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Objective: This study analyzed metabolic factors associated with lymphovascular space invasion (LVSI) and compared the difference 
between type 1 and type 2 endometrial cancer (EC).
Methods: Four hundred patients primarily diagnosed with EC who underwent hysterectomy with pathological results at Fujian 
Medical University Cancer Hospital from January 2019 to January 2021 were included. Demographic variable data were collected as 
well as pathological results. Laboratory evaluations included fasting blood glucose (FBG), serum cholesterol (TC), triglyceride (TG), 
high-density lipoprotein (HDL), low-density lipoprotein (LDL), apolipoprotein A (Apo A) and apolipoprotein B (Apo B). 
Characterization of binary logistic regression models was used to test the odds ratios (ORs) between LVSI and its metabolic 
parameters with different subtypes of EC.
Results: The results indicated that CA125, ROMA, Ki67 score, FBG and TC were higher in EC patients with LVSI (all p<0.05). 
Negative ER and PR expression was positively associated with LVSI (P<0.05). CA125, ROMA, FBG, TC and ER were found to be 
independent risk factors for LVSI. CA125, ROMA and FBG were significantly elevated in type 1 EC patients with LVSI compared 
with those without LVSI (all p<0.05). TC and Ki67 scores were much higher in type 2 EC patients with vs without LVSI (all p<0.05). 
Negative PR expression was positively related to both type 1 and type 2 EC patients with LVSI. Consequently, CA125, ROMA, FBG 
and Apo B were found to be independent risk factors for LVSI in type 1 EC, and TC was found to be an independent risk factor for 
LVSI in type 2 EC.
Conclusion: FBG and TC were both independent risk factors for LVSI in EC. FBG and Apo B were independent risk factors for 
LVSI in type 1 EC. TC was an independent risk factor for LVSI in type 2 EC.
Keywords: endometrial cancer, metabolic risk factor, glucolipid metabolism, metastasis

Introduction
Endometrial cancer (EC) is one of the most common obesity-related tumors in women. In 2022, the incidence and 
mortality of EC in the USA ranked first and second, respectively, among female reproductive system tumors.1 In the past 
two decades, the incidence of EC in China has also shown a gradual increase.2 With the development of the economy, 
obesity and diabetes have become important public health problems in China.3 Obesity, diabetes and overweight are also 
reported to be adverse factors for the invasion and metastasis of EC.4 Recently, metabolic syndrome was reported to be 
an adverse prognostic factor for EC. A meta-analysis showed that metabolic syndrome was strongly associated with an 
increased risk of EC in women (relative risk: 1.89, 95% confidence interval: 1.34–2.67).5 Kitson et al suggested that EC 
patients were more likely to have obesity, high blood sugar, and a total cholesterol (TC)/high-density lipoprotein 
cholesterol (HDL) ratio >4.5 than those without EC.6 According to the diagnostic criteria of metabolic syndrome 
proposed by the Diabetes Society of Chinese Medical Association in 2004,7 accumulated studies have shown that 
glucolipid metabolism is closely associated with poor prognosis of EC. In a hyperglycemic environment, Drp1 impaired 
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the mitochondrial function of EC cells to increase GLUT4 and VEGF expression, which promoted EMT and upregulated 
estrogen to accelerate the development of EC.8,9 Wang et al found that four metabolic subtypes based on the glucose- 
cholesterol synthesis axis could predict EC patient clinical outcomes by RNA sequencing. A total of 1204 samples, 
including endometrial cancer, were divided into four metabolic subtypes (quiescent, glycolysis, cholesterol, and mixed). 
In terms of survival analysis, the prognosis of the cholesterol subtype was better than that of the quiescent subtype.10

Lymph-vascular space invasion (LVSI) is a poor prognostic factor for EC. EC patients with LVSI are more likely to 
relapse11 and experience lymph node metastasis (LNM) and invasion.12,13 A cohort study based on prospectively 
recorded data identified LVSI as the strongest independent risk factor for LNM and reduced survival in EC patients.14 

Clinical studies suggest that adjuvant external irradiation and/or chemotherapy should be considered for stage I EC with 
a large amount of LVSI.15 It has been reported that metabolic syndrome can increase the risk of EC, which is more prone 
to myometrium invasion and LNM.16–18 However, it has not been reported whether obesity, diabetes and other metabolic 
disorders are related to the LVSI of EC.

We aimed to evaluate whether these metabolic indices were independent risk factors for LVSI in EC and compared 
the differences in metabolic risk factors among different subtypes of EC to improve the stratified management of 
metabolic risk in EC.

Patients and Methods
Subjects
The current study retrospectively included patients who were diagnosed with EC primarily at Fujian Medical University 
Cancer Hospital, Fujian Cancer Hospital from January 2019 to January 2021 and those who had immunohistochemical 
pathological results (n=473). The exclusion criteria included the following: 1) other malignant tumors or a history of 
other malignant tumors (n=7); 2) accompanied by other diseases related to metabolic disease, such as liver diseases, 
nephrotic syndrome, and thyroid diseases. (n=8); 3) preoperative chemotherapy, radiotherapy or hormone therapy (n=23); 
and 4) loss to follow-up (n=35). A total of 400 patients were included. We obtained informed consent from all included 
patients. The Ethics Committee of Fujian Medical University Cancer Hospital, Fujian Cancer Hospital approved the 
study, which was conducted according to the principles of the Declaration of Helsinki (no. K2022-026-01).

Study Design and Data Collection
Data on demographic and clinical indicators were collected from the Fujian Medical University Cancer Hospital, Fujian 
Cancer Hospital information system. We performed the study as shown in Figure 1. The collected data included age, 
menopausal status, body mass index (BMI), cancer antigen 125 (CA125), human epididymis protein 4 (HE4), risk 
ovarian malignancy algorithm (ROMA), fasting blood glucose (FBG), triglyceride (TG), total cholesterol (TC), low 
density lipoprotein (LDL), high density lipoprotein (HDL), apolipoprotein A (Apo A), apolipoprotein B (Apo B), history 
of diabetes and hypertension, International Federation of Gynecology and Obstetrics (FIGO) stage, pathology grade, 
lymphovascular space invasion (LVSI) and the expression levels of estrogen receptor (ER), progesterone receptor (PR), 
and Ki67 in EC tissue. Pretreatment lipid profiles were measured in 8-hour and above fasting blood samples within 
a week before any intervention. Tumor staging was classified in accordance with the 2009 International Federation of 
Gynecology and Obstetrics (FIGO) classification.19 Tumor grade and histological classification were assigned based on 
the 2003 WHO classification of tumors.20 The types of endometrial cancer were identified based on Bokhman.21

Statistical Analysis
Statistical analysis was performed with SPSS 22.0 (IBM Corp., Armonk, NY, USA). Variables with approximately normal 
distributions are presented as the mean ± SD, and those with skewed distributions are presented as the median and interquartile 
range (25th–75th percentile). Categorical variables are presented as percentages (numbers). Continuous variables were 
analyzed by Student’s t-tests or Mann–Whitney U-tests. Chi-square tests or Fisher’s exact tests were used to analyze the 
categorical variables. A receiver operating characteristic (ROC) curve was generated for the cutoff point of the continuous 
data. The significance of the obtained cutoff values associated with LVSI was tested by performing both univariate and 
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multivariate binary logistic regression analyses. Associations between the significant index and LVSI were studied by using 
multivariate logistic regression analysis. The odds ratios (ORs) and 95% confidence intervals (95% CIs) were adjusted for age, 
FIGO and tumor grade at diagnosis. Statistical significance was inferred from two-sided P values <0.05.

Results
Baseline Characteristics of EC Patients with or Without LVSI
Clinical data of EC patients with LVSI are shown in Table 1. In total, 38 (9.5%) of the 400 EC patients were diagnosed 
with LVSI. The incidence of LVSI in EC patients was not related to age, BMI, pregnancy and menopause status, diabetes, 
hypertension or HE4. (all p > 0.05). However, tumor biomarkers, such as CA125 and ROMA, were obviously higher in 
patients with LVSI than in those without LVSI (p<0.001, p=0.029). HE4 was not significantly elevated, and ROMA rose 
remarkably, which was most likely caused by CA125. Thus, CA125 is an important tumor biomarker associated with 
LVSI in EC. The expression levels of immunohistochemical indicators, such as ER and PR, were significantly higher in 
patients without LVSI than in those with LVSI (p<0.001). Conversely, Ki67 scores were much higher in those with LVSI 
(p=0.038, Table 1).

Independent Risk Factors for LVSI in EC Patients
To evaluate the relationship between metabolic indices and LVSI, serum FBG and lipid profiles were analyzed. FBG and TC 
were higher in patients with LVSI than those without LVSI (all p<0.05). Apo B was also included because it was nearly 
significantly associated with LVSI (p=0.089, Table 2). The continuous data were dichotomized for subsequent analyses using 
ROC curve analysis and the Youden Index. The cutoff values for statistically significant LVSI-related indicators, including 
CA125, HE4, ROMA, Ki67, FBG, TC, Apo B, ER and PR, were identified. Then, significant factors from the univariate 

Figure 1 The flowchart of inclusion and exclusion criteria of the study population. 
Abbreviations: EC, Endometrial cancer; LVSI, lymphovascular space invasion; FBG, fast blood glucose; CA125, cancer antigen 125; HE4, human epididymis protein 
4; ROMA, risk of ovarian malignancy algorithm; BMI, body mass index.
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analysis were included in the multivariate analysis. After adjusting for age, FIGO stage, tumor grade, CA125 odds ratio 
(OR) = 5.176, 95% CI: 2.234–11.989, p = 0.001], ROMA (OR = 12.67, 95% CI: 2.147–74.494, p = 0.005), FBG (OR = 3.095, 
95% CI: 1.139–8.414, p = 0.027), TC (OR = 3.729, 95% CI: 1.413–9.840, p = 0.008), and positive ER expression (OR=0.349, 
95% CI: 0.154–0.792, p=0.012) were independent risk factors for LVSI in EC patients (Table 3).

Metabolic Characteristics in Different Subtypes of EC Patients with or Without LVSI
To further explore the clinical application value of the LVSI, we analyzed EC patients according to the expression level 
of ER. Based on the Bokhman criterion, 275 (61.75%) of the 400 EC patients were diagnosed with ER+ and thus had 
type 1 EC. The results showed that the LVSI was closely related to CA125, ROMA, FBG and PR positivity in EC 
patients with ER+ (all p < 0.05, Table 4). In EC patients with ER-, who had type 2 EC, the LVSI was associated with TC, 

Table 1 Clinicopathological Characteristics in EC Patients with LVSI or Not

Variables LVSI+ (n=38) LVSI- (n=362) p

Age (Years) 55.50 (49.75–59.00) (n=38) 54.00 (49.00–59.00) (n=362) 0.608
BMI (Kg/m2) 24.01 (23.03–26.46) (n=37) 24.24 (22.17–26.56) (n=280) 0.799

Gravida (Times) 2.50 (2.00–3.25) (n=38) 3.00 (2.00–4.00) (n=361) 0.630

Parity (Times) 2.00 (1.00–2.00) (n=38) 2.00 (1.00–3.00) (n=361) 0.396
Menopause 0.430

Yes 71.05% (27/38) 64.64% (234/362)

No 28.95% (11/38) 35.36% (128/362)
Hypertension 0.463

Yes 34.21% (13/38) 40.33% (146/362)
No 65.79% (25/38) 59.67% (216/362)

Diabetes Mellitus 0.551

Yes 18.42% (7/38) 22.65% (82/362)
No 81.58% (31/38) 77.35% (280/38)

CA125 (U/L) 33.80 (20.20–78.73) (n=38) 18.80 (12.40–33.23) (n=466) <0.001

HE4 (U/L) 87.08 (41.58–144.21) (n=14) 56.60 (40.86–90.87) (n=136) 0.175
ROMA 36.50 (11.97–69.23) (n=12) 14.30 (7.10–27.65) (n=121) 0.029

ER <0.001

Positive (+~+++) 42.11% (16/38) 71.55% (259/362)
Negative (-/±) 57.89% (22/38) 28.45% (103/362)

PR <0.001

Positive (+~+++) 52.63% (20/38) 83.43% (302/362)
Negative (-/±) 47.37% (18/38) 16.57% (60/362)

Ki67 (%) 50 (30–70) (n=38) 40 (25–60) (n=358) 0.038

Note: The values are presented as median (interquartile range) or number (%). 
Abbreviations: LVSI, lymphovascular space invasion; BMI, body mass index; CA125, carbohydrate antigen; HE4, Human epididymis 
protein 4; ROMA, risk of ovarian malignancy algorithm; ER, estrogen receptor; PR, progesterone receptor.

Table 2 Characteristics of Serum Metabolic Indexes in EC Patients by LVSI or Not

Variables LVSI+ (n=38) LVSI- (n=362) p

FBG (mmol/L) 5.33 (5.03–6.34) (n=38) 5.13 (4.74–5.72) (n=362) 0.034

TG (mmol/L) 1.24 (0.81–1.81) (n=38) 1.30 (0.97–1.87) (n=361) 0.309
TC (mmol/L) 5.28 (4.79–5.98) (n=38) 4.88 (4.29–5.50) (n=360) 0.018

LDL (mmol/L) 3.47 (2.39–3.80) (n=27) 2.85 (2.29–3.42) (n=244) 0.127
HDL (mmol/L) 1.44 (1.21–1.63) (n=32) 1.36 (1.18–1.60) (n=318) 0.490

Apo A (mmol/L) 1.25 (1.17–1.37) (n=32) 1.22 (1.10–1.36) (n=312) 0.435

Apo B (mmol/L) 1.05 (0.84–1.30) (n=32) 0.95 (0.80–1.11) (n=311) 0.089

Note: The values are presented as median (interquartile range) or number (%). 
Abbreviations: FBG, fasting blood glucose; TG, Triglyceride; TC, total cholesterol; LDL, low density lipoprotein; HDL, high density 
lipoprotein; Apo A, apolipoprotein A; Apo B, apolipoprotein B.
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Table 3 Logistic Regression Analysis Independent Risk Factors of LVSI in EC

Variables OR Unadjust (95% CI) p OR Adjust (95% CI) p Adjust

CA125
<28.85 U/LR 4.633 (2.404–8.931) <0.001 5.176 (2.234–11.989) <0.001

≥28.85 U/L

HE4
<75.48 U/LR 4.300 (1.485–12.455) 0.007 3.85 (0.849–17.467) 0.081

≥75.48 U/L

ROMA
<29.25R 7.369 (2.311–23.495) 0.001 12.647 (2.147–74.494) 0.005

≥29.25
Ki67

<45%R 2.098 (1.051–4.187) 0.036 1.292 (0.560–2.980) 0.548

≥45%
FBG

<4.97 mmol/LR 2.694 (1.221–5.946) 0.014 3.095 (1.139–8.414) 0.027

≥4.97 mmol/L
TC

<4.81 mmol/LR 2.385 (1.171–4.855) 0.017 3.729 (1.413–9.840) 0.008

≥4.81 mmol/L
Apo B (mmol/L)

<1.22 mmol/LR 3.265 (1.471–7.247) 0.004 2.373 (0.835–6.742) 0.105

≥1.22 mmol/L
ER

Negative (-/±)R 0.289 (0.146–0.573) <0.001 0.349 (0.154–0.792) 0.012

Positive (+~+++)
PR

Negative (-/±)R 0.221 (0.110–0.442) <0.001 0.483 (0.180–1.301) 0.150

Positive (+~+++)

Notes: Data are presented as OR (95% CI). OR adjust (95% CI): adjusted for age, FIGO stage and tumor grade; p adjust, 
adjusted for age, FIGO stage and tumor grade; RTake it as the reference. 
Abbreviations: OR, odds ratio; CI, confidence interval.

Table 4 Clinicopathological and Metabolic Characteristics in Different Subtype of EC Patients with LVSI or Not

Type 1 EC (n=275) Type 2 EC (n=125)

LVSI+ (n=16) LVSI- (n=259) p LVSI+ (n=22) LVSI- (n=103) p

Menopause 0.063 0.660
Yes 87.50% (14/16) 64.86% (168/259) 59.09% (13/22) 64.08% (66/103)

No 12.50% (2/16) 35.14% (91/259) 40.91% (9/22) 35.92% (37/103)

CA125 (U/L) 42.25 (27.67–161.75) 19.10 (12.43–31.80) 0.001 29.85 (17.4–61.88) 18.40 (12.30–36.00) 0.094
HE4 (U/L) 88.81 (50.63–279.38) 59.04 (41.91–90.87) 0.122 78.33 (35.13–111.08) 55.02 (37.10–90.60) 0.548

ROMA 49.40 (15.8–86.1) 15.25 (8.13–29.45) 0.036 36.00 (6.10–54.80) 10.90 (5.05–22.75) 0.342

FBG (mmol/L) 5.65 (5.11–6.80) 5.17 (4.79–5.71) 0.015 5.20 (4.79–5.78) 4.97 (4.67–5.85) 0.282
TG (mmol/L) 1.49 (1.00–1.97) 1.34 (0.99–2.07) 0.784 1.03 (0.77–1.55) 1.25 (0.96–1.65) 0.227

TC (mmol/L) 5.05 (4.92–5.98) 4.92 (4.34–5.61) 0.248 5.43 (4.65–6.03) 4.71 (4.12–5.23) 0.110

LDL (mmol/L) 3.20 (2.32–4.23) 2.88 (2.26–3.46) 0.362 3.48 (2.27–3.69) 2.81 (2.39–3.24) 0.255
HDL (mmol/L) 1.44 (1.15–1.61) 1.36 (1.19–1.61) 0.902 1.43 (1.22–1.71) 1.38 (1.13–1.59) 0.337

Apo A (mmol/L) 1.26 (1.20–1.34) 1.22 (1.11–1.36) 0.552 1.23 (1.12–1.42) 1.23 (1.07–1.37) 0.573

Apo B (mmol/L) 1.07 (0.87–1.39) 0.96 (0.80–1.11) 0.078 1.05 (0.74–1.23) 0.92 (0.79–1.08) 0.479
Ki67 (%) 40.00 (30.00–65.00) 40.00 (30.00–60.00) 0.960 60.00 (50.00–70.00) 40.00 (20.00–70.00) 0.025

PR 0.002 0.036

Positive (+~+++) 62.50% (10/16) 89.15% (230/258) 45.45% (10/22) 68.93% (71/103)
Negative (-/±) 37.50% (6/16) 10.85% (28/258) 54.56% (12/22) 31.07% (32/103)

Note: The values are presented as median (interquartile range) or number (%).
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Ki67 and PR positivity (all p < 0.05, Table 4). Compared with type 1 EC, LVSI is more common in type 2 EC. Generally, 
LVSI in type 1 EC is related to FBG in addition to tumor biomarkers, including CA125 and ROMA, which are mainly 
affected by CA125. LVSI in type 2 EC was associated with TC in addition to the Ki67 score. These results indicated that 
CA125, as a serum tumor biomarker, may play a role in detecting LVSI in type 1 EC. Importantly, the difference in 
metabolic phenotype may affect the LVSI of different subtypes of EC.

Independent Risk Factors for LVSI in Type 1 and Type 2 EC
The significant factors with p<0.100, such as CA125, ROMA, FBG, Apo B and PR expression related to type 1 EC, and the 
significant indicators, such as TC, Ki67 score and PR expression related to type 2 EC, were included in univariate and multivariate 
logistic regression analyses. The continuous data were dichotomized for subsequent analyses using ROC curve analysis and the 
Youden Index. The cutoff values for statistically significant LVSI-related indicators, including CA125, ROMA, FBG, Apo B, TC, 
Ki67 and PR, were reidentified, as shown in Table 5. After adjusting for age, FIGO stage, and tumor grade, CA125 (OR = 11.257, 
95% CI: 2.375–53.363, p = 0.002), ROMA (OR = 16.777, 95% CI: 1.405–200.289, p = 0.026), FBG (OR = 3.608, 95% CI: 1.150– 
11.323, p = 0.028) and Apo B (OR = 3.969, 95% CI: 1.044–15.083, p = 0.043) were independent risk factors for type 1 EC, while 
TC (OR = 5.791, 95% CI: 1.376–24.364, p = 0.017) was an independent risk factor for type 2 EC.

Table 5 Logistic Regression Analysis Independent Risk Factors for LVSI in Different Subtype of EC

Variables OR Unadjust (95% CI) p OR Adjust (95% CI) p Adjust

Type 1 EC

Menopause
NoR 3.792 (0.843–17.051) 0.082 2.980 (0.530–16.753) 0.215

Yes

CA125
<24.30 U/LR 13.186 (2.929–59.362) 0.001 11.257 (2.375–53.363) 0.002

≥24.30 U/L

ROMA
<29.10R 7.500 (1.353–41.574) 0.021 16.777 (1.405–200.289) 0.026

≥29.10

FBG
<6.19 mmol/LR 4.523 (1.589–12.874) 0.005 3.608 (1.150–11.323) 0.028

≥6.19 mmol/L

Apo B
<1.22 mmol/LR 4.916 (1.557–15.520) 0.007 3.969 (1.044–15.083) 0.043

≥1.22 mmol/L

PR
Negative (-/±)R 0.203 (0.069–0.601) 0.004 0.382 (0.087–1.687) 0.204

Positive (+~+++)

Type 2 EC
CA125

<17.80 U/LR 3.143 (1.078–9.165) 0.036 1.979 (0.474–8.271) 0.349

≥17.80 U/L
TC

<5.38 mmol/LR 6.000 (2.235–16.109) <0.001 5.791 (1.376–24.364) 0.017

≥5.38 mmol/L
Ki67

<45%R 5.185 (1.637–16.426) 0.005 3.447 (0.755–15.740) 0.110

≥45%
PR

Negative (-/±)R 0.376 (0.147–0.959) 0.041 0.751 (0.185–3.043) 0.688

Positive (+~+++)

Notes: Data are presented as OR (95% CI). OR adjust (95% CI): adjusted for age, FIGO stage and tumor grade; p adjust, adjusted 
for age, FIGO stage and tumor grade; RTake it as the reference.
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Discussion
The prognosis of early EC is generally good, but the prognosis of those with invasion and metastasis is poor.22 LVSI is 
a clinicopathological feature closely related to LNM, progression-free survival and overall survival of EC.23 At the same time, 
studies have shown that metabolic disorders can increase the risk of EC and tumor progression. Case–control studies in China 
showed that EC was positively associated with total serum cholesterol, triglycerides (TGs), low-density lipoprotein choles-
terol, and dyslipidemia but negatively associated with HDL. They also observed an increased risk of type 1 EC women with 
BMI≥24.58 compared with those with BMI<24.58.24 Significant increases in lipid biosynthesis and lipid peroxidation were 
found in obese individuals, and obese status promoted tumor invasiveness in EC mouse models.25 Yang et al cultured Ishikawa 
cells with high glucose and found that high glucose promoted the progression of EC.26 Simon et al suggested that lowering the 
burden of cardiovascular risk factors (including high cholesterol) may help intervene in the incidence of EC by a 10-year 
follow-up.27 In this study, significant differences in FBG and TC were found in EC patients with and without LVSI. The 
relationship between glucose metabolism disorder and EC LVSI has not been reported before. This study is the first to suggest 
that blood glucose and dyslipidemia are associated with LVSI and that both are independent risk factors for LVSI in EC. In 
addition to metabolic risk factors, we identified CA125, ROMA, and ER as independent risk factors for EC with LVSI. A study 
has shown that CA125 and HE4 are independent risk factors for LVSI in postmenopausal stage 1 EC.28 Consistent with this 
finding, we found that CA125 was more effective in predicting LVSI in type 1 EC. However, ROMA was a risk score 
calculated by CA125 and HE4. Here, ROMA was shown to be an independent risk factor for LVSI in type 1 EC, mainly 
resulting from the effect of CA125.

ER, as an important prognostic factor of hormone-dependent tumors, is closely related to LVSI.29 Positive ER 
expression was the advantageous factor for LVSI of EC, which inspired us to classify EC according to the expression of 
ER. In our research, the incidence of LVSI in type 2 EC was higher (17.60%) than that in type 1 EC (6.18%). Similarly, 
Jaishankar et al claimed that substantial LVSI had a high incidence in type 2 EC and predicted LNM and worse clinical 
outcomes.30 Interestingly, we found that the independent risk factors for LVSI were diverse in type 1 and 2 EC. FBG and 
Apo B were independent risk factors for LVSI in type 1 EC, while TC was an independent risk factor for LVSI in type 2 
EC. These results indicated that glycol metabolism played a vital role in the LVSI of type 1 EC that was dominated by 
endometrioid adenocarcinoma. Dai et al found that diabetes was more common in LVSI-positive patients with endo-
metrial adenocarcinoma.31 Excess body weight was associated with both type 1 and type 2 EC in a weight-dependent 
manner, and the association was significantly stronger in type 1 EC.32

On the other hand, lipid metabolism played an important role in the LVSI of type 2 EC, mainly consisting of nonendometrioid 
adenocarcinoma. Many studies have shown that cholesterol is closely related to the metastasis of hormone-dependent tumors, 
such as prostate cancer,33 breast cancer,34 and EC.35 In addition, Kho et al performed a bidirectional, two-sample Mendelian 
randomization analysis to investigate the relationship between levels of three blood lipids and EC risk in a large population. They 
suggested that an increase in serum LDL reduced the risk of nonendometrioid adenocarcinoma, whereas an increase in serum 
HDL increased the risk of nonendometrioid adenocarcinoma. Importantly, LDL and HDL also play an important role in the 
progression of nonendometrioid adenocarcinoma.36 Although we did not find such differences in HDL and LDL in type 2 EC, 
this was probably owing to our small sample size. In a retrospective review of 816 consecutive EC cases was conducted by Yale 
University, there was no association between type 2 EC and diabetes mellitus or the use of HRT.37

This metabolic heterogeneity was probably related to excess estrogen. Estrogen-mediated regulation of diabetes 
mellitus has already been reported in vitro and in vivo.38 Gregorio et al investigated whether estrogen not only decreased 
blood glucose but also induced insulin resistance. The opposite effects were mainly dependent on the previous circulating 
estrogenic (low or high) levels, which demonstrated a direct effect of estrogen upon glycemic homeostasis.39 Therefore, 
in contrast to Type 2 EC, FBG was an independent risk factor for LVSI in Type 1 EC patients.

Strengths and Limitations
Our study evaluated the prognosis of different types of EC using clinically available metabolic markers, such as serum 
lipid profile and glucose. Moreover, the classification of EC by ER and PR is an economical and conventional method in 
clinical practice. A strength of the study is that the results are more easily applied to the clinic and beneficial to the 

Therapeutics and Clinical Risk Management 2022:18                                                                          https://doi.org/10.2147/TCRM.S372371                                                                                                                                                                                                                       

DovePress                                                                                                                         
795

Dovepress                                                                                                                                                               Lin et al

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

https://www.dovepress.com
https://www.dovepress.com


individual management of EC patients. However, the ESTRO/ESGO/ESP guidelines for the management of EC proposed 
a novel risk stratification model including molecular TCGA molecular groups to assess the prognosis of EC, and the role 
of these molecular subtypes of EC as prognostic factors independent from classic, well-known, clinicopathologic ones in 
EC (such as myometrial invasion, histotype or LVSI) is a hot topic in the literature to date.40 A limitation of this study is 
that the evaluation of molecular TCGA subtypes of EC is absent. Recently, Antonio et al claimed that LVSI was 
a prognostic factor of EC independent from molecular prognostic factors,41 which also showed the importance of looking 
for independent risk factors for LVSI. A prospective study on the molecular markers of EC based on four molecular 
subtypes of EC found that ER/PR was associated with molecular typing, and PR negative was significant in P53 type.42 

P53mt patients had the worst prognosis and higher incidence of LVSI.43 The relationship between LVSI and metabolism 
in TCGA molecular subtypes of EC remains to be explored. In future, we will continue to focus on metabolic risk factors 
to contribute to managing EC patients.

Conclusion
In general, glucose and lipid metabolism are inextricably linked in EC. FBG and TC were both independent risk factors 
for LVSI in EC. Importantly, different subtypes of EC have diverse metabolic phenotype characteristics, which is 
beneficial for risk management of different subtypes of EC. In summary, we should focus on managing blood glucose 
in type 1 EC and pay more attention to controlling serum cholesterol in type 2 EC to prevent LVSI in EC.
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