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Purpose: This study aimed to develop and evaluate a preoperative frailty screening and risk prediction model in elderly patients 
undergoing hepatectomy.
Patients and Methods: In this prospective observational study with a cross-sectional baseline assessment, we included 216 elderly 
patients aged ≥60 years who underwent liver resection at a tertiary hospital in Guangdong Province from January 2024 to 
September 2025. We collected patients’ data from their frailty assessments, preoperative clinical marker evaluations, and their 
demographic characteristics. Subsequently, univariate and multivariate binary logistic regression analysis was employed to identify 
factors associated with frailty status.
Results: Among 216 elderly patients undergoing hepatectomy, 164 (75.9%) were classified as non-frail, 40 (18.5%) as pre-frail, and 
12 (5.6%) as frail, with 24.1% exhibiting frailty (FRAIL score ≥2). Univariate analysis identified 13 clinical indicators significantly 
associated with frailty status (p < 0.05). Multivariate binary logistic regression analysis demonstrated that older age, higher ASA 
classification, and elevated NRS-2002 score were independent risk factors for frailty, whereas higher metabolic equivalent (MET) 
levels and higher albumin concentrations were protective factors. The prediction model showed excellent apparent discrimination 
(AUC = 0.923) and good calibration; however, further validation is required before routine clinical implementation. Furthermore, 
frailty was significantly associated with longer postoperative and total length of stay, as well as a higher rate of unplanned reoperation.
Conclusion: Preoperative frailty status in elderly patients undergoing liver resection was associated with multiple clinical indicators. 
However, the proportion of patients with overt frailty among those undergoing surgery was low (5.6%), suggesting the crucial need for 
rigorous clinical screening. Hence, perioperative management should be prioritized for patients with pre-frailty, and an individualized 
treatment decision-making system should be established for those with severe frailty.
Keywords: analysis of influencing factors, elderly, frailty, hepatectomy

Introduction
The proportion of elderly individuals undergoing liver resection is increasing every year as the world’s population is 
aging rapidly.1 Hepatectomy is the primary treatment for liver cancers; however, the patient’s preoperative frailty state 
significantly impacts the procedure’s safety and recovery results.2 Frailty, a clinical syndrome characterized by dimin
ished physiological reserves and stress response capacity, is prevalent among the elderly population. It is also recognized 
as an independent predictor of post-operative complications and poor prognosis.3 In recent years, preoperative frailty 
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assessment has garnered significant attention and initiated research within geriatric surgery patients. Moreover, a strong 
association has been observed between preoperative frailty and increased post-operative complication rates, prolonged 
hospital stays, delayed functional recovery, and higher mortality.4 Because of its unique physiological impact and 
necessary technical demands, the patient’s preoperative physical condition is crucial for hepatectomy.5 However, large- 
scale studies on preoperative frailty status among elderly Chinese patients undergoing liver resection are scarce, and the 
factors that influence preoperative frailty have not been comprehensively evaluated.

This study collected clinical data from patients aged ≥60 years undergoing liver resection to systematically evaluate 
their preoperative frailty status and analyze relevant influencing factors. To address this evidence gap, this study aimed to 
develop and evaluate a preoperative frailty screening and risk prediction model to facilitate early identification of high- 
risk elderly patients undergoing hepatectomy. Thus, our findings might facilitate the identification of high-risk patients, 
optimize perioperative management strategies, and improve their surgical outcomes. Most existing frailty studies have 
focused on general surgical populations or other surgical specialties, whereas evidence specifically addressing elderly 
patients undergoing hepatectomy remains limited. In particular, few studies have integrated functional capacity, nutri
tional risk, liver-related laboratory indicators, and perioperative outcomes into a clinically applicable frailty screening 
model for this population.

Materials and Methods
Participants
We conducted a prospective observational study with a cross-sectional baseline frailty assessment. Consecutive patients 
aged ≥60 years who underwent liver resection at a tertiary hospital in Guangdong Province from January 2024 to 
September 2025 were enrolled. Our inclusion criteria were: (1) Those aged 60–90 years; (2) Patients with preoperative 
diagnosis as liver mass requiring hepatectomy; (3) Those who voluntarily participated after providing signed consent. 
Our exclusion criteria were: (1) Those undergoing emergency surgery; (2) Patients with incomplete clinical data, and (3) 
Those with mental disorders or communication barriers that might prevent assessment. This study was approved by the 
hospital’s ethics review board with the ethics approval number: (Ethics Review No. 25, 2025).

Research Methods
Data Collection
We employed a self-designed general information questionnaire to collect patients’ demographic, clinical, and patholo
gical characteristics, as well as laboratory test results through the electronic medical record system. The questionnaire 
included the following parameters: (1) Demographic data: These included age, gender, marital and employment status, 
educational level, surgical history, allergy history, smoking history, alcohol consumption history, etc. (2) Clinical 
characteristics: Clinical data comprised Body Mass Index (BMI), comorbidities, cardiac function, Child-Pugh classifica
tion, pathological subtype, ASA physical status classification, etc. (3) Laboratory indicators: Laboratory parameters 
consisted of HB, ALB, TBIL, INR, etc. (4) Functional assessment indicators: These included NRS-2002, MET, ADL 
score, Morse Fall Risk Assessment score, etc.

Postoperative outcomes, including postoperative complications, unplanned reoperation, postoperative length of stay, 
and total length of stay, were extracted from the electronic medical record system.

Frailty Assessment
We employed the FRAIL Frailty Questionnaire for evaluation (Figure 1). Developed by the International Association for 
Nutrition, Health and Ageing in 2008, this questionnaire consists of five items across four dimensions: vitality, strength, 
health status, and nutritional status. To ensure objectivity, frailty assessments were performed by uniformly trained 
research personnel who were blinded to laboratory results, clinical classifications, and perioperative outcome data. Each 
item scored 1 point: 0–1 points indicated no frailty, 2 points represented pre-frailty, and 3–5 points signified significant 
frailty. The questionnaire demonstrated a Cronbach’s alpha coefficient of 0.826 and content validity indices ranging from 
0.93 to 1.00.6
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MET Assessment
Functional capacity was assessed preoperatively using a structured interview conducted by trained research personnel. 
Patients were asked about their ability to perform common daily activities corresponding to different metabolic 
equivalents (METs), such as climbing a flight of stairs, walking briskly, or carrying groceries. The estimated MET 
level was recorded as the patient’s functional capacity. A threshold of 4 METs is commonly used in perioperative risk 
stratification to indicate poor functional capacity; therefore, MET was additionally categorized as <4 versus ≥4 METs for 
descriptive analyses. In regression analyses, MET was entered as a continuous variable.

Statistical Analysis
Statistical analysis was performed using SPSS 26.0 software. Normally distributed quantitative data were expressed as 
mean ± standard deviation, and inter-group comparisons were conducted using analysis of variance (ANOVA). Non- 
normal data were expressed as median M (P25, P75), and inter-group comparisons were conducted using the Kruskal– 
Wallis H-test. Qualitative data were expressed as case numbers (%) and compared between groups using the chi-square 
test. Multivariate logistic regression analysis helped to identify independent factors influencing preoperative frailty. A p- 
value <0.05 was considered statistically significant.

For regression modeling, frailty status was dichotomized as non-frail (FRAIL score 0–1) and frail (FRAIL score ≥2) 
to ensure adequate statistical power and model stability. Variables with p < 0.05 in univariate analysis and with clinical 
relevance were entered into a multivariate binary logistic regression model. Model discrimination was evaluated using 
receiver operating characteristic (ROC) curve analysis, and the area under the curve (AUC) was calculated. Model 
calibration was assessed using the Hosmer–Lemeshow goodness-of-fit test. Standardized regression coefficients were 
calculated by entering z-transformed continuous variables into the logistic regression model. Because the model was 
developed in a single-center cohort without an independent validation dataset, the AUC should be interpreted as apparent 
model performance, and further internal and external validation is needed.

Postoperative outcomes were compared between non-frail and frail groups. Categorical outcomes (any complication 
and unplanned reoperation) were compared using the chi-square test or Fisher’s exact test as appropriate. Continuous 
outcomes (postoperative length of stay and total length of stay) were compared using the Mann–Whitney U-test. 
Additionally, multivariable regression models adjusting for age and ASA classification were used to evaluate the 
independent association between frailty and length of stay. Multicollinearity among independent variables was assessed 
using the variance inflation factor (VIF). A VIF value >5 was considered indicative of significant multicollinearity.

Figure 1 FRAIL frailty questionnaire used for preoperative frailty assessment.

Clinical Interventions in Aging 2026:21                                                                                             https://doi.org/10.2147/CIA.S606766                                                                                                                                                                                                                                                                                                                                                                                                       3

Chen et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Results
Preoperative Frailty Status in Elderly Patients Undergoing Hepatectomy
Of 216 patients, 152 (70.3%) and 64 (29.7%) were males and females, respectively. Their ages ranged from 60 to 85 
years, with a mean age of (67.9 ± 5.69) years. The preoperative frailty assessment grouped them into 164 cases without 
frailty (75.9%), 40 cases with pre-frailty stage (18.5%), and 12 cases with frailty (5.6%).

Univariate Analysis of Factors Affecting Frailty
Demographic Characteristics of Geriatric Inpatients
No statistically significant differences were observed among the three groups in terms of gender, marital and employment 
status, educational attainment, surgical history, allergy history, smoking history, or alcohol consumption history (p>0.05, 
Table 1). However, increasing age was significantly associated with frailty status (p<0.05).

Comparison of Preoperative Clinical Data
A comparison of preoperative clinical data among patients with varying frailty stages revealed statistically significant 
differences (p<0.05) in 12 indicators. These included preoperative comorbidities, cardiac function classification, Child- 
Pugh classification, HB, ALB, NRS-2002 score, MET, ADL score, Morse score, INR, TBIL, and ASA classification 
(Table 2).

Multivariate Binary Logistic Regression Analysis
Multivariate binary logistic regression analysis identified age (OR=1.22, 95% CI: 1.11–1.35, p<0.001), ASA classifica
tion (OR=2.49, 95% CI: 1.00–6.22, p=0.049), NRS-2002 score (OR=1.72, 95% CI: 1.06–2.80, p=0.030) as independent 
risk factors for frailty. Conversely, higher MET levels (OR=0.45, 95% CI: 0.32–0.62, p<0.001) and higher albumin levels 
(OR=0.80, 95% CI: 0.68–0.93, p=0.004) were protective factors. The ROC curve analysis demonstrated excellent 
apparent discriminative ability of the model, with an AUC of 0.923 (Table 3 and Figure 2). The Hosmer–Lemeshow 
goodness-of-fit test indicated good model calibration (χ2 = 6.93, p = 0.545). The calibration curve demonstrated good 
agreement between predicted and observed probabilities (Figure 3).

Table 1 Comparison of Demographic Characteristics Among Patients Undergoing Hepatic Resection with Different Degrees of 
Frailty (n=216)

Variables Classification Non-Frail (n=164) Pre-Frailty (n=40) Frail (n=12) χ2/F P

Age — 66.24±4.556 72.93±5.797 73.92±5.712 39.990b <0.001

Gender (n%) Male 116 (70.7) 25 (62.5) 11 (91.7) 3.809a 0.149

Female 48 (29.3) 15 (37.5) 1 (8.3)

Marital status (n%) Married 147 (89.6) 39 (97.5) 10 (83.3) 6.173a 0.404

Unmarried 1 (0.6) 0 (0.0) 0 (0.0)

Divorce 9 (5.5) 1 (2.5) 2 (16.7)

Widowed 7 (4.3) 0 (0.0) 0 (0.0)

Occupation (n%) Yes 16 (9.8) 6 (15) 1 (8.3) 1.001a 0.606

No 148 (90.2) 34 (85) 11 (91.7)

Education level (n%) Junior high school and below 120 (73.2) 26 (65.0) 9 (75.0) 1.845a 0.764

Vocational high school and senior high school 36 (22.0) 11 (27.5) 3 (25.0)

College degree or higher 8 (4.9) 3 (7.5) 0 (0.0)

Surgical History Yes 108 (65.9) 27 (67.5) 11 (91.7) 3.402a 0.183

No 56 (34.1) 13 (32.5) 1 (8.3)

Allergy history Yes 14 (8.5) 4 (10.0) 2 (16.7) 0.912a 0.634

No 150 (91.5) 36 (90.0) 10 (83.3)

Smoking history Yes 33 (20.1) 6 (15.0) 4 (33.3) 1.966a 0.374

No 131 (79.9) 34 (85.0) 8 (66.7)

History of Alcohol Abuse Yes 7 (4.3) 3 (7.5) 0 (0.0) 1.377a 0.502

No 157 (95.7) 37 (92.5) 12 (100.0)

Notes: adenotes the χ2 value, bdenotes the F value.
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The adequacy of sample size for multivariate logistic regression was assessed according to the events-per-variable 
(EPV) rule. An EPV ≥10 is generally recommended to reduce the risk of overfitting and unstable parameter estimation. In 
this study, 52 events (frailty cases) were observed, and five independent variables were entered into the model, yielding 
an EPV of 10.4, meeting the commonly recommended EPV threshold and suggesting acceptable model stability, although 
the possibility of overfitting cannot be completely excluded. Among all predictors, MET showed the strongest standar
dized effect, followed by age and albumin.

Association Between Frailty and Postoperative Outcomes
Compared with non-frail patients, frail patients (FRAIL score ≥2) had a higher rate of postoperative complications (25.0% vs 
15.2%), although the difference was not statistically significant (p = 0.213). Frail patients showed a significantly higher rate of 
unplanned reoperation (5.8% vs 0.6%, Fisher’s exact p = 0.049). Frail patients also had longer postoperative length of stay 
(median 10 [8–13] vs 8 [7–12] days, p = 0.018) and longer total length of stay (median 19.5 [16.25–24] vs 17 [13–21] days, p = 

Table 2 Comparison of Preoperative Clinical Data Among Patients Undergoing Hepatectomy with Varying Frailty Stages (n=216)

Variables Non-Frail (n=164) Pre-Frailty (n=40) Frail (n=12) χ2/F/H P

BMI 23.91±3.37 23.61±3.86 22.95±3.35 0.502b 0.606

Comorbidities Yes 116 (70.7) 36 (90.0) 12 (100) 10.560a 0.005

No 48 (29.3) 4 (10.0) 0 (0)

Cardiac function 1 101 (61.6) 0 (0.0) 1 (8.3) 56.646a <0.001

2 63 (38.4) 40 (100.0) 11 (91.7)

Child-Pugh classification A 160 (97.6) 39 (97.5) 9 (75) 20.286a <0.001

B 4 (2.4) 1 (2.5) 3 (25)

Pathology Benign 131 (79.9) 36 (90.0) 11 (91.7) 3.024a 0.220

Malignant 33 (20.1) 4 (10.0) 1 (8.3)

HB (115–150) 131.88±15.974 120.63±17.400 112.83±19.404 13.484b <0.001

PLT (125–350) 204.96±81.239 210.83±100.843 214.83±109.613 0.131b 0.878

PT (10–14) 11.755±1.2804 11.923±1.2907 12.183±1.0071 0.827b 0.439

ALB (40–55) 40.505±2.9946 38.372±3.5418 37.467±2.8608 11.690b <0.001

ALT (7–40) 32.10±38.380 34.67±35.800 22.50±7.983 0.502b 0.606

AST (13–35) 33.330±36.2109 35.150±34.2416 23.917±5.5343 0.487b 0.615

AFP (0–7) 1079.01±9205.71 312.89±1259.126 358.55±635.733 0.173b 0.841

NRS-2002 score 1.12±0.925 2.17±1.010 2.58±1.084 29.604b <0.001

MET 6.00 (6.00, 7.00) 6.00 (3.00, 6.00) 3.00 (3.00, 5.50) 37.655c <0.001

ADL 90.00 (90.00, 90.00) 80.00 (70.00, 80.00) 70.00 (62.50, 77.50) 69.734c <0.001

Morse Fall Risk score 15.00 (15.00, 20.00) 25.00 (25.00, 40.00) 40.00 (28.75, 47.50) 62.280c <0.001

INR (0.8–1.5) 0.97 (0.94, 1.02) 0.98 (0.95, 1.05) 1.04 (0.9725, 1.0775) 6.058c 0.048

TBIL (0–23) 12.75 (9.225, 16.375) 10.60 (7.775, 13.275) 16.20 (10.05, 39.55) 10.026c 0.007

ASA classification 2.00 (2.00, 3.00) 3.00 (3.00, 3.00) 3.00 (2.25, 3.00) 26.055c <0.001

Notes: adenotes chi-square test, bdenotes analysis of variance, and cdenotes H-value. Child-Pugh grades A and B include scores of 5 to 6, as well as scores of 7 to 
8, respectively.
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0.001). After adjustment for age and ASA classification, frailty remained independently associated with longer postoperative 
and total length of stay (both p < 0.05) (Table 4). No significant multicollinearity was observed among the included variables. 
VIF values ranged from 1.13 to 4.68, indicating acceptable collinearity.

Discussion
Preoperative Frailty Characteristics and Clinical Implications in Elderly Hepatic 
Resection Patients
This phenomenon might be related to a selection effect associated with the preoperative evaluation process for 
hepatectomy. As a highly invasive and physiologically demanding procedure, hepatectomy requires careful preoperative 
assessment of cardiopulmonary function, nutritional status, and overall physiological reserve.7 Patients with pronounced 
frailty may be less likely to be scheduled for elective hepatectomy or may receive alternative, less invasive treatments. 
Consequently, the cohort undergoing surgery may represent a selected subgroup with relatively preserved physiological 
reserve, which could partly explain the lower observed prevalence of overt frailty.8 However, because data on patients 
who were excluded from surgery were not available, this explanation should be interpreted as a hypothesis rather than 
a definitive conclusion.9 Another international study has also revealed significant variations in preoperative frailty rates 
among elderly patients across different surgical subspecialties like cardiac surgery, orthopedics, and general surgery.10 

These disparities are directly linked to differing inclusion criteria and risk prediction models for each procedure.7,11

Figure 2 ROC curve of the multivariate model.

Table 3 Multivariate Logistic Regression Analysis of Factors Associated with 
Frailty

Variable OR 95% CI P value Standardized β

Age 1.223 1.110–1.347 <0.001 0.842

ASA classification 2.494 1.000–6.217 0.049 0.368

Metabolic equivalent (MET) 0.446 0.319–0.623 <0.001 −1.205
NRS-2002 score 1.720 1.055–2.804 0.030 0.514

Albumin 0.795 0.681–0.929 0.004 −0.623

Notes: Frailty was defined as a FRAIL score ≥2 (0–1 = non-frail, ≥2 = frail). Variables entered into 
the model were selected based on clinical relevance and univariate analysis (p < 0.05). Standardized β 
coefficients were calculated using z-transformed continuous variables to compare the relative 
strength of predictors. 
Abbreviations: OR, odds ratio; CI, confidence interval; MET, metabolic equivalent; ASA, American 
Society of Anesthesiologists physical status classification; NRS-2002, Nutritional Risk Screening 2002.
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Clinical Significance and Pathway Analysis of Factors Associated with Frailty
In this study, we developed and evaluated a preoperative frailty risk prediction model in elderly patients undergoing 
hepatectomy. The model demonstrated excellent discriminative performance and identified key clinical predictors 
associated with frailty. Our univariate analysis revealed that 13 indicators encompassing multiple dimensions like 
physiological function, nutritional status, coagulation mechanisms, ADL status, and clinical comprehensive assessment 
were significantly correlated with preoperative frailty status. Our findings indicate that age, ASA classification, and 
nutritional risk were independent predictors of frailty, whereas higher functional capacity and better nutritional status 
(albumin level) were protective. The predictive model demonstrated excellent apparent discrimination (AUC = 0.923) 
and good calibration, suggesting potential clinical utility in preoperative screening; nevertheless, this finding should be 
interpreted cautiously until the model is validated in larger independent cohorts.12,13

A key indicator of individual physical fitness and cardiopulmonary function, MET reflects diminished physical 
activity capacity and endurance through lower scores—a core feature of frailty. In the present model, MET showed 
the strongest standardized effect among all predictors, and higher MET levels were independently associated with 
a lower likelihood of frailty status defined as FRAIL score ≥2 (OR=0.446). This association is clinically plausible 
because MET integrates cardiopulmonary reserve, skeletal muscle function, and the ability to tolerate daily physical 
activity. Therefore, simple preoperative questions regarding stair climbing, brisk walking, or carrying groceries may 
provide practical information for identifying elderly patients at risk of frailty before hepatectomy. This aligns with 
findings from another international study, which explicitly identified self-reported functional capacity below 4 METs as 
an independent risk factor for post-operative mortality and major complications in such elderly patients.8,14 As 
a nutritional risk screening tool, an enhanced NRS-2002 score indicates significant malnutrition risk. A higher NRS- 

Figure 3 Calibration curve of the multivariate logistic regression model. The solid line represents the observed probabilities, and the dashed diagonal line represents perfect 
calibration.

Table 4 Association Between Frailty Status and Postoperative Outcomes in Elderly 
Patients Undergoing Hepatectomy

Outcome Non-Frail Frail P value

Any complication, n (%) 25 (15.2%) 13 (25.0%) 0.213

Unplanned reoperation, n (%) 1 (0.6%) 3 (5.8%) 0.049
Postoperative length of stay, median (IQR) 8 (7–12) 10 (8–13) 0.018

Total length of stay, median (IQR) 17.0 (13.00–21) 19.5 (16.25–24) 0.001

Notes: Frailty was defined as a FRAIL score ≥2. Continuous variables were compared using the Mann– 
Whitney U-test. Categorical variables were compared using the chi-square test or Fisher’s exact test as 
appropriate.
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2002 score was independently associated with frailty, highlighting the critical role of nutritional risk. Liver disease 
patients often face malnutrition risks due to impaired liver function, digestive absorption disorders, and metabolic 
abnormalities. Additionally, malnutrition may exacerbate muscle loss and functional decline, thereby contributing to 
a vicious cycle of nutritional deterioration and frailty progression. A systematic review on perioperative nutritional 
management in hepatectomy patients emphasized that nutritional risk is an intervenable predictor of post-operative 
outcomes. Thus, preoperative nutritional support may improve clinical results in selected high-risk patients.9,15

In addition to identifying predictors of frailty, we further demonstrated that frailty was associated with worse 
postoperative utilization outcomes, including longer postoperative and total length of stay, and a higher risk of unplanned 
reoperation. These findings support the clinical value of routine frailty screening in elderly patients undergoing 
hepatectomy to optimize perioperative management and resource allocation.

Research Limitations and Future Directions
This study has several limitations. First, pre-frail and frail patients were combined into a single frailty-risk group for binary 
logistic regression because the number of overtly frail patients was small. Although this approach improved model stability, it 
may have obscured clinically meaningful differences between pre-frailty and established frailty. Future studies with larger 
samples should examine frailty as an ordinal outcome and explore whether different predictors are associated with pre-frailty 
and overt frailty. Second, this study did not assess inter-rater reliability of the FRAIL scale, as frailty assessment was 
performed by trained research personnel without duplicate independent evaluation. Although standardized training was 
provided, potential measurement bias cannot be completely excluded. Third, selection bias should be considered when 
interpreting our findings. Emergency surgical cases were excluded from this study, and patients with severe frailty who were 
deemed unsuitable for elective surgery were unlikely to be scheduled for hepatectomy. Therefore, the study population 
represents a relatively selected cohort of elderly patients with preserved physiological reserve. This selection process may 
have led to an underestimation of the true prevalence of frailty and may limit the generalizability of our findings to all elderly 
patients with liver disease. Fourth, the model was developed in a single-center cohort and has not yet undergone independent 
external validation; therefore, the high AUC may partly reflect optimism or overfitting. Future multicenter studies should 
perform internal resampling validation and external validation before the model is used for routine clinical decision-making. 
Moreover, our study model did not incorporate all potential driving factors, and our results might be influenced by unmeasured 
confounders, such as specific comorbidities, socioeconomic factors, cognitive function, inflammatory markers, sarcopenia, or 
detailed tumor burden. Thus, future studies should expand their sample sizes, adopt multicenter designs, and incorporate 
objective functional assessment measures to validate our findings. Concurrently, interventional studies are also needed to 
evaluate the efficacy of preoperative rehabilitation interventions in improving frailty status and surgical outcomes.

Conclusion
We systematically evaluated preoperative frailty status in elderly patients undergoing hepatectomy and found that approxi
mately 24.1% exhibited pre-frailty or frailty. The relatively low proportion of overt frailty (5.6%) may reflect the stringent 
preoperative selection process in surgical candidates. Based on these findings, we developed an exploratory preoperative 
frailty risk prediction model incorporating age, ASA classification, functional capacity, nutritional risk, and albumin level. The 
model demonstrated good apparent discriminative performance and may assist clinicians in the early identification of 
vulnerable patients, but further validation is required. Our results further support the implementation of routine preoperative 
frailty screening for elderly patients undergoing liver resection. We recommend adopting the FRAIL scale as an efficient and 
rapid screening tool, integrated with ASA classification, MET assessment, and nutritional evaluation to establish 
a comprehensive multidimensional assessment framework. Pre-frailty may represent an important window for early inter
vention, whereas patients identified as frail or at high risk should receive individualized perioperative management and 
multidisciplinary evaluation to optimize surgical decision-making and improve clinical outcomes.

Data Sharing Statement
The raw data supporting this study are available from the corresponding author (Li Zhang, Nancyzli@21cn.com) upon 
reasonable request. Ethical approval restrictions apply to participant-level data.
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