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Abstract
Background. Glycated hemoglobin A1c (HbA1c) is a well-established marker for glycemic control; recent 
studies suggest its potential role in cancer prognosis. Understanding the relationship between preoperative 
HbA1c levels and lymph node metastasis (LNM) in diabetic women with endometrial cancer (EC) can enhance 
prognostic assessments and treatment strategies.

Objectives. This study aimed to evaluate the predictive value of preoperative HbA1c levels for LNM in diabetic 
women with EC.

Materials and methods. A retrospective analysis was conducted on 233 diabetic women who underwent 
surgery for endometrioid-type EC at a tertiary referral hospital between 2010 and 2021. Data collected 
included demographic information, fasting plasma glucose, HbA1c levels, ultrasound findings, and tumor 
characteristics. Receiver operating characteristic (ROC) analysis was used to assess the predictive power 
of HbA1c levels for LNM. Univariate and multivariate regression analyses were performed to identify inde-
pendent risk factors for LNM.

Results. The mean preoperative HbA1c level was 7.03 ±1.37%. A cutoff HbA1c level ≥7.26% demonstrated 
a sensitivity of 73.7%, a specificity of 72.3% and an area under the curve (AUC) of 0.781 for predicting 
LNM (p < 0.001). Significant correlations were found between HbA1c levels and endometrial thickness 
(r = 0.231, p < 0.001), primary tumor diameter (PTD) (r = 0.173, p = 0.008) and duration of diabetes 
(r = 0.203, p = 0.002). Multivariate analysis identified HbA1c level (odds ratio (OR) = 2.621, 95% confi-
dence interval (95% CI): 1.722–3.987, p < 0.001), lymphovascular space involvement (LVSI) (OR = 19.193, 
95% CI: 5.805–63.458, p < 0.001), body mass index (BMI) (OR = 1.095, 95% CI: 1.010–1.188, p = 0.029), 
and duration of diabetes (OR = 1.019, 95% CI: 1.001–1.301, p = 0.039) as independent risk factors for LNM.

Conclusions. Preoperative HbA1c levels serve as a significant predictor for LNM in diabetic women with 
EC. A cutoff HbA1c level ≥7.26% indicates higher risk of LNM. These findings underscore the importance 
of glycemic control in reducing cancer progression risks and improving the prognosis of diabetic patients 
with EC. Integrating HbA1c monitoring into preoperative assessments can help tailor personalized treatment 
strategies for better outcomes.
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Background

Diabetes mellitus is a significant global health prob-
lem, closely linked to the development and progression 
of various cancers.1 Among these, endometrial cancer (EC) 
stands out as the most common gynecological malignancy 
in industrialized countries.2 Epidemiological studies con-
sistently report an increased risk of developing EC in dia-
betic women.3 The interplay between diabetes and cancer 
is complex, with hyperinsulinemia, hyperglycemia and 
chronic inflammation believed to be common pathways 
that may contribute to both conditions.4–8 Hyperinsu-
linemia, in particular, is thought to promote tumor growth 
through increased insulin-like growth factor (IGF) signal-
ing, which can enhance cell proliferation and inhibit apop-
tosis.9,10 Additionally, elevated blood glucose levels may 
lead to the formation of advanced glycation end-products 
(AGEs), which can trigger inflammatory pathways that 
promote carcinogenesis.11

Glycated hemoglobin A1c (HbA1c) is a well-established 
marker used to assess long-term glycemic control.12 Be-
yond its role in diabetes management, elevated HbA1c 
levels have gained attention in the context of cancer prog-
nosis. Recent studies suggest that high HbA1c levels are 
associated with poorer outcomes in a variety of cancers, 
including breast, colorectal and pancreatic cancers.13–16 
In EC, studies have shown that elevated HbA1c levels 
may be associated with an increased risk of lymphovas-
cular space invasion (LVSI) and a more advanced cancer 
stage at the time of diagnosis.5,17–19 Additionally, HbA1c 
levels can be used in patients with endometrial intraepi-
thelial neoplasia (EIN) to help diagnose concurrent EC, 
as higher HbA1c may indicate the presence of malignancy 
or a higher likelihood of progression to invasive cancer.20

Due to the shared pathophysiological mechanisms be-
tween diabetes and EC, it is crucial to explore how HbA1c 
levels might influence cancer prognosis. Higher HbA1c 
levels could be indicative of more aggressive disease and 
a  higher likelihood of  lymph node metastasis (LNM), 
a critical factor in determining disease stage and guiding 
treatment decisions.10,12–14

Objectives

This study aimed to investigate the potential role of pre-
operative HbA1c levels as a predictor of LNM in diabetic 
women with EC. Given the established link between dia-
betes and the increased risk of EC, understanding how 
HbA1c levels correlate with tumor progression and metas-
tasis could provide valuable insights into patient prognosis.

Clinically, this research aims to enhance risk assess-
ment and treatment planning for diabetic women with EC. 
By identifying elevated HbA1c as a predictive marker for 
more aggressive disease and a higher likelihood of LNM, 
clinicians could better stratify patients, allowing for tai-
lored treatment approaches. This could lead to more inten-
sive monitoring and earlier interventions, ultimately im-
proving survival rates and reducing the risk of recurrence.

Materials and methods

Study design

A retrospective analysis was conducted on 1,163 EC pa-
tients who received primary treatment at the Gynecologic 
Oncology Clinic of Ankara Etlik City Hospital, Turkey, 
between March 2011 and August 2023.

Participants

From this cohort, 233  patients were selected based 
on  specific criteria, focusing on  diabetic individuals 
with endometrioid-type EC according to final pathologi-
cal results who had their HbA1c levels measured within 
3 months before surgery. Patients with non-diabetic, non-
endometrioid histology, irregular follow-up or incomplete 
data were excluded from the study.

Setting

Diabetes was diagnosed according to the American Dia-
betes Association (ADA) criteria: fasting plasma glucose 
level ≥126 mg/dL, HbA1c level ≥6.5% or a plasma glucose 
level ≥200 mg/dL 2 h post-glucose load.21

Highlights
	• Preoperative HbA1c levels were evaluated as a predictor of lymph node metastasis in diabetic women with endo-
metrial carcinoma.

	• Higher HbA1c levels were associated with an increased risk of lymph node metastasis.
	• The study highlights the potential role of glycemic control in endometrial cancer progression.
	• HbA1c may serve as a useful biomarker for risk stratification in diabetic women with endometrial carcinoma.
	• Findings suggest integrating HbA1c assessment into preoperative evaluations for better clinical decision-making.
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Cancer staging was classified based on the 2009 FIGO 
(Fédération Internationale de Gynécologie et d’Obstétrique) 
staging system.22 Surgical procedures for early-stage EC 
included: hysterectomy, bilateral salpingo-oophorectomy 
(adjusted for patient age), infracolic omental biopsy, and 
peritoneal washings tailored to specific histological sub-
types. During the study period, lymphadenectomy cases 
in our clinic were determined using a  frozen-section-
based approach, and no sentinel lymph node procedures 
were performed on any EC cases. The decision to perform 
lymph node dissection was guided by the criteria described 
by Mariani et al.23 Specifically, patients with a greatest 
surface dimension ≤2 cm, myometrial invasion ≤50% and 
no intraoperative evidence of macroscopic disease were 
classified as low risk and treated with hysterectomy only, 
without lymph node dissection. For cases that did not 
meet these criteria, lymph node dissection was performed. 
All operations were performed by gynecologic oncologists.

All EC patients underwent intraoperative frozen section 
evaluation to assess histopathologic type, grade and depth 
of myometrial invasion. Surgical specimens were exam-
ined by gynecologic pathologists. Lymphovascular space 
invasion was characterized by the presence of tumor cells 
or clusters within the vessel walls, as identified through 
hematoxylin and eosin (H&E) staining.24

Adjuvant treatment followed the guidelines of the Euro-
pean Society for Medical Oncology (ESMO), the European 
Society of Gynecological Oncology (ESGO) and the Euro-
pean Society for Radiotherapy and Oncology (ESTRO).25 
Disease-free survival (DFS) was calculated from the start 
of treatment to recurrence or last follow-up for non-recur-
rent cases, or to the date of death. Overall survival (OS) 
was measured from the time of diagnosis until either death 
or the most recent hospital admission.

Data sources

Patient follow-up records included: age, body mass in-
dex (BMI), menopausal status, fasting plasma glucose and 
HbA1c levels, ultrasound findings, surgery dates, LVSI 
status (based on postoperative pathology), cancer stage 
and grade, myometrial invasion, risk group classification, 
lymph node involvement, adjuvant therapy details, recur-
rence (location and timing), and deaths during follow-up.

Patients were monitored every 3  months during 
the 1st year and every 6 months during the 2nd year. Each 
visit included a physical examination, ultrasonography 
and review of laboratory parameters. Data were extracted 
from medical records.

Statistical analyses

All statistical analyses were conducted using IBM SPSS 
v. 23.0 (IBM Corp., Armonk, USA). Normality of the data 
was assessed using histograms and the  skewness and 
kurtosis values (see Supplementary data). Normally 

distributed quantitative data presented as mean ± standard 
deviation (±SD)  and qualitative data as frequency (percent-
age). Given the relatively large sample size of our study, 
we proceeded with t-tests for group comparisons. The use 
of t-tests was further justified by the central limit theorem 
(CLT), which supports the robustness of parametric tests 
under these conditions even with minor deviations from 
normality. To ensure reliability, we conducted sensitiv-
ity analyses to evaluate the potential impact of non-nor-
mality, confirming the appropriateness of the approach. 
Pearson’s χ2 test of independence was used for comparing 
categorical variables. Pearson correlation analysis was 
employed to  examine relationships between normally 
distributed variables with linear relationships. Receiver 
operating characteristic (ROC) analysis was performed 
to assess the predictivity of HbA1c levels for LNM, calcu-
lating sensitivity, specificity and cutoff values. According 
to the literature, increased age, BMI, lymphovascular space 
involvement, myometrial invasion, and primary tumor 
diameter (PTD) are recognized risk factors for lymph node 
metastasis in EC patients. Based on this, we included these 
variables, along with HbA1c, in our multivariate logistic 
regression analysis. This selection aimed to address po-
tential confounding factors and enhance the explanatory 
strength of the model. All data were analyzed with 95% 
confidence intervals (95% CIs), and statistical significance 
was assumed at p < 0.05.

Results

The median age at diagnosis was 57 years (range: 26–80 
years), with a majority of women being postmenopausal 
(68.2%). Among these women, 195 (83.6%) exhibited high 
fasting glucose levels, while 213 (93.5%) were classified 
as overweight and obese based on their BMI. Table 1 pro-
vides a comprehensive summary of demographic char-
acteristics, laboratory results and clinical outcomes 
of the study population. Additionally, the overview of tu-
mor characteristics is presented in Table 1. Figure 1 shows 
the comparison of HbA1c levels according to LNM.

Fig. 1. Comparison of glycated hemoglobin A1c (HbA1c) levels according 
to lymph node metastasis
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Table 2 compares patients based on preoperative HbA1c 
levels. Two groups were created according to ADA dia-
betes criteria of HbA1c (≥6.5%). There were no signifi-
cant differences in age, BMI and fasting glucose values 
between the groups (p > 0.05). However, the group with 
HbA1c ≥ 6.5% showed a higher prevalence of LVSI and 
MMI ≥ 50% (44 vs 7, 57 vs 19; p < 0.001, p = 0.004, respec-
tively) (Table 2). Notably, all patients with lymph node 
involvement and recurrence were in the HbA1c ≥ 6.5% 
group.

To evaluate the predictive value of preoperative HbA1c 
levels for LNM, a ROC analysis was performed. It revealed 

a sensitivity of 73.7% and a specificity of 72.3% at an opti-
mal cutoff HbA1c value of 7.26%. The area under the curve 
(AUC) was 0.781 (p < 0.001), indicating good discrimina-
tory power. These results suggest that preoperative HbA1c 
levels can reliably differentiate between patients with and 
without LNM (Fig. 2). 

Table 3 illustrates the correlation between HbA1c lev-
els and various variables. Significant positive correlations 
were observed between HbA1c and endometrial thickness, 
PTD, tumor stage and grade, number of pelvic and para-
aortic lymph nodes, and duration of diabetes (Table 3).

In multivariate logistic regression analysis, variables in-
cluding age, BMI, PTD, HbA1c level, LVSI, and myometrial 
invasion were assessed as potential risk factors for LNM. 
The  findings of  the  study indicated that HbA1c level, 
LVSI, and BMI were independent risk factors for LNM 
(odds ratio (OR) = 2.215, 95% CI: 1.657–3.539, p < 0.001; 

Table 2. Comparison of patient characteristics based on HbA1c levels 
according to American Diabetes Association (ADA) criteria (HbA1c ≥ 6.5%)

Variables HbA1c <6.5 %
(n = 90)

HbA1c ≥6.5 %
(n = 143) p-value

Age [years]*, mean ±SD 56.07 ±8.88 58.13 ±8.76 0.068

BMI [kg/m2]*, mean ±SD 34.19 ±6.46 33.62 ±6 0.471

Fasting glucose [mg/dL]*, 
mean ±SD

150.71 ±55.75 162.06 ±58.25 0.142

LVSI**, n (%)
(+) 7 (7.8) 44 (30.8)

<0.001
(–) 83 (92.2) 99 (69.2)

MMI**, n (%)
<50% 71 (78.9) 86 (60.1)

0.004
≥50% 19 (21.1) 57 (39.9)

LNM**, n (%)
(+) 0 38 (25.9)

<0.001
(–) 90 (100) 105 (74.1)

Recurrence**, 
n (%)

(+) 0 10 (7)
0.008

(–) 90 (100) 133 (93)

Stage**, n (%)
I 75 (83.3) 91 (63.6)

0.001
≥II 15 (16.7) 52 (36.4)

Grade**, n (%)

1 67 (74.4) 76 (53.1)

<0.0012 19 (21.1) 43 (30.1)

3 4 (4.4) 24 (16.8)

SD – standard deviation; HbA1c – glycated hemoglobin A1c; BMI – body 
mass index; LVSI – lymphovascular space involvement; MMI – myometrial 
invasion; LNM – lymph node metastasis; *Student’s t-test was used 
for the comparisons. **Pearson χ2 test was used for the comparisons. 
Values in bold are statistically significant.

Table 3. Correlations between HbA1c and clinical variables in endometrial cancer patients

Variable Glucose [mg/dL]
(n = 233)

BMI [kg/m2]
(n = 233)

Duration 
of diabetes [years]

(n = 233)

PTD [mm]
(n = 233)

Endometrial 
thickness [mm]

(n = 233)

Stage 
of tumor

Grade 
of tumor

HbA1c (%)
r = 0.067 r = –0.007 r = 0.203** r = 0.173** r = 0.231** r = 0.350** r = 0.367**

p = 0.308 p = 0.920 p < 0.002 p = 0.008 p < 0.001 p < 0.001 p < 0.001

**Correlation is significant at the 0.01 level (2-tailed); HbA1c – glycated hemoglobin A1c; BMI – body mass index; PTD – primary tumor diameter; 
r – Pearson’s correlation coefficient.

Table 1. Baseline demographic and clinical characteristics of endometrial 
cancer patients

Variables Mean ±SD

Age [years], mean ±SD 57.33 ±8.85 

BMI [kg/m2], mean ±SD 33.84 ±6.18

Fasting glucose [mg/dL], mean ±SD 157.68 ±57.44

HbA1c [%], mean ±SD 7.03 ±1.37

Endometrial thickness [mm], mean ±SD 13.59 ±8.98

Tumor diameter [mm], mean ±SD 31.67 ±23.06

Menopause, n (%) 159 (68.2)

Stage, n (%)

IA 131 (56.2)

IB 35 (15)

II 28 (12.1)

IIIC1 24 (10.3)

IIIC2 13 (5.5)

Grade, n (%)

1 143 (61.4)

2 62 (28)

3 28 (12)

LVSI, n (%)
(+) 51 (21.9)

(–) 182 (78.1)

MMI, n (%)
<50% 157 (67.4)

≥50% 76 (32.6)

LNM, n (%)
(+) 37 (15.9)

(–) 196 (84.1)

Recurrence, n (%) 10 (4.3)

DFS [months], n (%) 64 (6–118)

HbA1c – glycated hemoglobin A1c; BMI – body mass index; LVSI – lympho
vascular space involvement; MMI – myometrial invasion; LNM – lymph 
node metastasis; DFS – disease free survival; SD – standard deviation.
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χ2 = 19.373, 95% CI: 5.892–63.699, p < 0.001; χ2 = 1.085, 
95% CI: 1.006–1.171, p = 0.036; respectively). The results 
are summarized in Table 4.

Discussion

Our analysis of 233 cases of endometrioid EC revealed 
a significant association between elevated preoperative 
HbA1c levels and the risk of LNM, as well as between LVSI 
and the risk of LNM. Although the relationship between 
LVSI and LNM has been emphasized in numerous previous 
studies,23,25–28 our study suggests that diabetic EC patients 
with poor glycemic control, as reflected by higher preop-
erative HbA1c levels, are at an increased risk for LNM.

Several studies have shown that elevated HbA1c levels 
may increase the risk of various cancers, including EC.18,29–31 
A study by Senkaya et al. analyzed HbA1c levels and fasting 
glucose in 138 diabetic EC patients and found a significant 

association between HbA1c and LVSI, but no correlation 
with endometrial thickness. However, a low positive cor-
relation between fasting glucose and endometrial thick-
ness was noted.32 In contrast, our study identified sig-
nificant correlations between HbA1c and several clinical 
parameters, including endometrial thickness, PTD, tumor 
stage and grade, lymph node involvement, and duration 
of diabetes, further supporting the role of glycemic control 
in influencing the invasive potential of EC.

Other studies have examined the impact of elevated HbA1c 
levels on the prognosis of various cancers. For instance, Cheon 
et al. demonstrated that elevated HbA1c levels were associ-
ated with worse survival in patients with advanced pancreatic 
cancer and diabetes.33 Similarly, HbA1c has been identified 
as a potential preoperative predictor of aggressive tumor 
profiles in diabetic patients with clinically localized prostate 
cancer.34 Siddiqi et al. found that elevated HbA1c is an inde-
pendent predictor of aggressive colorectal cancer patterns.18 
In contrast, Nief et al. found that in diabetic patients with en-
dometrioid EC, glycemic control markers such as HbA1c, BMI 
and antihyperglycemic medications did not correlate with 
progression-free survival (PFS), while diabetic neuropathy was 
associated with an increased risk of recurrence.35 In a review 
of 55,475 EC patients, diabetes was linked to worse cancer-
specific and OS, reinforcing the notion that poor glycemic 
control may influence EC prognosis.36 However, discrepancies 
in findings, such as those observed by Nief et al., highlight 
the need for further exploration of the role of HbA1c in cancer 
progression, particularly in EC.

Despite these findings, the relationship between HbA1c 
and cancer stage, grade and histological type in diabetic 
patients remains underexplored. Karaman et al. reported 
significantly higher HbA1c levels in EC patients compared 
to controls, but no significant correlation with tumor stage, 
grade or histological type.19 Similarly, Stevens et al. observed 
a trend of more advanced stages in patients with elevated 
HbA1c; however, HbA1c was not a strong predictor of EC 
prognosis.5 Folsom et al. showed that diabetes mellitus is as-
sociated with worse survival after EC, independent of tumor 
stage and grade.37 However, their study did not examine 
HbA1c or glucose levels. In contrast, our study identified 
a clear correlation between elevated preoperative HbA1c 
levels and both tumor stage and grade, as well as lymph node 

Fig. 2. Receiver operating characteristic (ROC) analysis of glycated 
hemoglobin A1c (HbA1c) in predicting lymph node metastasis (area 
under the curve (AUC): 78.1, p < 0.001, 95% confidence interval (95% CI): 
0.696–0.866,  cutoff: 7.26, sensitivity: 73.7%, specificity: 72.3%)

Table 4. Multivariate logistic regression analysis of predictors for lymph node metastasis in endometrial cancer

Variable B ß Lower 95% CI Upper 95% CI p-value

Age [years] –0.018 0.982 .926 1.041 0.537

BMI [kg/m2] 0.082 1.085 1.006 1.171 0.036

HbA1c 0.884 2.215 1.657 3.539 <0.001

LVSI 2.964 19.373 5.892 63.699 <0.001

Myometrial invasion 0.295 1.343 0.413 4.364 0.624

Primary tumor diameter [mm] –0.102 0.903 0.724 1.127 0.367

95% CI – 95% confidence interval; HbA1c – glycated hemoglobin A1c; BMI – body mass index; LVSI – lymphovascular space invasion; B – unstandardized 
regression coefficient; ß – standardized regression coefficient. Values in bold are statistically significant.
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involvement, suggesting that HbA1c may serve as a valuable 
prognostic biomarker in diabetic EC patients.

The potential mechanisms linking diabetes, poor gly-
cemic control and cancer progression are multifactorial.3 
Hyperglycemia has been shown to create a favorable mi-
croenvironment for tumor growth by  inducing oxida-
tive stress, inflammation and angiogenesis.4–8 Glycolysis 
enhances glucose metabolism in cancer cells, supplying 
substrates essential for rapid proliferation.11 Han et al. sug-
gested that glucose stimulates cell proliferation through 
several complex signaling pathways, supporting the hy-
pothesis that elevated glucose levels may increase cancer 
risk.8 Furthermore, chronic hyperglycemia can elevate pro-
inflammatory cytokine levels, facilitating tumor cell inva-
sion and metastasis.6–9 Hyperinsulinemia and insulin re-
sistance, both hallmarks of diabetes, may also play pivotal 
roles by activating the insulin/IGF-1 pathway, which pro-
motes cell growth and survival.9,10 These mechanisms have 
been implicated in other malignancies, including breast, 
genitourinary and gastrointestinal cancers, and may also 
contribute to the aggressive behavior of EC in diabetic 
patients.38 Mitsuhashi et al. reported common impaired 
glucose metabolism and insulin resistance (IR) in patients 
with endometrial intraepithelial neoplasia (EIN) and EC.39

Limitations

The retrospective design and reliance on medical records 
for data collection are the main limitations of our study. 
As a result, the assessment of preoperative HbA1c’s im-
pact on long-term survival was not feasible. Additionally, 
the follow-up of patients has not been completed yet, pre-
venting the evaluation of HbA1c’s prognostic significance 
on survival. Future investigations are planned to address 
these limitations and provide a more comprehensive under-
standing of the relationship between preoperative HbA1c 
levels and long-term outcomes in diabetic EC patients.

Conclusions

The findings indicate that inadequate glycemic control, 
as demonstrated by elevated HbA1c levels, could be a sig-
nificant prognostic factor, impacting tumor behavior and 
metastasis. This highlights the potential clinical applica-
tion of HbA1c as a biomarker to guide treatment decisions, 
such as identifying patients at higher risk for aggressive 
disease who may benefit from more intensive surgical 
or adjuvant therapies. Additionally, the study contributes 
to the growing body of literature on the role of diabetes 
and glycemic control in cancer prognosis.
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