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Background

Metabolic syndrome (MetS), a constellation of metabolic abnormalities such as obesity, hypertension, dyslipidemia, and insulin resistance, has been implicated in cancer progression. However, its impact on the prognosis of hepatocellular carcinoma (HCC) in elderly patients remains unclear. This study evaluates the relationship between MetS and survival outcomes in elderly patients undergoing hepatectomy for HCC.





Methods

This retrospective cohort study enrolled elderly HCC patients (≥65 years) who underwent hepatectomy at The First People’s Hospital of Tongxiang between January 2018 and December 2022. Patients were categorized into MetS and non-MetS groups based on diagnostic criteria by the Chinese Diabetes Society. Propensity score matching (PSM) was performed, yielding 166 matched pairs. Overall survival (OS) and recurrence-free survival (RFS) were analyzed using Kaplan-Meier curves and Cox proportional hazards models, adjusted for potential confounding factors.





Results

The 5-year recurrence (57.2% vs. 41.0%, P = 0.02) and mortality (33.1% vs. 17.5%, P < 0.01) rates were notably higher among patients with MetS compared to those without. Multivariate Cox regression showed that MetS was independently associated with a 1.43-fold increased risk of recurrence (95% CI: 1.02-2.00; P = 0.04) and a 1.73-fold increased risk of mortality (95% CI: 1.08–2.77; P = 0.02). A dose-response relationship was observed: each additional MetS component was associated with a 1.55-fold increased risk of recurrence (95% CI: 1.31–1.83; P < 0.01) and a 1.73-fold increased risk of mortality (95% CI: 1.39–2.17; P < 0.01).





Conclusions

MetS is associated with significantly worse survival outcomes in elderly HCC patients, with mortality risk escalating as the number of MetS components increases.
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1 Introduction

Hepatocellular carcinoma (HCC) ranks as the sixth most common cancer globally and the third leading cause of cancer-related mortality (1). Despite advances in therapeutic strategies such as surgical resection, liver transplantation, and systemic therapies, the prognosis for HCC remains dismal (2). This poor outcome is attributed to late-stage diagnosis in most patients and the complex interplay of factors influencing tumor progression and patient survival. Among these factors, host-related conditions such as metabolic comorbidities have emerged as potential contributors to HCC development and progression (3, 4).

Metabolic syndrome (MetS) is a cluster of interconnected metabolic abnormalities that includes central obesity, insulin resistance, hypertension, and dyslipidemia. Globally, the prevalence of MetS has increased markedly, paralleling the rise in sedentary lifestyles and obesity (5). Epidemiological studies have linked MetS to an increased risk of various cancers, including HCC, largely due to its association with chronic inflammation, insulin resistance, and altered lipid metabolism (6, 7). These mechanisms not only drive carcinogenesis but may also influence the biological behavior of established tumors, potentially impacting survival outcomes.

The relationship between MetS and HCC prognosis is of particular importance in elderly populations, as aging is accompanied by a higher prevalence of both MetS and HCC (8). In the elderly, comorbid conditions, polypharmacy, and diminished physiological reserves compound the challenges of cancer treatment, making the management of coexisting conditions, such as MetS, critical for improving outcomes. However, the prognostic significance of MetS in elderly patients with HCC remains poorly characterized. While studies have established the role of MetS in HCC risk (6, 9), its impact on survival outcomes is less clear, particularly in the context of elderly patients who may present with unique clinical and metabolic profiles.

This study aims to bridge these knowledge gaps by evaluating the association between MetS and survival outcomes in elderly patients with HCC. We hypothesize that MetS is associated with worse OS, with the risk increasing as the number of MetS components rises. By addressing these questions, this study seeks to provide evidence that could guide clinical decision-making and inform the design of interventions aimed at mitigating the impact of MetS on HCC prognosis.




2 Materials and methods



2.1 Patients

This retrospective cohort study was conducted at The First People’s Hospital of Tongxiang, focusing on elderly patients diagnosed with HCC between January 2018 and December 2022. The study adhered to the ethical guidelines of the Declaration of Helsinki and was approved by the Ethics Committee of Tongxiang First People’s Hospital (No. 2023043). Informed consent was waived by the Ethics Committee of Tongxiang First People’s Hospital due to the retrospective nature.

Inclusion criteria include, 1) age ≥65 years at the time of diagnosis; 2) histologically or radiologically newly diagnosed HCC in Barcelona Clinic Liver Cancer (BCLC) stage 0 and stage A; 3) underwent curative‐intent hepatectomy; 4) availability of complete clinical and follow-up data. Patients were excluded if they had coexistence of other primary malignancies or incomplete medical records. All patients underwent surgical treatment of a newly diagnosed HCC without preoperative treatments and the surgeries were performed by our experienced surgical team. After surgery, patients were followed up according to a standardized recurrence surveillance protocol.




2.2 Definition of MetS

The MetS is a cluster of metabolic abnormalities and there are several definitions. In this study, we adopted the criteria proposed by the Chinese Diabetes Society (10). The definition of MetS status requires the presence of any three or more of the following criteria: (1) obesity: body mass index ≥25 kg/m2 for Asians; (2) hyperglycemia: fasting blood glucose ≥6.1 mmol/L or 2-h plasma glucose ≥7.8 mmol/L or previously diagnosed; (3) hypertension: systolic/diastolic blood pressure ≥140/90 mm Hg or under antihypertensive therapy; (4) dyslipidemia: triglycerides ≥1.7 mmol/L or high-density lipoprotein cholesterol <0.9 mmol/L in men or <1.0 mmol/L in women. Patients were categorized into two groups based on the presence or absence of MetS at the time of HCC diagnosis.




2.3 Data collection and outcomes

Clinical data were extracted from electronic medical records, including demographic information, smoking history, American Society of Anesthesiologists (ASA) score, viral hepatitis status (HBV and HCV), surgical characteristics, histological characteristics, and MetS components. Cirrhosis was defined based on histopathological evidence of F4 fibrosis in nontumoral liver tissue, assessed using the Laennec cirrhosis scoring system, in accordance with established clinical and pathological guidelines (11, 12).

The primary endpoint was OS, defined as time from HCC diagnosis to death from any cause. Recurrence-free survival (RFS) was the secondary endpoint, and was estimated from HCC diagnosis until evidence of tumor relapse. All patients were followed up from initial admission after the surgery since January 2018 to death or last follow-up visit before December 2022, whichever occurred first. The data for patients who were alive at the time of the last follow-up or lost to follow-up before death were considered censored.




2.4 Statistical analysis

To minimize potential bias arising from baseline differences between the MetS and non-MetS groups, propensity score matching (PSM) was applied. Propensity scores were estimated through logistic regression, incorporating covariates such as age, sex, smoking status, ASA score and both surgical and histological characteristics. A 1:1 matching was conducted between MetS and non-MetS patients using a nearest-neighbor algorithm without replacement, with a caliper width set to 0.2 times the standard deviation of the logit of the propensity score.

Continuous variables were expressed as mean ± standard deviation (SD) or median with interquartile range (IQR), depending on the data distribution, and were compared using the Student’s t-test or Mann-Whitney U test. Categorical variables were presented as frequencies and percentages and analyzed using the chi-square test or Fisher’s exact test. Kaplan-Meier survival curves were constructed to compare OS and RFS between patients with and without MetS, with differences assessed using the log-rank test. Cox proportional hazards regression models were used to identify independent prognostic factors for OS and RFS. In the univariate analysis, the following variables were evaluated: age, sex, smoking status, ASA score, viral hepatitis status (HBV and HCV), surgical characteristics, histological characteristics, and MetS status. Variables with a P value <0.10 in the univariate analysis were sequentially included in the multivariate model using the forward selection method. Adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) were reported for all significant variables in the final multivariate model.

All statistical analyses were performed using SPSS version 22.0, with a two-sided P<0.05 considered statistically significant.





3 Results

A total of 862 patients with HCC were initially enrolled in this study. After excluding 179 cases, the final analysis included 683 participants, among whom 228 (33.4%) were identified as having MetS. PSM yielded 166 matched pairs, resulting in 332 patients for subsequent comparisons (Figure 1). As presented in Table 1, there were no significant differences in demographic factors such as age and sex, lifestyle factors like smoking, or clinical variables including surgical and histological characteristics between the MetS and non-MetS groups (P > 0.05). However, the MetS group exhibited significantly elevated levels of body mass index (BMI), systolic blood pressure (SBP), diastolic blood pressure (DBP), fasting glucose, triglycerides, and total cholesterol (all P < 0.01). Additionally, the prevalence of HBV and HCV infections was significantly higher in the MetS group (both P>0.05).




Figure 1 | Patients’ selection flow.




Table 1 | Comparison of baseline characteristics between non-MetS and MetS groups.



Both recurrence (57.2% vs. 41.0%, P = 0.02) and mortality (33.1% vs. 17.5%, P < 0.01) rates were notably higher among patients with MetS compared to those without (Table 2). Further analysis of the causes of death revealed that tumor-related death was significantly more frequent in the MetS group (25.3% vs. 10.2%, P < 0.01), whereas no significant differences were observed in liver-related death, cardiopulmonary events, or other causes of death between the two groups (all P < 0.01). These findings suggest that the increased mortality in MetS patients is primarily driven by tumor progression rather than non-tumor-related complications.


Table 2 | Comparison of recurrence and mortality between non-MetS and MetS groups.



Kaplan-Meier survival analysis revealed a significant disadvantage in the MetS group, with the log-rank tests confirming poorer OS (Figure 2A. HR = 2.29, 95% CI: 1.50–3.50; P < 0.01) and RFS (Figure 2C. HR = 1.63, 95% CI: 1.19–2.24; P < 0.01). Multivariate Cox proportional hazards analysis, adjusted for variables including age, sex, smoking status, ASA score, viral hepatitis status, and surgical and histological features, demonstrated that MetS was independently associated with a 1.43-fold increased risk of recurrence (95% CI: 1.02-2.00; P = 0.04) and a 1.73-fold increased risk of mortality (95% CI: 1.08–2.77; P = 0.02) compared to the non-MetS group (Table 3). Additionally, other significant prognostic factors for mortality included cirrhosis (HR=4.99, 95% CI: 2.68–9.29; P < 0.01), HBV infection (HR=2.54, 95% CI: 1.29–5.04; P < 0.01), HCV infection (HR=2.21, 95% CI: 1.37–3.58; P < 0.01), and ASA score III to IV (HR=1.73, 95% CI: 1.04–2.91; P = 0.04). For recurrence, significant predictors included cirrhosis (HR=1.79, 95% CI: 1.21–2.64; P < 0.01), HBV infection (HR=1.59, 95% CI: 1.06–2.37; P = 0.03), and HCV infection (HR=2.19, 95% CI: 1.45–3.32; P < 0.01).




Figure 2 | Kaplan-Meier curves of overall survival (OS) and recurrence-free survival (RFS) stratified by metabolic syndrome (MetS) status and the number of MetS components. (A) OS by MetS status; (B) OS by the number of MetS components; (C) RFS by MetS status; (D) RFS by the number of MetS components.




Table 3 | Multivariate Cox regression for exploring the association between metabolic syndrome (MetS) with mortality and recurrence.



Additionally, a dose-response relationship was observed between the number of MetS components and survival outcomes (Figures 2B, D). Each additional MetS component was associated with a 1.55-fold increased risk of recurrence (95% CI: 1.31–1.83; P < 0.01) and a 1.73-fold increased risk of mortality (95% CI: 1.39–2.17; P < 0.01).




4 Discussion



4.1 Key findings

This study highlights MetS as a significant and independent predictor of poor OS in elderly patients with HCC. Patients with MetS demonstrated a 1.43-fold increased risk of recurrence and a 1.73-fold increased risk of mortality compared to those without, with the risk escalating as the number of MetS components increased. The dose-response relationship observed in this study emphasizes the cumulative impact of metabolic dysfunction on cancer prognosis, underscoring the need for integrated management strategies in this vulnerable population.




4.2 Comparison with previous studies

Our findings align with prior studies linking MetS to worse outcomes in various cancers, including HCC. For instance, Zhang et al. (13) evaluated the impact of MetS on the long-term prognosis of patients with hepatitis B virus-related HCC (HBV-HCC) after radical hepatectomy. Their study revealed that MetS was independently associated with poorer OS and RFS, with hazard ratios of 1.68 and 1.78, respectively. Similarly, a multicenter study of 1,753 patients with HCC reported that concurrent MetS was independently associated with a 30% increase in the risk of death, with poorer 5-year OS (47.5% vs. 61.0%) rates (14). Our findings expand on this by demonstrating the prognostic impact of MetS in an elderly cohort, a population often underrepresented in cancer research.




4.3 Mechanisms linking MetS to HCC outcomes

Elderly patients with HCC face distinct challenges, including diminished physiological reserves and higher prevalence of comorbidities, which compound the adverse effects of MetS (15, 16). Previous studies have demonstrated that individual components of MetS, such as diabetes and obesity, significantly worsen cancer outcomes. For instance, insulin resistance and hyperinsulinemia activate oncogenic pathways, including PI3K-Akt-mTOR, which promote tumor cell proliferation and angiogenesis (17). Dyslipidemia and altered lipid metabolism provide energy substrates, such as free fatty acids and cholesterol, that fuel tumor growth and metastasis (18). Chronic low-grade inflammation associated with MetS, driven by elevated levels of inflammatory cytokines (e.g., IL-6 and TNF-α), fosters a pro-tumorigenic microenvironment by activating signaling pathways like NF-κB and STAT3 (19). Additionally, obesity exacerbates oxidative stress, and hypertension contributes to vascular dysfunction and increased tumor neovascularization (20). MetS is also associated with impaired T-cell function and an increase in myeloid-derived suppressor cells (MDSCs), creating an immunosuppressive environment that facilitates immune evasion and tumor progression (21). These mechanisms collectively drive tumor progression and reduce the efficacy of oncologic treatments. Our findings extend this understanding by demonstrating a dose-response relationship, indicating that the cumulative burden of MetS components significantly amplifies the risk of mortality.

Moreover, our analysis of RFS revealed that MetS was independently associated with a 1.43-fold increased risk of recurrence, further underscoring the role of metabolic dysfunction in promoting tumor aggressiveness and recurrence. The dose-response relationship observed between the number of MetS components and recurrence risk suggests that MetS may directly influence tumor biology through mechanisms such as chronic inflammation, insulin resistance, and altered lipid metabolism. These findings highlight the importance of managing MetS components not only to improve overall survival but also to reduce the risk of tumor recurrence in HCC patients.




4.4 Limitations

This study has several limitations inherent to its retrospective design and the selection of an elderly cohort. First, selection bias may have occurred, as patients with more severe disease or comorbidities might have been more likely to have detailed medical records, potentially skewing the sample. Second, information bias, such as variability in the recording of MetS components or causes of death, could affect the accuracy of our findings. For example, the diagnostic criteria for MetS have evolved over time, and inconsistencies in its definition may have influenced patient classification. Third, despite our efforts to control for confounding variables through propensity score matching and multivariate analysis, unmeasured confounders such as socioeconomic status, lifestyle factors (e.g., diet, physical activity), and access to healthcare may have influenced the results. Additionally, the retrospective nature of this study precludes establishing causality; we can only report associations between MetS and HCC outcomes.

The heterogeneity of the elderly population further complicates the interpretation of our findings. Elderly patients often present with a wide range of health statuses and comorbidities, including frailty, cognitive impairment, and polypharmacy, which may independently affect both MetS and HCC outcomes. For instance, the severity of cirrhosis at the time of HCC diagnosis is a significant confounding factor that may influence both MetS and HCC prognosis. While we included cirrhosis as a covariate in our multivariate analysis, the Laennec scoring system used in this study may not fully capture the dynamic nature of liver dysfunction. Advanced cirrhosis can independently worsen prognosis and may interact with MetS components, such as insulin resistance and dyslipidemia, to exacerbate tumor progression. Furthermore, elderly patients who survive long enough to develop HCC may represent a select group with better overall health, potentially introducing survival bias. Treatment variability in elderly patients, such as differences in surgical candidacy or postoperative care, could also influence outcomes. While we attempted to control for these factors through propensity score matching and multivariate analysis, residual confounding may still exist.




4.5 Future directions

To address these limitations, future studies should incorporate direct comparative analyses between MetS-HCC and non-HCC MetS patients to clarify the relative contributions of cancer-specific and metabolic factors to mortality. Existing nationwide cohort studies, such as the US National Health and Nutrition Examination Survey (NHANES) (22) and the China Cardiometabolic Disease and Cancer Cohort (4C) Study (23), suggest that the mortality rate in non-HCC MetS patients is significantly lower than that observed in MetS-HCC patients, indicating that cancer-specific mechanisms (e.g., tumor progression and recurrence) likely drive the elevated mortality in MetS-HCC patients. Prospective designs are needed to assess dynamic changes in MetS components over time and evaluate the impact of interventions targeting metabolic parameters (e.g., weight management, glycemic control, and lipid regulation) on HCC outcomes. Additionally, more detailed assessments of liver function, such as MELD scores or transient elastography, should be included to better account for the impact of cirrhosis severity on HCC prognosis. Age-stratified analyses, including younger cohorts, are also essential to better understand the age-specific effects of MetS on HCC outcomes. Finally, investigations into the interplay between MetS and specific molecular pathways involved in HCC progression could provide valuable insights for the development of targeted therapies. These efforts would not only enhance our understanding of the complex relationship between metabolic health and cancer outcomes but also inform more effective, personalized treatment strategies for this high-risk population.




4.6 Conclusions

In conclusion, MetS significantly worsens the prognosis of elderly patients with HCC, with its impact amplified by the cumulative burden of metabolic abnormalities. Recognizing and managing MetS components—such as obesity, insulin resistance, and dyslipidemia—should be prioritized in the care of this population. Implementing targeted interventions, including weight management, glycemic control, and lipid regulation, may improve both metabolic health and oncologic outcomes. A holistic approach that integrates metabolic management with cancer treatment is essential to enhance survival and reduce recurrence risk in elderly HCC patients with MetS.
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HCV 2.19 1.45-3.32 <0.01

MetS, metabolic syndrome; ASA, American Society of Anesthesiologists.
Age, sex, smoking status, viral hepatitis status, and surgical and histological features were
adjusted for in the multivariate Cox analysis.
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OEBPS/Images/table1.jpg
MetS P

group value
(n = 166)

Age, years 69.0 + 2.4 69.5 + 2.4 0.96
Female 51 (30.7%) 43 (25.9%) ‘ 0.39
Current or ever smoker, 36 (21.7%) 35 (21.1%) 1.00
n (%)

ASA score IIT to IV, n (%) 102 (61.4%) 97 (58.4%) 0.65
MetS number 1.4+ 0.5 33+04 | <0.01
BMI, kg/m* 224 +26 258 + 2.6 <0.01
SBP, mmHg 123.0 + 11.5 142.7 £ 12.5 ‘ <0.01
DBP, mmHg 743 £ 11.1 86.2 +11.4 <0.01
Fasting glucose, mmol/L V 5612 8615 V <0.01
Triglyceride, mmol/L 1.1+£03 1.7 +0.4 <0.01

TC, mmol/L 44+ 05 4.8 £0.6 <0.01

Viral hepatitis status, n (%)

HBV infection 107 (64.5%) 139 (83.7%) <0.01
HCYV infection 10 (6.0%) 33 (19.9%) <0.01
Surgical characteristics, n (%)

Minimally 69 (41.6%) 70 (42.2%) 1.00
invasive approach

Type of resection

Limited resection 39 (23.5%) 53 (31.9%) 0.11
Segmentectomy 29 (17.5%) 21 (12.7%) ‘ 0.28
Sectionectomy 47 (28.3%) 56 (33.7%) 0.34
Hemi-hepatectomy 43 (25.9%) 53 (31.9%) 0.28
Major hepatectomy 10 (6.0%) 9 (5.4%) 1.00

Histological characteristics, n (%)

Nontumoral 0.14
liver fibrosis

FO or F1 75 (45.2%) 62 (37.3%)

i) 16 (9.6%) - 30 (18.1%)

F3 37 (22.3%) 35 (21.1%)

F4 38 (22.9%) 39 (23.5%)
Degree of steatosis 7 0.43

<5% 65 (39.2%) 60 (36.1%)

5%-33% 67 (40.4%) 62 (37.3%)

>33% 34 (20.5%) 44 (26.5%)
Number of lesions 0.92

1 140 (84.3%) 140 (84.3%)

2-3 23 (13.9%) 22 (13.3%)

>3 3 (1.8%) 4 (2.4%)
Size of lesions>5 cm 88 (53.0%) ‘ 86 (51.8%) 091
RO resection 151 (91.0%) ‘ 158 (95.2%) ‘ 0.19
G3/G4 tumor grade 34 (20.5%) 26 (15.7%) 0.32
Macrovascular invasion 22 (13.3%) ‘ 23 (13.9%) 1.00
Microvascular invasion 55 (33.1%) 70 (42.2%) 0.11
Satellitosis 24 (14.5%) ‘ 36 (21.7%) 0.12

MetS, metabolic syndrome; ASA, American Society of Anesthesiologists; BMI, body mass
index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; HBV,
hepatitis B virus; HCV, hepatitis C virus.





