following variables: age, sex, surgical pro-
cedure (laparoscopic cholecystectomy or open cholecys-
tectomy), comorbidities, hospital type, and American 
Society of Anesthesiologists (ASA) physical status score 
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(Table 1). In Taiwan, hospitals are classified as medical 
centers, regional hospitals, and district hospitals/clinics. 
Medical centers offer the highest level of care, while non-
medical centers (regional/district hospitals, clinics) pro-
vide essential services with fewer resources for complex 

surgeries. Given these differences, hospital classifica-
tion was included as a covariate to account for its impact 
on surgical outcomes. Comorbidities were determined 
according to the ICD-9-CM or ICD-10-CM codes used 
in the main diagnosis for an inpatient visit or for an out-
patient visit if the number of visits was ≥ 2 within 1 year. 
Comorbidities that presented up to 2 years before the index 
date were recorded. Given the relatively low prevalence of 
sarcopenia in our surgical cohort and the low incidence of 
postoperative complications and mortality, a 1:4 matching 
ratio is generally recommended to minimize bias while 
maximizing sample size [36]. Prior studies have demon-
strated that one-to-k matching (k > 1) enhances efficiency 
without introducing substantial bias in large observational 
datasets [36, 37]. We matched the cohorts at a ratio of 1:4 
using the greedy matching method, and covariates were 
matched using propensity scores within a caliper width 
of 0.2 [38]. To reduce potential confounding, we adjusted 
for clinically relevant variables associated with both sar-
copenia and surgical outcomes. These included demo-
graphic characteristics (age, sex), comorbidities (diabetes, 
chronic kidney disease, hypertension, cardiovascular dis-
eases, COPD, and stroke), surgical factors (laparoscopic 
vs. open cholecystectomy), hospital type (medical center 
vs. nonmedical center), and ASA physical status score. 
These factors were selected based on established literature 
and their impact on postoperative morbidity and mortality 
(Table 1). To ensure model robustness, variance inflation 
factor (VIF) analysis was performed to assess collinear-
ity [39]. However, recognizing that VIF does not address 
confounding, covariates were chosen based on clinical sig-
nificance rather than automated statistical selection alone. 
After adjustment for confounders, a multivariate logistic 
regression model was used to compare 30 day and 90 day 
postoperative complications between patients with and 
without sarcopenia.

In this study, continuous variables are presented as 
mean ± standard deviation, where appropriate. Matching 
is a common technique used for selecting controls with 
identical background covariates as study participants 
so as to minimize differences among study participants 
that prior research has indicated are necessary to control 
[19–24]. A multivariate logistic regression model was used 
to regress postoperative complication-related variables 
in surgical patients with and without sarcopenia [40]. 
Multivariate logistic regression analysis was performed to 
calculate odds ratios (ORs) with 95% confidence intervals 
(CIs) to determine whether sarcopenia is a potential 
independent predictor for 30-day or 90-day postoperative 
complications.

Table 1   Characteristics of propensity score-matched patients with 
and without sarcopenia undergoing cholecystectomy

ASA American Society of Anesthesiology, SD standard deviation, y 
years, N Number, COPD chronic obstructive pulmonary disease, 
SMD standardized mean difference

Without 
Sarcopenia

With 
Sarcopenia

N = 10,664 N = 2,666 SMD

N % N %

Age groups 0.000
20 y < Age ≤ 30 y 692 6.49% 173 6.49%
30 y < Age ≤ 40 y 1208 11.33% 302 11.33%
40 y < Age ≤ 50 y 1916 17.97% 479 17.97%
50 y < Age ≤ 60 y 2508 23.52% 627 23.52%
60 y < Age ≤ 70 y 2028 19.02% 507 19.02%
Age > 70 y 2312 21.68% 578 21.68%
Sex 0.000
Female 5176 48.54% 1294 48.54%
Male 5488 51.46% 1372 51.46%
Surgical procedure 0.000
Laparoscopic 

cholecystectomy
9280 87.02% 2320 87.02%

Open cholecystectomy 1384 12.98% 346 12.98%
Comorbidities
Hypertension 3101 29.08% 954 35.78% 0.144
COPD 1249 11.71% 436 16.35% 0.134
Rheumatoid arthritis 169 1.58% 68 2.55% 0.068
Diabetes 1526 14.31% 468 17.55% 0.089
Hyperlipidemia 1816 17.03% 660 24.76% 0.191
Osteoporosis 517 4.85% 165 6.19% 0.059
Stroke 744 6.98% 250 9.38% 0.088
Dementia 119 1.11% 30 1.12% 0.001
Congestive heart failure 299 2.8% 109 4.09% 0.070
Peripheral vascular disease 112 1.05% 60 2.25% 0.094
Hypothyroidism 82 0.77% 36 1.35% 0.057
Myocardial infarction 55 0.52% 11 0.41% 0.015
Acute renal failure 42 0.39% 16 0.60% 0.029
Hospital type 0.000
Medical center 6532 61.25% 1633 61.25%
Nonmedical center 4132 38.75% 1033 38.75%
ASA physical status score 0.000
I 3524 33.05% 881 33.05%
II 1764 16.54% 441 16.54%
III 4732 44.37% 1183 44.37%
IV 644 6.04% 161 6.04%
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Outcome measures

Patients were monitored for the following eight major 
postoperative complications: acute myocardial infarction, 
acute renal failure, deep wound infection, pneumonia, 
bleeding, pulmonary embolism, septicemia, and stroke 
[19–24]. These complications and institutional mortality 
within 30  days of surgery were the primary outcomes 
of the study [19–24]. All ICD-10-CM codes used for 
defining sarcopenia, comorbidities, and postoperative 
complications are provided in Supplementary Table  2 
to ensure reproducibility. Ninety-day mortality has been 
suggested to be a more appropriate indicator of quality 
than 30-day mortality, particularly after digestive surgery 
[41–45]. Therefore, 90 day postoperative complications and 
institutional mortality were the secondary outcomes in our 
study. Patients who died after the 90th day of hospitalization 
were counted as alive, and patients who died within 90 days 
but outside of the hospital were not included in the mortality 
outcome.

Data analysis

We used Chi-square tests to analyze demographic parameters 
and comorbidities in a comparison of postoperative 
complications and mortality following cholecystectomy 
among patients with and without sarcopenia. Continuous 
variables were analyzed using t tests to compare the 
differences between patients with and without sarcopenia. 
The adjusted ORs (aOR) with 95% CIs for 30 day and 
90 day postoperative complications and mortality following 
cholecystectomy between patients with and without 
sarcopenia were analyzed through multivariate logistic 
regression by adjusting for covariates in Table 1.

Kaplan–Meier survival curves were constructed to 
estimate cumulative postoperative mortality, and the log-
rank test was performed to compare survival distributions 
between the sarcopenia and non-sarcopenia groups. 
This time-to-event analysis accounted for differences in 
postoperative survival while incorporating censoring.

Data analyses were performed using SAS software V 
9.4 (SAS Institute, Cary, NC, USA). Differences between 
groups were considered significant if two-sided P values 
were < 0.05.

Results

Study cohort

We included a final cohort of 13,330 surgical patients 
(10,664 patients without sarcopenia and 2666 patients with 
sarcopenia) who were eligible for further analysis; their 

characteristics are shown in Table 1. Furthermore, after 
PSM, the between-group differences in all covariates were 
nonsignificant. The confounding factors (before matching) in 
patients with sarcopenia significantly differed from those in 
the patients without sarcopenia (P < 0.001; Supplementary 
Table 1). Patients with sarcopenia tended to be older, were 
more likely to be female, were more likely to undergo 
laparoscopic cholecystectomy, had more comorbidities, 
were more likely to have their cholecystectomy performed 
in a medical center, and were more likely to have an ASA 
physical status score of III–IV than patients without 
sarcopenia (Supplementary Table 1).

30 day or 90 day postoperative adverse outcomes

As shown in Table 2, patients with sarcopenia had higher 
incidence rates of 30-day postoperative complications, 
including acute renal failure (0.86% vs. 0.46%, P = 0.011), 
pneumonia (2.18% vs. 1.22%, P < 0.001), stroke (3.90% 
vs. 2.80%, P = 0.003), and overall complications (12.60% 
vs. 10.02%, P < 0.001). The 30-day mortality rates for 
patients with and without sarcopenia were 2.14% and 
0.74%, respectively (P < 0.001). Moreover, patients 
with sarcopenia had higher incidence rates of 90-day 
postoperative complications, including acute renal failure 
(1.01% vs. 0.57%, P = 0.012), pneumonia (3.23% vs. 1.81%, 
P < 0.001), stroke (5.18% vs. 3.66%, P < 0.001), and overall 
complications (15.00% vs. 11.90%, P < 0.001). The 90-day 
mortality rates for patients with and without sarcopenia were 
3.11% and 1.12%, respectively (P < 0.0001).

Adjusted ORs and 95% CIs for 30‑day or 90‑day 
postoperative adverse outcomes

As shown in Table 3, after adjusting for age, sex, surgical 
procedure, comorbidities, hospital type, and ASA 
physical status score, our multivariate logistic regression 
analyses demonstrated that patients with sarcopenia had a 
significantly higher risk of 30-day mortality (aOR = 2.26, 
95% CI: 1.61–3.18) and 30-day major postoperative 
complications, including acute renal failure (aOR = 1.71, 
95% CI: 1.02–2.84), pneumonia (aOR = 1.68, 95% CI: 
1.22–2.31), stroke (aOR = 1.13, 95% CI: 1.06–1.57), and 
overall complications (aOR = 1.23, 95% CI: 1.07–1.41). In 
addition, patients with sarcopenia had a significantly higher 
risk of 90-day mortality (aOR = 2.09, 95% CI: 1.58–2.76) 
and 90-day major postoperative complications, including 
acute renal failure (aOR = 1.61, 95% CI: 1.01–2.56), 
pneumonia (aOR = 1.70, 95% CI: 1.30–2.21), stroke 
(aOR = 1.28, 95% CI: 1.04–1.58), and overall complications 
(aOR = 1.24, 95% CI: 1.09–1.41).
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Kaplan–Meier 30 day or 90 day mortality 
and postoperative complications

Figures 1 and 2 present the cumulative risks of 30-day 
or 90-day mortality and postoperative complications 
between propensity score-matched patients with and 
without sarcopenia. As shown in Fig. 1, the cumulative 
incidence of 30-day mortality was significantly higher in 
patients with sarcopenia than in patients without sarco-
penia (P < 0.001, Fig. 1A), and the cumulative incidence 
of 30-day postoperative overall complications was signifi-
cantly higher in patients with sarcopenia than in patients 
without sarcopenia (P < 0.0001, Fig. 1B). Moreover, the 
Kaplan–Meier curves indicated that the cumulative inci-
dence rates of 90-day mortality and overall complications 
were significantly higher in patients with sarcopenia than 
in those without (P < 0.0001; Fig. 2). As shown in Sup-
plementary Figs. 2 and 3, the cumulative incidence rates 
of acute renal failure, pneumonia, and stroke within 30 and 
90 days of surgery were significantly higher in patients 
with sarcopenia than in patients without sarcopenia (all 
P values < 0.001).

Discussion

Although cholecystectomy for gallstone disease is a rela-
tively straightforward procedure [18, 28, 29], major post-
operative complications may persist. Higher levels of mor-
bidity are a heavy economic burden for patients, especially 
for older patients with comorbidities.[19–24] Sarcopenia 
is a multifactorial syndrome that is often associated with a 
higher prevalence of adverse outcomes, including functional 
decline, frailty, and mortality [46], but its association with 
major postoperative complications following cholecystec-
tomy is unknown. Until now, no study has compared major 
postoperative complications in patients with sarcopenia 
with those in patients in the general population following 
elective cholecystectomy for gallstone disease, although 
studies have shown a link between higher incidence rates of 
postoperative complications and mortality in patients with 
sarcopenia [11–14, 47–55]. In our study, the prevalence of 
sarcopenia among patients undergoing elective cholecystec-
tomy was 4.6% (2666/57,659) before matching and 20.0% 
(2666/13,330) after matching. This prevalence is lower than 
that reported in other high-risk surgical populations, likely 

Table 2   Postcholecystectomy 
adverse outcomes for propensity 
score–match patients with or 
without sarcopenia

N number

Without Sarcopenia With Sarcopenia

Outcome N = 10,664 N = 2,666 P value

Postoperative complications (within 30 days) N % N %
Acute myocardial infarction 17 0.16% 3 0.11% 0.575
Acute renal failure 49 0.46% 23 0.86% 0.011
Deep wound infection 56 0.53% 17 0.64% 0.481
Pneumonia 130 1.22% 58 2.18%  < 0.001
Pulmonary embolism 6 0.06% 2 0.08% 0.7236
Bleeding 85 0.80% 29 1.09% 0.1449
Septicemia 567 5.32% 160 6.00% 0.1639
Stroke 299 2.80% 104 3.90% 0.003
Any of the above 1068 10.02% 336 12.60%  < 0.001
30 day mortality 79 0.74% 57 2.14%  < 0.001
Postoperative complications (within 90 days)
Acute myocardial infarction 27 0.25% 7 0.26% 0.931
Acute renal failure 61 0.57% 27 1.01% 0.012
Deep wound infection 69 0.65% 19 0.71% 0.708
Pneumonia 193 1.81% 86 3.23%  < 0.001
Pulmonary embolism 8 0.08% 2 0.08% 1.0000
Bleeding 87 0.82% 29 1.09% 0.176
Septicemia 631 5.92% 183 6.86% 0.067
Stroke 390 3.66% 138 5.18%  < 0.001
Any of the above 1269 11.90% 400 15.00%  < 0.001
90 day mortality 119 1.12% 83 3.11%  < 0.001
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due to differences in age distribution, surgical complexity, 
and baseline comorbidities. Prior studies have documented 
sarcopenia prevalence ranging from 26.9% preoperatively 
to 46.4% postoperatively in open-heart surgery patients 
[56], 25.7–44.1% in orthopedic surgery patients [57], and 
an average of 42.8% in lung cancer surgery patients [58]. 
These surgical populations typically involve older patients 
with greater frailty and more advanced comorbidities, con-
tributing to their higher sarcopenia prevalence. In Taiwan, 
sarcopenia prevalence varies by setting, with rates reported 
at 50.9% in daycare centers [59], 50.4% in geriatric hip 
fracture patients [60], and 22% among healthcare profes-
sionals, mostly in the pre-sarcopenia stage [61]. Given that 
our study population consisted of predominantly younger 
patients undergoing elective cholecystectomy, with 87.0% 
undergoing laparoscopic cholecystectomy, a minimally inva-
sive procedure, the lower prevalence of sarcopenia observed 
is expected. These factors should be considered when inter-
preting our findings, as they may limit the generalizability 
of our results to higher-risk surgical populations. Despite 
the relatively smaller difference in postoperative complica-
tion rates, sarcopenia was strongly associated with higher 
mortality. This suggests that sarcopenia may impair physi-
ological resilience and recovery, contributing to increased 

vulnerability to surgical stress [62]. Mechanistically, sarco-
penia is linked to immune dysfunction, chronic inflamma-
tion, and metabolic dysregulation, which may exacerbate 
surgical stress responses and increase mortality risk [62, 63]. 
Prior studies have consistently identified sarcopenia as an 
independent predictor of mortality across various surgical 
populations [64], reinforcing the biological plausibility of 
our findings. Given that this is the first study to examine 
sarcopenia in cholecystectomy patients, further research is 
needed to explore perioperative interventions, such as preha-
bilitation and nutritional optimization, to mitigate its impact 
on surgical outcomes. Our results indicate that sarcopenia 
is associated with significantly higher rates of 30-day and 
90-day major postoperative complications, including acute 
renal failure, pneumonia, stroke, and overall complications 
(Tables 2 and 3, Figs. 1 and 2). These findings underscore 
the need for early identification and management of sarco-
penia to improve perioperative outcomes.

In addition, the higher incidence of choking or 
aspiration pneumonia in patients with sarcopenia is likely 
due to respiratory muscle weakness, impaired cough reflex, 
and decreased immune function [34, 65, 66]. Sarcopenia 
has been linked to dysphagia and impaired swallowing 
coordination, contributing to a higher risk of pulmonary 

Table 3   Adjusted ORs and 95% 
CIs for postcholecystectomy 
adverse outcomes associated 
with sarcopenia

OR odds ratio, aOR adjusted odds ratio, CI confidence interval, N number
* All covariates mentioned in Table 1 were adjusted

Control Sarcopenia

Outcomes N = 10,664 N = 2,666 aOR* (95% CI) P value
Postoperative complications (within 30 days)
Acute myocardial infarction 0.16% 0.11% 0.66 (0.17, 2.54) 0.547
Acute renal failure 0.46% 0.86% 1.71 (1.02, 2.84) 0.040
Deep wound infection 0.53% 0.64% 1.22 (0.7, 2.11) 0.476
Pneumonia 1.22% 2.18% 1.68 (1.22, 2.31) 0.001
Pulmonary embolism 0.06% 0.08% 1.75 (0.34, 8.98) 0.503
Bleeding 0.80% 1.09% 1.34 (0.87, 2.05) 0.180
Septicemia 5.32% 6.00% 1.11 (0.93, 1.34) 0.252
Stroke 2.80% 3.90% 1.13 (1.06, 1.57) 0.013
Any of the above 10.02% 12.60% 1.23 (1.07, 1.41) 0.002
30-day mortality 0.74% 2.14% 2.26 (1.61, 3.18)  < 0.001
Postoperative complications (within 90 days)
Acute myocardial infarction 0.25% 0.26% 1.06 (0.44, 2.59) 0.893
Acute renal failure 0.57% 1.01% 1.61 (1.01, 2.56) 0.047
Deep wound infection 0.65% 0.71% 1.10 (0.66, 1.84) 0.709
Pneumonia 1.81% 3.23% 1.70 (1.30, 2.21)  < 0.001
Pulmonary embolism 0.08% 0.08% 1.20 (0.25, 5.77) 0.820
Bleeding 0.82% 1.09% 1.31 (0.86, 2.01) 0.211
Septicemia 5.92% 6.86% 1.15 (0.96, 1.36) 0.121
Stroke 3.66% 5.18% 1.28 (1.04, 1.58) 0.020
Any of the above 11.90% 15.00% 1.24 (1.09, 1.41)  < 0.001
90 day mortality 1.12% 3.11% 2.09 (1.58, 2.76)  < 0.001
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aspiration and pneumonia [66]. A study by Soma et al. 
found that sarcopenia was a risk factor for postoperative 
respiratory complications in patients undergoing 
esophageal cancer surgery [67], which aligns with our 
findings in the context of cholecystectomy (Tables 2 and 
3). Although the prevalence of COPD was comparable 
between the two groups after propensity score matching 
(Table 1, SMD < 0.2), pneumonia incidence remained 
significantly higher in the sarcopenia group. This suggests 

that the increased pneumonia risk in sarcopenia patients 
is independent of COPD prevalence and is likely driven 
by compromised respiratory mechanics, dysregulated 
immune response, and impaired mucociliary clearance 
[63, 65, 68, 69]. Further research is needed to evaluate 
whether preoperative interventions, such as pulmonary 
rehabilitation, targeted nutrition, or early mobilization 
strategies, can mitigate this increased pneumonia risk in 
sarcopenia patients undergoing elective surgery.

Fig. 1   Kaplan–Meier 30 day 
postcholecystectomy mortality 
and complications for patients 
with and without sarcopenia. 
A 30 day postcholecystectomy 
mortality; B 30 day postchol-
ecystectomy overall complica-
tions
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The pathological mechanisms of sarcopenia mainly 
include cellular senescence, protein imbalance, oxidative 
stress, metabolic abnormalities, hyperinsulinemia, insulin 
resistance, and inflammation [70–72], which increase the 
burden on the kidney and are more likely to cause acute 
renal failure in patients with sarcopenia than in patients 
without sarcopenia when combined with the surgical stress 
induced by cholecystectomy (Tables 2 and 3). Ultimately, 
alterations in glomerular hemodynamics, inflammation, 
and fibrosis are the possible primary mediators of kidney 

tissue damage under surgical stress, although the relative 
contributions of these mechanisms likely vary among 
patients with and without sarcopenia [73]. Moreover, 
Huang et al. found that patients with sarcopenia were at a 
higher risk of severe nephropathy than were patients without 
sarcopenia, similar to our finding that sarcopenia is a risk 
factor for acute renal failure following cholecystectomy 
(Tables 2 and 3) [10]. In addition, the higher incidence 
of choking or aspiration pneumonia in patients with 
sarcopenia is likely due to muscle weakness [65, 74]. 

Fig. 2   Kaplan–Meier 90 day 
postcholecystectomy mortality 
and complications for patients 
with and without sarcopenia. 
A 90 day postcholecystectomy 
mortality; B 90 day postchol-
ecystectomy overall complica-
tions
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A study by Soma et al. found that sarcopenia was a risk 
factor for postoperative respiratory disease in patients with 
esophageal cancer [67], similar to our findings (Tables 2 
and 3). The higher incidence of postoperative pneumonia 
in patients with sarcopenia may be related to decreased 
skeletal muscle and weakened respiratory and swallowing-
related muscles [65, 74]. The incidence rates of 30-day 
and 90-day mortality were consistent with the incidence 
of pneumonia following cholecystectomy. Sarcopenia is 
associated with insulin resistance and metabolic syndrome, 
with an attendant increased risk of cardiovascular disease 
and stroke [7, 75–78], especially under surgical stress. 
Because insulin resistance and sarcopenia have similar 
pathogenetic mechanisms [71, 72, 75, 79], exercise to 
correct sarcopenia may help attenuate the progression 
of major postoperative complications [80]. Therefore, 
early detection and the correction of sarcopenia may be 
associated with lower incidence rates of major postoperative 
complications; this hypothesis must be verified. Sarcopenia 
might be an independent risk factor for major postoperative 
complications following cholecystectomy (Tables 2 and 3 
and Figs. 1 and 2). Solutions such as exercise, nutrition, and 
medication and hypotheses should be developed to address 
this problem. This study may serve as a valuable reference 
for governmental authorities creating health policies that 
promote the early detection and correction of sarcopenia to 
prevent major postoperative complications.

Thirty-day mortality rates greater than 1% have been 
used to identify high-risk procedures [28, 29]. In our 
study, the cumulative 30-day mortality rate in patients 
with sarcopenia was 2.14% (Table  2), which was 
significantly higher than in patients without sarcopenia 
(0.74%). Gallstone disease is one of the most common 
digestive diseases; therefore, investigating the association 
between sarcopenia and major postoperative complications 
following cholecystectomy would yield useful information 
for physicians and patients. Although measures of 
perioperative mortality have conventionally been limited 
to 30-day institutional mortality, 90-day mortality has 
been suggested as a more appropriate indicator of surgical 
quality, particularly after digestive surgery [41–45, 
81]. In our study, the cumulative 90-day mortality in 
patients with sarcopenia was 3.11% (Table 2), which was 
significantly higher than in patients without sarcopenia 
(1.12%). Our study demonstrated that sarcopenia was an 
independent risk factor for subacute (90-day) mortality 
following cholecystectomy, and the mortality rate did 
not plateau in that period (Figs. 1 and 2). In addition, 
90 day major postoperative complications are also a valid 
indicator of surgical quality, and incidence rates of major 
complications were higher in patients with sarcopenia 
(Fig.  2). Early detection and correction of sarcopenia 

may help prevent major postoperative complications and 
mortality.

This  s tudy  has  severa l  l imi t a t ions .  F i r s t , 
misclassification bias may exist as sarcopenia and 
postoperative complications were identified using ICD-
10-CM codes rather than direct clinical adjudication. 
Although prior studies report moderate-to-high sensitivity 
(70–85%) and specificity (> 90%) for administrative coding 
in hospitalized patients [82, 83], residual misclassification 
remains possible. Given that postoperative complications 
such as pneumonia and stroke require ICD coding 
for appropriate treatment and reimbursement, coding 
accuracy in inpatient settings is expected to be 
relatively high. However, some complications may be 
underreported or misclassified, particularly in cases 
of milder severity. Second, cognitive and swallowing 
function data were unavailable, which may contribute to 
residual confounding in postoperative pneumonia risk. 
We used pre-existing stroke and dementia as proxies in 
propensity score matching, but this does not fully account 
for undiagnosed impairments. Future studies should 
include standardized assessments to better evaluate their 
impact. Third, selection bias may limit generalizability, 
as our cohort consisted of relatively younger and 
healthier patients undergoing elective cholecystectomy, 
with a lower sarcopenia prevalence than that reported 
in orthopedic, cardiovascular, and oncologic surgical 
populations. Finally, causality cannot be established due 
to the observational nature of this study, and residual 
confounding cannot be fully excluded despite propensity 
score matching and multivariate adjustment. Future 
prospective studies are needed to validate these findings 
and evaluate whether targeted perioperative interventions 
can mitigate sarcopenia-related surgical risks.
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