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The relationship between
metabolic syndrome and survival
of patients with endometrial
cancer: a meta-analysis

Feng Deng, Yi Chen, Ying Wu, Yawen Tang and Wangjun Yi*

Department of Gynecology, The Third Hospital of Changsha, Changsha, Hunan, China

Background: Metabolic syndrome (MetS) is associated with a high risk of
endometrial cancer (EC). However, its impact on EC progression remains
unclear. This meta-analysis examined the association between MetS and
survival outcomes in EC patients.

Methods: A comprehensive search of PubMed, EMBASE, and Web of Science
databases up to May 22, 2024, was conducted. Two independent reviewers
performed study selection, data extraction, and quality assessment. Hazard ratios
(HRs) and 95% confidence intervals (Cls) were calculated using a random
effects model.

Results: Nine studies comprising 13,579 endometrial cancer (EC) patients were
included. Among these, 2,896 patients (21.3%) had MetS at the time of
enrollment. The follow-up durations ranged from 3.4 to 14.2 years. The results
showed that EC patients with MetS at baseline demonstrated significantly poorer
overall survival (HR = 1.57, 95% Cl = 119-2.07, p = 0.002; I> = 25%) and
progression-free survival (HR = 1.33, 95% Cl = 1.08-1.63, p = 0.007; |2 = 16%).
A similar association was observed for cancer-specific survival (HR = 1.26, 95% Cl
= 1.10-1.44, p = 0.001; 1> = 0%). Subgroup analyses based on study
characteristics showed consistent results across studies conducted in
countries with different follow-up durations.

Conclusion: This meta-analysis suggests that MetS is associated with poor
survival outcomes in EC patients. Further prospective studies are required to

validate our findings.

Systematic review registration: PROSPERO, identifier CRD42024561654.
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Introduction

Endometrial cancer (EC) is a significant global health burden
and the most common gynecological malignancy in developed
countries (1). Its incidence has been rising steadily, primarily due
to increasing obesity rates and aging populations (2, 3). EC typically
manifests in postmenopausal women and is notably associated with
hormonal imbalances, particularly estrogen dominance (4). The
prognosis varies widely depending on the disease stage at diagnosis,
with early-stage tumors generally having favorable outcomes due to
effective surgical interventions and adjuvant therapies (5-8).
However, advanced stages pose considerable challenges in
management and are often associated with poor survival rates,
despite aggressive treatment approaches (9).

Metabolic syndrome (MetS) comprises a cluster of related risk
factors including central obesity, hypertension, dyslipidemia, and
insulin resistance (10). This syndrome has garnered attention not
only for its role in cardiovascular disease, but also for its potential
impact on cancer development and progression (11). Epidemiological
studies have indicated that individuals with MetS are at increased risk
of several cancers (12), including EC (13, 14). The underlying
mechanisms linking MetS to cancer involve chronic inflammation,
hyperinsulinemia, and altered hormone metabolism, which
collectively create a tumor-promoting microenvironment (15, 16).

The association between MetS and cancer outcomes,
particularly EC, remains an area of active investigation (17).
Although MetS has been implicated in the pathogenesis of EC
through its influence on hormonal profiles and chronic
inflammation (18), its specific impact on survival outcomes of
patients with EC is less well defined. Understanding this
relationship is crucial as it may inform strategies for risk
stratification, treatment optimization, and patient counseling.
However, pilot studies on the effects of MetS on survival
outcomes in women with EC have yielded inconsistent results
(19-27). To address this knowledge gap, this meta-analysis
systematically evaluated existing evidence on the association
between MetS and survival outcomes in patients with EC.
Because of this knowledge gap, this meta-analysis aimed to
systematically evaluate existing evidence regarding the association
between MetS and survival outcomes in patients with EC.

Methods

This meta-analysis adhered to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA 2020) guidelines (28,
29) and the Cochrane Handbook for Systematic Reviews and Meta-
Analyses (30) throughout its design, data collection, statistical analysis,
and interpretation of the results. The meta-analysis protocol was
registered in PROSPERO (registration number CRD42024561654).

Data sources and search strategy
A comprehensive literature search was performed using

PubMed, EMBASE, and Web of Sciences to identify relevant
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cohort studies published from database inception to May 22,
2024. The search strategy included the combined terms of (1)
“metabolic syndrome” OR “insulin resistance syndrome” OR
“syndrome X”; (2) “endometrial” OR “uterine” OR “myometrial”;
(3) “cancer” OR “tumor” OR “neoplasm” OR “carcinoma” OR
“malignancy”; and (4) “survival” OR “death” OR “mortality” OR
“prognosis” OR “recurrence” OR “recurrent” OR “progression” or
“overall survival” OR “progression-free survival” OR “prospective”
OR “retrospective” OR “followed” OR “follow-up” OR
“longitudinal” OR “risk” OR “incidence.” Only studies published
in English as full-length articles in peer-reviewed journals were
included. In addition, the reference lists of the identified articles and
relevant reviews were screened to ensure comprehensive coverage.

Study selection

Studies were included if they met the following criteria and were
designed according to the PICOS model:

P (patients): women with a confirmed diagnosis of EC without
cancer stage or treatment limitations.

I (exposure): patients with MetS at baseline who were diagnosed
according to the criteria used in the original studies.

C (comparison): Patients without MetS at baseline.

O (outcome): reported at least one of the following outcomes
compared between patients with and without MetS at baseline:
overall survival (OS), progression-free survival (PFS), or cancer-
specific survival (CSS). OS was defined as the time from enrollment
to death from any cause. PFS was defined as the interval between
enrollment and first EC recurrence or progression. CSS was defined
as the time from enrollment to death, specifically from EC.

S (study design): longitudinal studies, including cohort studies,
nested case-control studies, and post-hoc analyses of clinical trials.

The exclusion criteria were reviews, editorials, meta-analyses,
preclinical studies, cross-sectional studies, studies involving patients
with cancers other than EC, and studies that did not report survival
outcomes. For studies with overlapping patient populations, the
study with the largest sample size was chosen for meta-analysis.

Quality evaluation and data extraction

Two authors independently performed literature search, study
identification, quality evaluation, and data collection. Disagreements
were resolved through discussion with the corresponding author to
reach a consensus. Study quality was assessed using the Newcastle-
Ottawa Scale (NOS) (31), which evaluates studies based on the
selection of the study population, comparability between groups, and
measurement of exposure. NOS scores ranged from 0 to 9, with higher
scores indicating better study quality. A score of 7-9 was considered
high quality. The data extracted from each study included study details
(authors, year, design, country), patient characteristics (sample size,
age, histological type of EC, tumor stage, main treatments), MetS
diagnostic criteria, number of patients with MetS at enrollment, follow-
up duration, reported outcomes, and variables adjusted for, to evaluate
the association between MetS and EC survival outcomes.
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Statistical analysis

The association between MetS and survival outcomes in EC was
summarized using hazard ratios (HRs) and 95% confidence
intervals (CIs). HRs and standard errors (SEs) were calculated
from 95% CIs or p-values, and logarithmic transformation was
applied to stabilize and normalize variance. Study heterogeneity was
assessed using the Cochrane Q test and I” statistics, with I* > 50%
indicating significant heterogeneity (32). Given the clinical
variability among the studies (e.g., patient characteristics,
treatments, and MetS definitions), a random-effects model was
used to account for between-study heterogeneity (30). Sensitivity
analyses were performed by sequentially omitting each study in
order to test the robustness of the results. A predefined subgroup
analysis was performed to evaluate how study characteristics, such
as country, tumor stage, and follow-up duration, affected the meta-
analysis outcomes, using medians as cutoffs for subgroup
definitions. Publication bias was initially assessed using funnel
plots and visual inspection of symmetry (33) followed by Egger’s

10.3389/fonc.2024.1484109

regression test (33). Statistical analyses were performed using
RevMan (Version 5.1; Cochrane Collaboration, Oxford, UK) and
Stata (version 12.0; Stata Corporation, College Station, TX, USA),
with a two-sided p-value < 0.05 considered statistically significant.

Results
Database search and study inclusion

The study inclusion process is illustrated in Figure 1. Initially,
729 potentially relevant records were retrieved from the three
databases, of which 158 were removed because of duplication.
After screening the titles and abstracts, 554 studies were excluded
primarily because they were not pertinent to the meta-analysis. Two
independent authors reviewed the full texts of the remaining 17
records and excluded eight additional studies for the reasons
detailed in Figure 1. Ultimately, nine longitudinal observational
studies were deemed suitable for quantitative analysis (19-27).

[ Identification of studies via databases and registers ]
M
_5 Records identified from:
‘g} Databases (n = 729) Records removed before screening:
= ® PubMed 176 Duplicate records removed
e ® Embase 207 (n=158)
S ®  Web of Science: 346
~—
A4
M
Records excluded (n = 554)
Records screened Reviews
(n=571) Editorials
Irrelevant studies
A4
Reports sought for retrieval Reports not retrieved
> (n=17) (n=0)
=
@
5
A \4
Reports assessed for eligibility Reports excluded:
(n=17) — > ® Including women with atypical
endometrial hyperplasia (n = 2)
®  Notin women with EC (n=1)
®  MetS not evaluated as
exposure (n = 2)
®  Survival outcome not reported
— (n=3)
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FIGURE 1
The flowchart shows the database search process and study inclusion.
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Characteristics of the included studies

Table 1 summarizes the characteristics of the included studies.
The meta-analysis included eight retrospective cohort studies (19,
20, 22-27) and one nested case-control study (21). These studies,
published between 2015 and 2024, were conducted in China, the
United States, Canada, Malaysia, and Germany. A total of 13,579
women with EC were included, with mean ages ranging from 52.5
to 74.8 years across the studies. Histologically, endometrioid EC
accounted for 85.4% of the included patients. Surgical resection was
the primary treatment in seven included studies (21, 23).
Comprehensive treatment involving surgery, chemotherapy,
radiotherapy, or hormone therapy was used in one study (21). In
contrast, another study did not mention the primary anticancer
treatment (23). The diagnostic criteria included National
Cholesterol Education Program Adult Treatment Panel III criteria
(20, 21), International Diabetes Foundation criteria (19, 22, 23, 25),
Chinese Diabetes Society criteria (24, 26), and clinically diagnosed
MetS based on the presence of its components (27). Accordingly,
2896 (21.3%) of the included patients had MetS at enrollment. The
mean follow-up duration was 3.4 to 14.2 years. The OS was reported
in seven studies (19, 21-25, 27), PFS in six studies (21, 23-27), and
CSS in two studies (20, 21). Multivariate regression analysis was
performed in eight studies when the association between MetS and
survival outcomes of EC was analyzed (19-22, 24-27). In contrast, a
univariate regression analysis was performed in another study (23).
The NOS scores for the included studies ranged from six to eight
stars, indicating an overall moderate to good study quality (Table 2).

Association between MetS and OS

Because one study separately reported the outcome of MetS
patients with and without impaired fasting plasma glucose (25),
these datasets were independently included in the meta-analysis.
The pooled results of eight datasets from seven studies (19, 21-25,
27) revealed that EC patients with MetS at enrollment had poorer
OS than those without MetS (HR = 1.57, 95% CI = 1.19-2.07, p =
0.002; I? = 25%; Figure 2A). The sensitivity analysis, by omitting one
study at a time, did not significantly change the results (HR: 1.41-
1.79, p < 0.05). Further subgroup analyses showed similar results in
studies from Asian and non-Asian countries (p for subgroup
difference = 0.60; Figure 2B), with and without patients with stage
IV EC (p for subgroup difference = 0.64; Figure 3A), and in studies
with a follow-up duration of < or > 5 years (p for subgroup
difference = 0.36; Figure 3B).

Association between MetS and PFS

A meta-analysis of seven datasets from six studies (21, 23-27)
indicated poor PFS in patients with EC who had MetS at enrollment
compared with those without MetS (HR = 1.33, 95% CI = 1.08-1.63,
p = 0.007; I* = 16%; Figure 4A). Sensitivity analysis, excluding one
dataset at a time, showed similar results (HR: 1.21-1.42, p < 0.05).
Further subgroup analyses showed similar results in studies from
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FIGURE 2

Forest plots for the meta-analysis of the association between MetS and OS in patients with EC: (A), forest plots for the overall meta-analysis;

(B), forest plots for the subgroup analysis according to the study country.

Asian and non-Asian countries (P for subgroup difference = 0.45;
Figure 4B) and studies with and without patients with stage IV EC

0.61; Figure 5A). Interestingly, a

(P for subgroup difference =
subgroup analysis suggested that the association between MetS
and PFS in women with EC was stronger in studies with a follow-
up duration of < 4 years than in those with a follow-up duration of >

4 years (p for subgroup difference = 0.02; Figure 5B).

Association between MetS and CSS

Because one study separately reported the outcome of CSS in
patients with early-stage and locally advanced EC (20), these
datasets were independently included in the meta-analysis. The
pooled results of three datasets from two studies (20, 21) suggested
that MetS was also associated with poor CSS in women with EC
(HR = 1.26, 95% CI = 1.10-1.44, p = 0.001; I = 0%; Figure 6).

Publication bias

Funnel plots for MetS associations with OS and PFS in EC
patients are shown in Figures 7A, B. The plots appeared
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symmetrical, suggesting minimal publication bias. Egger’s tests
further confirmed low publication bias for OS and PES (p = 0.59
and 0.33, respectively). Assessment of publication bias for CSS was
impossible because of the limited number of datasets (three).

Discussion

In this study, we systematically synthesized data from nine
longitudinal studies, and pooled analysis revealed a significant
association between MetS and adverse survival outcomes in
patients with EC, including poorer OS, PES, and CSS.
Specifically, EC patients with MetS at baseline exhibited a 57%
higher mortality risk than those without MetS, highlighting MetS
as a potential prognostic factor in EC management. The subgroup
analyses conducted in this meta-analysis provided further insights
into the consistency of the associations across different study
populations. Subgroups based on geographical location, disease
stage, and follow-up duration consistently showed that MetS
adversely affected EC survival outcomes, irrespective of these
variables. Sensitivity analyses confirmed the robustness of the
findings as the association between MetS and EC survival
outcomes remained significant when individual studies were
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FIGURE 3

Forest plots for subgroup analyses of the association between MetS and OS of patients with EC; (A), forest plots for subgroup analysis according to
whether patients with stage IV EC were included; (B), forest plots for subgroup analysis according to follow-up duration

omitted. These analyses underscored the reliability and validity of
the observed associations.

The association between MetS and EC survival outcomes can be
attributed to several underlying molecular mechanisms. MetS
components, such as central obesity, insulin resistance,
dyslipidemia, and hypertension, create a milieu conducive to
cancer progression (34). For instance, insulin resistance leads to
hyperinsulinemia and increased bioavailability of insulin-like
growth factors (IGFs), which promote cell proliferation and
inhibit apoptosis in cancer cells (35, 36). Moreover, adipose tissue
in MetS secretes pro-inflammatory cytokines and adipokines,
fostering a chronic inflammatory state that supports tumor
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growth and metastasis (37, 38). Collectively, these mechanisms
contribute to a more aggressive tumor phenotype and reduced
treatment response in patients with EC and MetS. Furthermore,
prior research has demonstrated that MetS significantly affects
postoperative complications among EC patients and may hinder
the achievement of disease-free status in some cases (39). Similarly,
recent studies have highlighted that the presence of MetS before
surgery can predict the likelihood of myometrial invasion in EC
(40). These insights contribute to our understanding of the potential
contribution of MetS to poor survival outcomes in patients with EC.
In addition, we acknowledge that the observed association between
MetS and poorer OS in patients with EC could be partly due to

frontiersin.org


https://doi.org/10.3389/fonc.2024.1484109
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Deng et al.

A

10.3389/fonc.2024.1484109

Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE_Weight 1V, Random, 95% CI 1V, Random, 95% CI

Kokts-Porietis 2020 0.04879016 0.22302104 17.8% 1.05[0.68, 1.63] -

Yang 2021 0.0861777 0.32853426  9.2% 1.09 [0.57, 2.08] -

Shafiee 2021 0.15700375 0.13987659 34.4% 1.17 [0.89, 1.54] =

Wang 2022 0.59332684 0.20663559 20.1% 1.81[1.21,2.71] —

Chen 2022 with FPG 0.16551444 0.49478079 4.3% 1.18 [0.45, 3.11] -

Chen 2022 without FPG 1.03673688 0.48069159  4.6% 2.82[1.10, 7.23] -

Shehaj 2024 0.40546511 0.32279126  9.5% 1.50 [0.80, 2.82] T

Total (95% CI) 100.0% 1.33 [1.08, 1.63] L 4

Heterogeneity: Tau? = 0.01; Chiz = 7.16, df = 6 (P = 0.31); 1= 16% — ‘ ‘ —

Test for overall effect: Z = 2.68 (P = 0.007) Bt 02 s e = e
B Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE_Weight 1V, Random, 95% Cl IV, Random, 95% CI

2.2.1 Asian countries

Yang 2021 0.0861777 0.32853426  9.2% 1.09 [0.57, 2.08] N

Shafiee 2021 0.15700375 0.13987659 34.4% 1.17 [0.89, 1.54] -

Wang 2022 0.59332684 0.20663559 20.1% 1.81[1.21,2.71] —

Chen 2022 with FPG 0.16551444 0.49478079  4.3% 1.18 [0.45, 3.11] -

Chen 2022 without FPG 1.03673688 0.48069159  4.6% 2.82[1.10, 7.23] DU

Subtotal (95% Cl) 72.7% 1.41 [1.06, 1.88] &

Heterogeneity: Tau? = 0.03; Chi?=5.91, df =4 (P = 0.21); 2= 32%

Test for overall effect: Z = 2.33 (P = 0.02)

2.2.2 Non-Asian countries

Kokts-Porietis 2020 0.04879016 0.22302104 17.8% 1.05[0.68, 1.63] -

Shehaj 2024 0.40546511 0.32279126  9.5% 1.50 [0.80, 2.82] T

Subtotal (95% Cl) 27.3% 1.18 [0.82, 1.69] <>

Heterogeneity: Tau? = 0.00; Chi? = 0.83, df =1 (P = 0.36); I>=0%

Test for overall effect: Z = 0.89 (P = 0.37)

Total (95% Cl) 100.0% 1.33[1.08, 1.63] 2

g 2= . Chiz = = = .12 = 189, } t } } } }
Heterogeneity: Tau? = 0.01; Chi?=7.16, df =6 (P =0.31); I?=16% 0102 05 1 2 5 10

Test for overall effect: Z =2.68 (P = 0.007)

Test for subaroup differences: Chi2 = 0.57. df =1 (P =0.45). 2= 0%

FIGURE 4

Forest plots for the meta-analysis of the association between MetS and PFS in patients with EC: (A), forest plots for the overall meta-analysis;

(B), forest plots for subgroup analysis according to the study country.

surgical undertreatment or non-adherence to clinical guidelines,
potentially driven by the complexity of managing multiple
comorbidities. Furthermore, it is plausible that other comorbidities
commonly associated with MetS, such as cardiovascular disease and
diabetes, may independently affect OS by reducing life expectancy.
However, it is important to note that there is no direct evidence in the
literature that confirms these hypotheses in the context of EC. Future
studies should explore the extent to which these factors may
contribute to disparities in survival among patients with EC
and MetS.

To our knowledge, this is the first meta-analysis to
systematically evaluate the impact of MetS on the survival
outcomes of patients with EC. Despite the strengths of this meta-
analysis, including its comprehensive search strategy and rigorous
methodology adhering to the PRISMA guidelines, several
limitations must be acknowledged. First, most of the included
studies were retrospective cohort studies, susceptible to selection
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and recall biases. In addition, variability in study design, definitions
of MetS, and treatment modalities across studies also introduced
heterogeneity that may have influenced the pooled effect estimates.
Additionally, although efforts were made to explore the sources of
heterogeneity through subgroup analyses, residual confounding
factors and unmeasured variables could not be fully excluded.
Moreover, owing to the limited number of available datasets, we
could not determine the influence of cancer histology and primary
treatment on the association between MetS and EC survival.
Further studies are required to confirm these findings. Finally,
because this was a meta-analysis of observational studies, a
causative relationship between MetS and poor prognosis of EC
could not be derived based on the findings.

Although large-scale prospective studies are needed to validate
our findings, their clinical implications may be significant for EC
management. Routine assessment of MetS components may be
integrated into the clinical evaluation of patients with EC to identify
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Forest plots for the subgroup analyses of the association between MetS and PFS of patients with EC; (A), forest plots for the subgroup analysis
according to whether patients with stage IV EC were included; (B), forest plots for the subgroup analysis according to the follow-up duration.

those at a higher risk of adverse outcomes. More importantly, it is
essential to evaluate whether the early recognition and management
of MetS through lifestyle modifications and pharmacological
interventions can improve metabolic parameters and subsequently

enhance treatment efficacy and patient survival. If confirmed,
clinicians should consider incorporating MetS management
strategies into personalized treatment plans for EC patients to
optimize outcomes.
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FIGURE 6

Forest plots for the meta-analysis of the association between MetS and CSS in patients with EC.
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FIGURE 7

Funnel plots for the meta-analysis of the associations of MetS with
OS and PFS in patients with EC: (A), funnel plots for the outcome of
OS; (B), funnel plots for the outcome of PFS.

Conclusion

In conclusion, this meta-analysis provides pilot evidence that
MetS is associated with poor survival outcomes in patients with EC.
These findings underscore the potential importance of addressing
metabolic health in EC management strategies and highlight the
potential impact of MetS on treatment response and overall
prognosis. Future studies should focus on elucidating the specific
molecular pathways linking MetS to EC progression, conducting
prospective studies to validate these findings, and exploring targeted
therapeutic interventions to mitigate the adverse effects of MetS on
EC outcomes.
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