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Background. Patients with active cancer have an increased risk of cardiovascular diseases (CVDs) among cancer patients receiving
endocrine therapy. However, little research has explored the distribution of CVD comorbidities and cardiovascular risk factors
(CVRFs) among postmenopause women with breast, endometrial, or ovarian cancer prior to active treatment with endocrine
therapy. We aimed to explore the distribution of CVD comorbidities and associated CVRF in patients suffering from breast,
endometrial, or ovarian cancer prior to the use of endocrine therapy and to assess whether there was compliance with existing
hospital recommendations, particularly on the use of lipid-lowering agents to prevent the development of CVD comorbidities
in postmenopause women. Methods. A total of 10,731 postmenopause women with primary breast, endometrial, or ovarian
cancer were enrolled between 30th May 2008 and 31st July 2021 from an electronic health record database at the first affiliated
hospital of Dalian Medical University. Dyslipidemia was defined according to 2016 Chinese guidelines for adults. Multivariate
logistic regression analysis was used to identify the independent predictors of CVD comorbidities in breast, endometrial, and
ovarian cancers separately. Results. Overall, 18.9% of the included women had at least one CVD record before endocrine
therapy. The highest prevalence of CVD was identified for hypertension (16.5%), followed by coronary heart disease (4.5%),
stroke (2.1%), heart failure (1.2%), and atrial fibrillation (1.1%). The most common CVRF among total cancer patients was
dyslipidemia, with a remarkable prevalence of 62.8%, followed by diabetes mellitus (8.6%). Notably, only 11.1% of cancer
patients were receiving lipid-lowering agents. Conclusion. Cancer patients with potential eligibility for endocrine therapy use
had an increased risk for CVD comorbidities. Dyslipidemia was the common CVRF. Compliance with recommendations for
preventing and managing these comorbidities requires serious attention.

1. Introduction

The data from the Global Burden of Disease Study 2017 indi-
cates that cardiovascular disease (CVD) and cancer were the
two leading causes of death globally [1]. The potential link
between these two different disease entities has been well
established. Recently, a scientific statement from the American
Heart Association highlighted that cancer patients experience

a significantly increased risk of CVD [2]. This may be the
result of cancer treatment-related cardiotoxicity, which exerts
adverse effects on heart function and/or structure. Therefore,
given that cancer treatment-related cardiotoxicity is associated
with adverse outcomes, there is a need to measure the risk of
CVD before cancer patients are exposed to endocrine therapy.

The common agents of endocrine therapy including aro-
matase inhibitors (AIs) and Tamoxifen have significantly
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improved outcomes for postmenopausal female patients
who suffered from breast cancer (BC) [3], endometrial can-
cer (EC) [4], and ovarian cancer (OC) [5]. However, it has
recently been suggested that aromatase inhibitor users have
an increased risk of subsequent CVD. Besides, postmeno-
pausal women experience significant alterations in lipid pro-
file due to the reduction in estrogen production. Therefore,
an elaborate clinical assessment of CVD and CVRF before
initiating endocrine therapy is of great importance in this
subset of patients.

To the extent of our knowledge, data on the prevalence of
cardiovascular-related comorbidities and CVRF among can-
cer patients eligible for endocrine therapy is limited. There-
fore, this study sought to (1) explore the distribution of
CVD comorbidities and associated CVRF in patients suffer-
ing from breast, endometrial, or ovarian cancer prior to the
use of endocrine therapy and (2) assess whether there is com-
pliance with existing hospital recommendations, particularly
the use of lipid-lowering agents to prevent the development
of these comorbidities in postmenopause women.

2. Materials

2.1. Study Design and Participants. This retrospective cross-
sectional study was carried out at the first affiliated hospital
of Dalian Medical University (FAHDM) among newly diag-
nosed cancer patients. We retrospectively evaluated the
YiDuloud Electronic Medical Surveillance Network Data-
base (YEMSND) at FAHDM from 30th May 2008 to 31st
July 2021. Briefly, the YEMSND database was established
to build a standardized clinical archive by updating clinical
records continuously [6].

Inclusion criteria include postmenopausal women; his-
tologically confirmed newly diagnosed primary breast,
endometrial, or ovarian cancer; potential eligibility for
endocrine therapy, and no previous use of anticancer ther-
apy. A total of 15,810 histologically confirmed cancer
patients were initially retrieved for this study. Of these, a
total of 5079 patients were excluded. The excluded patients
include women who were in premenopausal, perimeno-
pause periods, or unknown menopausal status with age <
60 years (n = 3560); women with liver failure, renal failure,
or autoimmune disease (n = 102); subjects with prior treat-
ment before admission (n = 735); and patients with missing
data for important covariates (n = 682). Finally, 10,731 can-
cer patients were included in the present study. The flow
chart is given in Figure 1. The study was approved by the
Ethics Committee of FAHDMU, and the committee waived
the requirement of informed consent because our study uti-
lized the recorded data from the hospital medical records.

2.2. Tumor Site Selection. The cancer types selected in this
study were based on the potential eligibility for endocrine
therapy in the future. Breast cancer, certain histologic sub-
types of endometrial cancer, and ovarian cancer are
hormone-dependent tumors in women, and the targeted
therapy against hormone receptors has been identified as a
powerful tool in the treatment of these cancers, leading to
the inhibition of cell proliferation and cell-cycle arrest [7].

Recently, endocrine therapies have been recommended for
breast cancer [8], endometrioid adenocarcinoma [9], and
low-grade serous or grade 1 endometrioid ovarian cancer
[10]. Therefore, historically confirmed breast cancer (BC),
endometrial cancer (EC), and ovarian cancer (OC) were
included in the current study.

2.3. Data Collection and Definition. Information on demo-
graphic characteristics (such as age, sex, height, weight,
smoking, and drinking status), medication, and major CVRF
and CVDs was summarized from YEMSND by professional
medical staff. The retrieved CVRFs include the components
of a lipid panel, plasma markers including fasting blood glu-
cose (FPG), serum uric acid (SUA) and creatinine, and other
risk factors such as systolic blood pressure (SBP), diastolic
blood pressure (DBP), and diabetes mellitus (DM), whereas
the major CVD diseases include hypertension (HTN), coro-
nary heart disease (CHD), heart failure (HF), atrial fibrilla-
tion (AF), and stroke. Dyslipidemia was defined according
to 2016 Chinese guidelines for the management of dyslipid-
emia in adults [11]. Briefly, patients were considered in a
dyslipidemia state if they had total cholesterol ðTCÞ > 6:2
mmol/L (240mg/dL), low-density lipoprotein cholesterol
ðLDL‐CÞ ≥ 4:1mmol/L (160mg/dL), triglycerides ðTGÞ ≥
2:3mmol/L (200mg/dL), and high-density lipoprotein cho-
lesterol ðHDL‐CÞ ≤ 1:0mmol/L (40mg/dL) and/or if they
were receiving a lipid-lowering agent. The non-high-density
lipoprotein cholesterol (non-HDL-C) was calculated as TC
minus HDL-C. The cut-off point to define normal, border-
line high, and high levels of TC was <5.2mmol/L, 5:2 ≤ TC
< 6:2mmol/L, and ≥6.2mmol/L, respectively. DM was
defined as FPG ≥ 7:0mmol/L or a self-reported history of
DM and/or treatment with antidiabetic medication. HTN
was defined as SBP ≥ 140mmHg or DBP ≥ 90mmHg or a
self-reported history of HTN and/or treatment with antihy-
pertensive medication. CHD was defined based on the pres-
ence of either angina or coronary artery stenosis of 50%
evidenced by medical records. HF was defined based on the
clinical symptoms, echocardiography, chest X-ray, and elec-
trocardiography [12]. AF was diagnosed if one of the follow-
ing criteria was met: (1) AF pattern in 10 s 12-lead
electrocardiogram (ECG), (2) AF episodes in 24-hour Holter,
or (3) a self-reported history of AF. As per the hospital pro-
tocol, two independent experienced cardiologists who were
blind to the clinical data validated all the ECG readings.
Stroke was defined as an acute episode of focal dysfunction
of the brain, retina, or spinal cord lasting longer than 24 h
or of any duration if imaging (CT or MRI) or autopsy shows
focal infarction or hemorrhage relevant to the symptoms
[13]. The current smoker was defined as current smoking sta-
tus or a lifetime consumption of more than 100 cigarettes
[14]. One drink was defined as an average of 15 g of ethanol,
and drinking for women was defined as at least 1 drink/day in
the past year [15]. Body mass index (BMI) was calculated as
weight (kg) divided by the square of height (m2). The 10-year
Framingham risk score (FRS) was used to evaluate the risk
for cardiovascular disease, which was classified as low
(<10%), moderate (10-20%), or high (>20%) risk [14].
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2.4. Statistical Analysis. Normally distributed continuous
variables were presented as the mean ± standard deviation
(SD) and compared using ANOVA analysis in three or more
groups. The independent-sample t-test was used to compare
the differences in demographic and clinical characteristics
between the dyslipidemia and nondyslipidemia groups. Cat-
egorical variables were presented as percentages and com-
puted for differences using the χ2 test. Multivariate logistic
regression analysis was used to calculate the odds ratio
(OR) and 95% confidence interval (CI) and identify the pre-
dictors of CVD comorbidities in BC, EC, and OC. The
model was adjusted for age, SBP, TC, TG, HDL-C, SUA ≥
360μmol/L, and DM. All statistical tests were 2-sided, and
P value < 0.05 was considered statistically significant. The
statistical analysis was performed using SPSS version 25.0
software (SPSS, Chicago, Illinois, USA).

3. Results

3.1. Baseline Characteristics of the Participants. Among
10,731 women included, BC, OC, and EC account for 7987
(74.43%), 1375 (12.81%), and 1369 (12.75%). The mean age
of the study participants was 61.49 years at cancer diagnosis.
We found that 18.9% of postmenopausal women with cancer
suffered from at least one CVD. Overall, the highest preva-
lence of CVD was identified for hypertension (16.5%),
followed by coronary heart disease (4.5%), stroke (2.1%),
heart failure (1.2%), and atrial fibrillation (1.1%). The most
common CVRF among total cancer patients was dyslipid-
emia (62.8%), followed by DM (8.6%). Only 11.1% of the
cancer patients received a prescription for lipid-lowering
agents.

3.2. Cardiovascular-Related Comorbidity Prevalence among
Diverse Cancers. The comparison of basic characteristics of
cancer patients is presented in Table 1. Among postmeno-
pausal women with cancer, the two common comorbidities
in EC patients were HTN and DM with prevalence rates of
24.8% and 13.4%, respectively. The BC and OC patients
had a higher prevalence of stroke than EC patients. The
prevalence rates of stroke in BC, OC, and EC were 2.3%,

2.2%, and 1%, respectively. There was no significant differ-
ence in the prevalence of CHD, HF, and AF among the three
different types of cancer.

3.3. Common Cardiovascular Risk Factors in Cancer
Patients. Dyslipidemia was the most crucial CVRF among
the three types of cancer. About 62.8% of the included
women experienced different degrees of lipid metabolic dis-
orders. The prevalence of dyslipidemia in BC, EC, and OC
patients was 61.3%, 66.8%, and 67.5%, respectively. EC
patients had the highest levels of SBP, DBP, BMI, FPG,
and SUA. The proportion of DM patients in BC, EC, and
OC was 7.8%, 13.4%, and 8.8%, respectively. When 10-year
FHS risk was calculated, 9.8% of the included patients
recorded high FHS risk. The rate of high 10-years FHS risk
was 9.1%, 14.5%, and 8.9% in BC, EC, and OC, respectively.

3.4. The Distribution of Dyslipidemia and Lipid Indices in
BC, OC, and EC. Table 2 shows the distribution of various
cholesterol indicators among different cancers. The overall
prevalence of dyslipidemia among total cancer patients was
62.8%, and the prevalence of elevated TC, elevated TG, ele-
vated LDL-C, and decreased HDL-C was 16.0%, 14.6%,
7.3%, and 44.1%, respectively. The patients who suffered
from BC had the highest prevalence of increased TC
(17.4%), increased LDL-C (7.6%), increased TC+increased
TG (4.8%), increased TC+increased LDL-C (7.2%), and
increased TG+increased LDL-C (2.2%) compared to EC
and OC patients. We found that decreased HDL-C was the
most common dyslipidemia among OC patients, with a
prevalence of 56.6%. Also, we observed a substantial propor-
tion of increased TG (17.2%), increased TC+decreased
HDL-C (2.8%), increased TG+decreased HDL-C (9.6%),
and increased LDL-C and decreased HDL-C (2.0%) in EC
patients (17.2%). BC patients had the highest mean levels
of TC, LDL-C, and non-HDL-C. EC patients had the highest
mean levels of TG. Importantly, OC patients had the lowest
mean levels of HDL-C.

3.5. The Distribution of Blood Lipid Components and Use of
Lipid-Lowering Agents. To understand the primary prevention

Individuals with first-diagnosed primary breast cancer, endometrial cancer
or ovarian cancer hospitalized between may 2008 and july 2021 (n=15,810)

Patients who were excluded from the selection (n=5,079):
Pre-or perimenopause women or unknown menopausal status
with age < 60 years (n=3,560)

With prior treatment before admission (n=735)
With liver failure, renal failure or autoimmune disease (n=102)
With missing data for important covariates (n=682)

Final included number of patients (n=10,731)

BC (n=7,987) OC (n=1,375) EC (n=1,369)

Figure 1: Flow chart of the study population. BC: breast cancer; EC: endometrial cancer; OC: ovarian cancer.
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of atherosclerotic cardiovascular disease (ASCVD), we further
evaluated the serum lipid status based on standard classifica-
tion criteria. As shown in Table 3, only 53.9%, 74.4%, 62.6%,
and 70.1% of the enrolled cancer patients reached the recom-
mended TC, LDL, non-HDL, and TG levels, indicating that a
significant proportion of patients failed to achieve the target
value. Similar observations occurred in BC, EC, and OC
patients. The proportion of substandard lipid control in BC
patients was the highest among total cancer patients.

Figure 2 presents the distribution of dyslipidemia and
the use of lipid-lowering agents among the studied cancers.
The proportion of dyslipidemia was the highest in EC
patients. However, the use of lipid-lowering agents was the
lowest (7.5%) among EC patients. A similar observation
was observed for OC (8.4%) and EC (12.2%), indicating a
low prescription rate of lipid-lowering agents.

3.6. Coprevalence of Dyslipidemia with Other CVDs and
CVRF. Table 4 presents the comparison of CVD and CVRF
between the dyslipidemia and nondyslipidemia groups.
Compared with nondyslipidemia, individuals with dyslipid-
emia were more likely to be older and had a higher propor-
tion of DM. The mean values of FPG, SBP, DBP, and
creatinine were significantly higher in patients with dyslipid-
emia. The mean level of SUA was higher in the dyslipidemia
group except for OC patients.

In addition, cancer patients with disturbed lipid metabo-
lism, indicated by abnormal levels of lipid indicators, were
found to often suffer from a wide range of cardiovascular
comorbidities, including HTN, CHD, HF, and stroke. The
prevalence of HTN was higher in the dyslipidemia group
compared to the nondyslipidemia group except for OC
patients. There was no difference in the distribution of AF

Table 1: The baseline characteristics of the participants (n = 10,731).

Variables
Total

(n = 10,731)
Breast cancer
(n = 7987)

Endometrial cancer
(n = 1375)

Ovarian cancer
(n = 1369) P value

Age (years) 61:49 ± 12:60 61:01 ± 12:63 63:62 ± 11:38 61:12 ± 13:31 <0.001
Smoking, N (%) 95 (0.9%) 68 (0.9) 12 (0.9) 15 (1.1) 0.671

Drinking, N (%) 44 (0.4) 36 (0.5) 5 (0.4) 3 (0.2) 0.445

SBP (mmHg) 128:66 ± 17:44 128:59 ± 17:44 132:00 ± 17:00 125:70 ± 17:29 <0.001
DBP (mmHg) 79:47 ± 19:91 79:36 ± 9:79 80:99 ± 10:17 78:54 ± 10:19 <0.001
BMI (kg/m2) 23:88 ± 3:75 23:79 ± 3:59 24:93 ± 4:22 23:38 ± 3:92 <0.001
HTN, N (%) 1767 (16.5) 1149 (14.4) 341 (24.8) 277 (20.2) <0.001
CHD, N (%) 482 (4.5) 375 (4.7) 50 (3.6) 57 (4.2) 0.177

HF, N (%) 129 (1.2) 94 (1.2) 12 (0.9) 23 (1.7) 0.140

AF, N (%) 117 (1.1) 87 (1.1) 17 (1.2) 13 (0.9) 0.770

DM, N (%) 927 (8.6) 622 (7.8) 184 (13.4) 121 (8.8) <0.001
Stroke, N (%) 226 (2.1) 182 (2.3) 14 (1.0) 30 (2.2) <0.001
Dyslipidemia 6739 (62.8) 4896 (61.3) 919 (66.8) 924 (67.5) <0.001
TC (mmol/L) 5:15 ± 1:13 5:21 ± 1:14 5:08 ± 1:09 4:89 ± 1:06 <0.001
TG (mmol/L) 1:57 ± 1:16 1:59 ± 1:21 1:64 ± 1:11 1:39 ± 0:94 <0.001
LDL-C (mmol/L) 2:94 ± 0:80 2:96 ± 0:80 2:95 ± 0:80 2:84 ± 0:75 <0.001
HDL-C (mmol/L) 1:28 ± 0:35 1:30 ± 0:35 1:22 ± 0:33 1:18 ± 0:32 <0.001
Non-HDL-C (mmol/L) 3:87 ± 0:97 3:90 ± 0:99 3:86 ± 0:94 3:72 ± 0:92 <0.001
FPG (mmol/L) 5:57 ± 1:75 5:70 ± 1:71 6:09 ± 2:03 5:63 ± 1:62 <0.001
SUA (μmol/L) 285:13 ± 76:12 281:65 ± 73:37 300:83 ± 81:44 289:68 ± 83:83 <0.001
Creatinine (μmol/L) 54:51 ± 11:90 54:15 ± 11:01 54:87 ± 12:30 56:28 ± 15:73 <0.001
Lipid-lowering agents, N (%) 1196 (11.1) 978 (12.2) 103 (7.5) 115 (8.4) <0.001
Diuretics 1422 (13.3) 885 (11.1) 125 (9.1) 412 (30.1) <0.001
ACEI/ARB 1074 (10.0) 777 (9.7) 168 (12.2) 129 (9.4) <0.013
β-Blockers 1160 (10.8) 872 (10.9) 122 (8.9) 166 (12.1) <0.019
CCB 2134 (19.9) 1501 (18.8) 349 (25.4) 284 (20.7) <0.001
FHS risk, low 6663 (62.1) 5096 (63.8) 696 (50.6) 871 (63.6) <0.001

Moderate 3020 (28.1) 2164 (27.1) 480 (34.9) 376 (27.5)

High 1048 (9.8) 727 (9.1) 199 (14.5) 122 (8.9)

AF: atrial fibrillation; CHD: coronary heart disease; DM: diabetes mellitus; DBP: diastolic blood pressure; FHS: Framingham Heart Study; FPG: fasting plasma
glucose; HDL-C: high-density lipoprotein cholesterol; HF: heart failure; HTN: hypertension; LDL-C: low-density lipoprotein cholesterol; non-HLD-C: non-
high-density lipoprotein cholesterol; SBP: systolic blood pressure; SUA: serum uric acid; TC: total cholesterol; TG: triglycerides.
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in the dyslipidemia group and the nondyslipidemia group
among BC, EC, and OC patients.

3.7. Risk Factors for CVDs in BC, OC, and EC. Table 5 pre-
sents the results of multivariate logistic regression analysis
for conventional cardiovascular risk factors associated with
CVDs in BC, OC, and EC. We observed a positive relation-
ship between DM and the presence of CVDs in all selected
cancers. Participants with DM had a higher likelihood of
CVDs compared with non-DM patients. The OR and 95%

CI for BC, EC, and OC patients were 9.12 (7.54-11.05),
9.04 (6.31-12.94), and 5.43 (3.59-8.23), respectively.

The multivariate logistic regression model showed that
advanced age and high levels of SUA (≥360μmol/L) were
independent risk factors for CVDs among all cancers. Also,
we observed that BC patients with high levels of TG had
a higher likelihood of CVDs (OR: 1.10; 95% CI: 1.05-
1.16, P < 0:001). Likewise, higher levels of HDL-C were
associated with a lower prevalence of CVDs in EC patients
(OR: 0.60; 95% CI: 0.36-0.99, P = 0:048).

Table 2: Prevalence of dyslipidemia among cancer patients.

N (%) Total Breast cancer Endometrial cancer Ovarian cancer P value

Dyslipidemia 6739 (62.8) 4896 (61.3) 919 (66.8) 924 (67.5) <0.001
Elevated TC 1719 (16.0) 1388 (17.4) 187 (13.6) 144 (10.5) <0.001
Elevated TG 1526 (14.6) 1199 (15.0) 236 (17.2) 127 (9.3) <0.001
Elevated LDL-C 780 (7.3) 608 (7.6) 102 (7.4) 70 (5.1) <0.001
Decreased HDL-C 4730 (44.1) 3249 (40.7) 706 (51.3) 775 (56.6) <0.001
Elevated TC+elevated TG 479 (4.5) 382 (4.8) 61 (4.4) 36 (2.6) 0.002

Elevated TC+elevated LDL-C 739 (6.9) 579 (7.2) 95 (6.9) 65 (4.7) 0.003

Elevated TC+decreased HDL-C 224 (2.1) 150 (1.9) 38 (2.8) 36 (2.6) 0.034

Elevated TG+elevated LDL-C 217 (2.0) 172 (2.2) 26 (1.9) 19 (1.4) 0.166

Elevated TG+decreased HDL-C 678 (6.3) 484 (6.1) 132 (9.6) 62 (4.5) <0.001
Elevated LDL-C+decreased HDL-C 126 (1.2) 81 (1.0) 27 (2.0) 18 (1.3) 0.009

HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TC: total cholesterol; TG: triglycerides.

Table 3: The serum lipid control among cancer patients.

N (%) Total Breast cancer Endometrial cancer Ovarian cancer P value

TC (mmol/L) <0.001
Appropriate level, TC < 5:2 5782 (53.9) 4134 (51.8) 775 (56.4) 873 (63.8)

Borderline high, 5:2 ≤ TC < 6:2 3171 (29.5) 2419 (30.3) 408 (29.7) 344 (25.1)

High, TC ≥ 6:2 1778 (16.6) 1434 (18.0) 192 (14.0) 152 (11.1)

LDL (mmol/L) <0.001
Ideal level, LDL < 2:6 3702 (34.5) 2696 (33.8) 465 (33.8) 541 (39.5)

Appropriate level, 2:6 ≤ LDL < 3:4 4277 (39.9) 3153 (39.5) 559 (40/7) 565 (41.3)

Borderline high, 3:4 ≤ LDL < 4:1 1928 (18.0) 1496 (18.7) 243 (17.7) 189 (13.8)

High LDL, ≥4.1 L 824 (7.7) 642 (8.0) 108 (7.9) 74 (5.4)

HDL (mmol/L) <0.001
Low HDL, <1.0 4730 (44.1) 3249 (40.7) 706 (51.3) 775 (56.6)

Non-HDL (mmol/L) <0.001
Ideal level, non-HDL < 3:4 3340 (32.1) 2475 (31.0) 432 (31.4) 533 (38.9)

Appropriate level, non-HDL < 4:1 3269 (30.5) 2418 (30.3) 426 (31.0) 425 (31.0)

Borderline high, 4:1 ≤ non‐HDL < 4:9 2568 (23.9) 1958 (24.5) 344 (25.0) 266 (19.4)

High, non-HDL ≥ 4:9 1454 (13.5) 1136 (14.2) 173 (12.6) 145 (10.6)

TG (mmol/L) <0.001
Appropriate level, TG < 1:7 7518 (70.1) 5520 (69.1) 921 (67.0) 1077 (78.7)

Borderline high, 1:7 ≤ TG < 2:3 1721 (16.0) 1319 (16.5) 228 (16.6) 174 (12.7)

High, TG ≥ 2:3 1492 (13.9) 1148 (14.4) 226 (16.4) 118 (8.6)

HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; non-HLD-C: non-high-density lipoprotein cholesterol; TC: total
cholesterol; TG: triglycerides.
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4. Discussion

The present study demonstrated that the prevalence of CVD
and CVRF was high in BC, EC, and OC. Dyslipidemia dom-
inates other CVRFs. Cancer patients with disturbed lipid
metabolism were more likely to have cardiovascular comor-
bidities compared to patients with normal lipid indices. The
rate of lipid-lowering prescription was significantly low
compared to the rate of dyslipidemia in cancer patients,
which requires special attention by the oncologists to adhere
to the existing hospital recommendations to control lipid
levels.

In the present study, 62.8% of women in the postmeno-
pausal stage had dyslipidemia. In line with our study, He
et al. reported that the prevalence of preoperative hyperlip-
idemia was 60.27% in postmenopausal patients [16]. This
indicates that dyslipidemia is increasingly common among
women with cancer who are at the postmenopausal stage.
According to our results, the prevalence of elevated levels
of TC, LDL-C, TG, and HDL-C hypolipidemia was 16.0%,
7.3%, 14.6%, and 44.1%, respectively. These results are
higher than the previously reported prevalence of lipid indi-
cators among the general population [17, 18]. The age- and
sex-related hormonal differences may explain the observed
discrepancy in lipid metabolism between the general popula-
tion and postmenopausal women.

According to the present study, HDL-C hypolipidemia
was the most common dyslipidemia among OC patients,
with a prevalence of 56.6%. An earlier study has also
revealed that metabolic disturbances of serum lipids, blood
glucose, and inflammatory response are more prominent in
OC patients, with the results showing lower levels of serum
TC and HDL-C in OC patients than those of the control
group [19]. On the contrary, Delimaris et al. observed no
statistically significant difference in serum levels of TC,
LDL-C, and HDL-C between patients diagnosed with OC
and healthy individuals [20]. The discrepancy may be partly
explained by the difference in body mass index among OC
patients. The study by Delimaris et al. included only 15
OC patients, and all were nonoverweight patients.

Our study also observed a significant proportion of dys-
lipidemia (61.3%), elevated TC (17.4%), and decreased
HDL-C (40.7%) in BC patients. Similarly, a study conducted
among Taiwanese women demonstrated that BC patients
had significantly lower HDL-C, apolipoprotein A-I (apoA-
I), and apoA-I/apolipoprotein B (apoB) ratios and higher
very-low-density lipoprotein cholesterol than controls [21].
However, a retrospective cohort study on the status of lipid
and lipoprotein among BC patients before adjuvant chemo-
therapy found low levels of TC, TG, LDL-C, and HDL-C and
decreased prevalence of dyslipidemia in the BC group [22].
Further longitudinal study is required to explain the reason
that causes discrepancies in blood lipid levels among BC
patients.

Endocrine therapy used for BC, EC, and OC can cause
significant alterations in serum lipid profiles after treatment
[23]. For instance, the estrogen agnostic effects of Tamoxifen
lower TC and LDL-C [24]. However, a previous study
reported an increase in serum triglyceride levels among
patients using Tamoxifen [25], which could further lead to
hypertriglyceridemia [26]. In the present study, the overall
prevalence of increased TG before treatment was 14.6%,
and patients who suffered from EC had the highest preva-
lence of increased TG (17.2%) compared to BC and OC
patients. Hence, the assessment, control, and management
of dyslipidemia and increased TG prior to active cancer
treatment with endocrine therapy are of great importance.

Akin to Mazzutti et al. [27], our results reported a high
frequency of systemic arterial hypertension. Also, in this
study, a significant proportion of postmenopause women
with cancer were classified as medium and high 10-year car-
diovascular risk according to FHS. Furthermore, 18.9% of
the postmenopausal female patients suffered from at least
one CVD before they received their endocrine therapy. In
the past, Abdel-Qadir et al. observed that women diagnosed
with an early stage of BC were more likely to have a history
of heart failure, ischemic heart disease, cerebrovascular dis-
ease, peripheral vascular disease, atrial fibrillation, and
hypertension compared to cancer-free controls [28]. As
such, given the high risk for cardiovascular events (as indi-
cated by FHS scores in our study) and the increased risk of
subsequent cardiovascular disease, including heart failure,
myocardial infarction, and stroke due to endocrine agents
such as Ais [29], proper assessment of the modifiable CVRFs
and CVDs before initiating endocrine therapy should not be
underestimated.

Many studies highlighted the intimate relationship
between dyslipidemia and various cancers. Lipid metabolism
abnormality plays a crucial role in the prognosis of cancers.
As earlier mentioned, our study demonstrated the distur-
bance of the lipid indicators, though the disturbance in the
lipid metabolism varies based on the cancer type. In contrast
to the high burden of dyslipidemia, we noticed that a rela-
tively low percentage of postmenopausal women with cancer
were receiving lipid-lowering agents before initiating active
cancer treatment. This indicates that more work is required
to achieve optimal lipid control among cancer patients.
Therefore, proper utilization of statins should be encouraged
to lower the risk of CVD, because positive outcomes have
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Figure 2: Distribution of dyslipidemia and proportion of receiving
lower-lipid agents among different cancer patients. BC: breast
cancer; EC: endometrial cancer; OC: ovarian cancer.
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been noted among statin users in BC [30], EC [31], and OC
[32] patients. A recent Chinese expert consensus recom-
mends practical strategies for clinicians in the management
of dyslipidemia in malignant tumors [33]. Thus, patients
with the potential eligibility for endocrine therapy (especially
hormone receptor-positive) should be advised to regularly
check their lipid profiles.

According to Li et al., the association between DM and
the presence of CVDs was strong in breast, lung, colorectal,
and gastric cancers [34]. Similarly, the present study demon-
strated that BC, OC, and EC patients diagnosed with DM
had a significantly increased risk for CVDs. Not only is
DM and disturbed lipid metabolism increasingly associated
with CVD risk in cancer patients but they are also common
risk factors for CVD in the general population. However,
whether the risk projected by DM and other lipid indicators
is similar to the general population remained unknown.
Substantiated clinical data is required to weigh the effect of
abnormal lipid indicators on the mechanism of CVD in can-
cer patients.

In the present study, an elevated level of SUA
(≥360μmol/L) was found to be an independent risk factor
for CVD. The link that connects SUA, CVD, and cancer is
complex and could be mediated by several factors such as
diet, chronic inflammatory burden, and oxidative stress.
Among the many factors, inflammation is a vital and com-
mon factor that links CVD and cancer. Interestingly,
increased levels of SUA can generate inflammatory stress by
producing reactive oxygen species (ROS)/reactive nitrogen
species (RNS) and activating cyclo-oxygenase-2 (COX-2)
[35]. In addition, a recent study suggested that hyperuricemia
promotes atherosclerosis by disturbing the balance of the
asymmetric dimethylarginine (ADMA)/dimethylarginine
dimethylaminotransferase-2 (ADMA/DDAH-2) axis [36].
Earlier evidence also concluded that oxidative stress and its
direct consequences including lipid peroxidation promote

the pathophysiological changes during the pathogenesis of
atherosclerosis, cancer, and inflammation [37].

This is the first study that assessed the distribution of
CVD-related comorbidities among postmenopausal women
before the use of endocrine treatment. However, the present
work has some limitations. First, the database was not sup-
portive to retrieve detailed information on the stage of the
tumor. Second, the prevalence of CVD-associated comor-
bidities may be underestimated in our study, although rigor-
ous retrieval procedure has been made by trained medical
staff. Third, our single-center study was conducted in a
coastal city in north China; thus, the participants cannot
be viewed as a representative sample of the general Chinese
population.

5. Conclusions

In conclusion, our findings demonstrate that cancer patients
with potential eligibility for endocrine therapy carry a signif-
icant burden of cardiovascular diseases and cardiovascular
risk factors. The prevalence of dyslipidemia was the highest
among various CVRFs. Considering the importance of con-
trolling serum lipid levels to achieve positive outcomes,
oncologists and cardiologists should cooperate closely with
each other and provide appropriate strategies for the preven-
tion, detection, and management of dyslipidemia and other
cardiovascular risks prior to endocrine therapy in postmen-
opausal women with cancer.

Data Availability

The data of this study were retrieved and extracted from the
YiDuloud Electronic Medical Surveillance Network Data-
base at the first affiliated hospital of Dalian Medical Univer-
sity (FAHDM), but restrictions apply to the availability of

Table 5: Cardiovascular risk factors in BC, EC, and OC.

Cancer sites CVRFs B SE Wald OR 95% CI P

BC

Age 0.066 0.003 477.176 1.068 1.061-1.074 <0.001
SUA ≥ 360 μmol/L 0.481 0.087 30.709 1.618 1.365-1.918 <0.001

TG 0.095 0.025 13.960 1.100 1.046-1.156 <0.001
DM 2.211 0.098 512.460 9.124 7.535-11.049 <0.001

EC

Age 0.035 0.006 32.226 1.036 1.023-1.040 <0.001
SUA ≥ 360 μmol/L 0.722 0.160 20.407 2.059 1.505-2.816 <0.001

HDL-C -0.515 0.261 3.908 0.597 0.358-0.996 0.048

TC 0.146 0.078 3.510 1.158 0.993-1.349 0.061

DM 2.201 0.183 144.206 9.037 6.309-12.944 <0.001

OC

Age 0.056 0.006 81.044 1.058 1.045-1.071 <0.001
SUA ≥ 360 μmol/L 0.646 0.172 14.153 1.907 1.362-2.670 <0.001

TG 0.130 0.069 3.537 1.139 0.995-1.304 0.060

DM 1.692 0.212 63.829 5.431 3.586-8.225 <0.001
BC: breast cancer; CI: confidence interval; CVRFs: cardiovascular risk factors; DM: diabetes mellitus; EC: endometrial cancer; HDL-C: high-density
lipoprotein cholesterol; OC: ovarian cancer; OR: odds ratio; SE: standard error; SUA: serum uric acid; TC: total cholesterol; TG: triglycerides. Adjusted for
age, SBP, SUA ≥ 360 μmol/L, TC, TG, HDL-C, and DM.
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these data, which were used under license for the current
study, and so are not publicly available.
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