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Objective: Failure to resolve inflammation is a novel feature of angiogenic-dependent diseases such as endometriosis and athero-
sclerosis.The correlation and causality between endometriosis and coronary heart disease is unclear. Here, we investigated the
correlation and causality between endometriosis and coronary heart disease.

Methods: The relevant data was extracted from the NHANES database (Year range: 1999-2006) and analyzed to determine the
correlation between endometriosis and coronary heart disease using weighted multivariable logistic regression models. Mendelian
randomization analysis was used to assess the causal relationship between endometriosis and coronary heart disease risk.

Results: We evaluated the data obtained from 3943 participants and did not observe any association between endometriosis and coronary
heart disease in weighted multivariable logistic regression models (Model 1, OR: 1.85, 95% CI: 0.66-5.15, P: 0.23; Model 2, OR: 0.89,
95% CI: 0.30-2.62, P: 0.82; Model 3, OR: 0.61, 95% CI: 0.19-1.95, P: 0.38). Two-sample Mendelian randomization analysis did not
reveal a causal relationship between endometriosis and coronary heart disease (OR: 1.00, 95% CI: 0.94-1.07, P: 0.882).

Conclusion: Our findings did not indicate any association or causal relationship between endometriosis and coronary heart disease.
Keywords: endometriosis, coronary heart disease, cross-sectional study, NHANES, Mendelian randomization

Introduction

Cardiovascular disease is the leading cause of mortality worldwide and coronary heart disease is one of the well-known
and widely studied diseases.' The full name for coronary heart disease(CHD) is coronary atherosclerotic heart disease.”
Atherosclerosis is a chronic inflammatory disease that is the main cause of heart attacks.” Atherosclerosis accounts for
more than 15% of deaths worldwide.® Inflammation is an important factor in coronary artery disease and atherosclerosis.*
Chronic inflammation of the coronary artery wall driven by innate and adaptive immune system activation can lead to
plaque rupture and thrombus formation.> Cytokines, such as IL-1, IL-18, and IL-6, are involved in the formation of
atherosclerosis by stimulating the movement of cells to the site of inflammation.® Diseases, such as diabetes, obesity, and
hypertension, significantly impact the risk of developing cardiovascular disease in women.” ”

Endometriosis is a common gynecological disease with hereditary and heterogeneous characteristics.”> Endometriosis is
estimated to affect 10% of women of reproductive age, and its diagnosis is often delayed because it is difficult to detect early.'
Clinical manifestations vary from person to person and often include gastrointestinal symptoms, urogenital tract symptoms,
pelvic pain, and infertility.' Endometriosis is closely associated with inflammation and pathological angiogenesis.”
Cardiovascular disease is also associated with inflammation, pathological angiogenesis, and atherosclerosis.? Failure to resolve
inflammation is a novel feature of angiogenic-dependent diseases such as endometriosis and atherosclerosis."" A case-control
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study in Japan involving 28 patients with endometriosis revealed that >30-year-old patients with endometriosis had signifi-
cantly higher brachial-ankle pulse wave velocity (baPWV) than >30-year-old women without the disease (P < 0.05)."* The
result suggested that endometriosis might cause hardening of the arteries in >30-year-old women.'? Therefore, women with
endometriosis may be at high risk of cardiovascular disease.” A cross-sectional study involving hospitalized women <35 years
old revealed that the probability of being diagnosed with atherosclerosis was 42% higher in patients with endometriosis (OR =
1.421; 95% CI: 1.058-1.910)."* This suggested that endometriosis was associated with an increased risk of atherosclerosis in
young patients; however, other information, such as disease severity, laboratory test results, or medical treatment provided,
could not be obtained.'® A study on 21 patients with endometriosis and 24 healthy controls showed that endothelial dysfunction
in patients with endometriosis was a preclinical manifestation of increased cardiovascular risk.'* However, the sample size was
small and lacked long-term follow-up.'* The biochemical changes in cytokines and chemokines in patients with endometriosis
were also recapitulated in a mouse model.'®> Azari et al reported that both endometriosis and atherosclerosis were characterized
by elevated levels of inflammation and cytokines, but the underlying causal relationship was unknown.'®

The National Health and Nutrition Examination Survey (NHANES) combines interviews and physical examinations
and is used to determine the risk factors for several diseases.!” Mendelian randomization(MR) uses genetic variation as
an instrumental variable to study the causal relationship between exposure and outcome. MR analysis can reduce the bias
caused by confounding factors and reverse causality.'®

Here, we explored the correlation between endometriosis and CHD using the data obtained from the NHANES
database from 1999 to 2006 and explored the causal impact of endometriosis on CHD through two-sample MR analysis,
providing the corresponding guidance for the prevention of CHD.

Methods

Data Source

NHANES is a survey that combines interviews and physical examinations to assess the health and nutritional status of
Americans.'” After 1999, it became a continuity plan, with a two-year cycle and an inclusion sample of approximately
5,000 participants per year.'” Survey data from the NHANES database is used in epidemiological studies and health
science research to help develop sound public health policy."”

This cross-sectional study used data obtained in four two-year cycles from 1999 to 2006. The inclusion criteria
were: 1) Age >20 years; 2) Relevant variables: coronary heart disease, endometriosis, age, race, marital status, education,
body mass index, poverty—income ratio, age at menarche, hysterectomy, removing at least one ovary, using female
hormones, cancer, diabetes, hypertension, stroke, using antidiabetic drugs, using antihypertensive drugs, using antihy-
perlipidemic drugs, smoking, degree of alcohol drinking, health conditions, a routine place to go for healthcare, and
health insurance. We finally included 3943 participants in our analysis after removing the missing values (Figure 1).

Diagnosis of Coronary Heart Disease

Participants were asked whether they had CHD through the MCQ160C questionnaire. The participants responded either yes or
no to “Has a doctor or other health professional ever told you that you had coronary heart disease?”. The answer was either yes
or no. When participants answered “Don’t know” or “Refused”, the response was classified as missing and deleted.

Diagnosis of Endometriosis

The RHQ360 questionnaire was used to determine whether the patient had endometriosis. The participants responded
either yes or no to “Has a doctor or other health professional ever told you that you had endometriosis?” When
participants answered “Do not know” or “Refused”, the response was classified as missing and deleted.

Mendelian Randomization

MR uses genetic variation as an instrumental variable to study the causal relationship between the exposure and outcome.
Instrumental variables (IVs) must meet three conditions simultaneously: 1) strong association with the exposure
factors; 2) no relation to the confounding factors; and 3) affecting outcomes only through exposure factors.'”
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Total participants from NHANES
1999-2006
(n=41474 ) Excluded (n=35921)
Male participants (n=20264)
.| Lack of coronary heart disease data (n=10575)
Lack of endometriosis data (n=5082)

\4
Participants with complete
coronary heart disease and

endometriosis data Excluded (n=1610)
(n=5553) pregnant women and lack of pregnancy data
(n=1018)
Lack of information on removing at least one
ovary, using female hormones, education,

» body mass index, health conditions, marital,
smoking, degree of alcohol drinking, health
insurance, hypertension, age at menarche,
diabetes, poverty-income ratio, and deleted

y borderline diabetes data (n=592)
Included participants
(n=3943)

Figure | Flow chart for the selection of participants from the NHANES.

Data on endometriosis were obtained from the FinnGen database (http:/finngen.fi/) and included 15,088 cases and
107,564 controls from European populations. The single nucleotide polymorphisms (SNPs) (n = 16380466) associated
with CHD were derived from genome-wide association studies (GWAS) data, including 21,012 cases and 197,780
controls from European populations. SNPs strongly associated with endometriosis at the genome-wide significance level
(P < 5e-08) and without linkage disequilibrium (r2 < 0.001; kb = 10000) were selected for further analysis.”” The SNPs
with F statistic >10 were screened from the strongly correlated SNPs.?! The F statistic is calculated using the formula:
F statistic = R2x (N-2)/(1-R2), where N is the sample size of the exposure factor and R2 is the degree to which

instrumental variables explain the exposure.*

Statistical Analysis
The included data were collected from the NHANES database (1999-2006) over four cycles, and all analyses were

weighted. The 4-year mec weight (wtmec4yr) was used from 1999 to 2002, and the 2-year mec weight (wtmec2yr) was
used from 2003 to 2006. Continuous variables were expressed by weighted average (weighted standard error), and
categorical variables were expressed by weighted percentage. Weighted univariable and weighted multivariable logistic
regression were used to analyze the relationship between endometriosis and CHD. Results were expressed as OR (95%
CI). We established three logistic regression models. Model 1 was not adjusted. Model 2 was adjusted for age, marital
status, education, body mass index (BMI), age at menarche, hysterectomy, removing at least one ovary, using female
hormones, diabetes, hypertension, stroke, using antidiabetic drugs, using antihypertensive drugs, using antihyperlipi-
demic drugs, smoking, and degree of alcohol drinking. Model 3 was adjusted for age, race, marital status, education,
BMI, poverty—income ratio, age at menarche, hysterectomy, removing at least one ovary, using female hormones, cancer,
diabetes, hypertension, stroke, using antidiabetic drugs, using antihypertensive drugs, using antihyperlipidemic drugs,
smoking, degree of alcohol drinking, a routine place to go for healthcare, health conditions, and health insurance.
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MR analysis of the causal relationship between endometriosis and CHD risk was performed using SNPs strongly
associated with endometriosis. Inverse-variance weighted (IVW), MR Egger, weighted median, weighted model, and
simple model methods were used to determine whether IVs influenced CHD through their separate effect on endome-
triosis. The IVW method was the main analysis method to estimate the incidence of CHD OR and 95% CI. The outliers
were detected using Mendelian Randomization Pleiotropy RESidual Sum and Outlier (MR-PRESSO). The egger _inter-
cept of MR-Egger was used to evaluate the horizontal pleiotropy of IVs. In addition, the heterogeneity of IVs was
estimated using the Q test. The reliability of causal estimates was assessed using the leave-one-out analysis.

All analyses were performed using R 4.3.1. P < 0.05 was considered statistically significant.

Results

Baseline Data of Included Individuals (Weighted)

We included 3943 participants in the study over four two-year cycles from 1999 to 2006 (Figure 1). A 4-year mec weight
(wtmecdyr) was used from 1999 to 2002, and a 2-year mec weight (wtmec2yr) was used from 2003 to 2006. In women
with CHD, BMI >30.0 accounted for 55.56% (weighted), hysterectomy accounted for 31.63% (weighted), and age > 50
accounted for 58.57% (weighted). Endometriosis accounted for 16.71% (weighted), and antihypertensive drugs
accounted for 75.28% (weighted). The variables, including age, education, BMI, hysterectomy, removing at least one
ovary, using female hormones, diabetes, hypertension, stroke, using antidiabetic drugs, using antihypertensive drugs, and
using antihyperlipidemic drugs, were significantly different between women with and without CHD (P value < 0.05).
However, no significant differences were observed in race, marital status, poverty—income ratio, age at menarche, cancer,
smoking, endometriosis, degree of alcohol drinking, health conditions, a routine place to go for healthcare, and health
insurance between women with and without CHD (P value > 0.05; Table 1).

Univariable Analysis for CHD (Weighted)

Weighted univariable logistic regression analysis showed that age, marital status, education, BMI, age at menarche,
hysterectomy, removing at least one ovary, using female hormones, diabetes, hypertension, stroke, using antidiabetic
drugs, using antihypertensive drugs, using antihyperlipidemic drugs, smoking, and degree of alcohol drinking were
associated with CHD (P value < 0.05; Table 2).

Multivariable Logistic Regression

Table 3 presented weighted multivariable logistic regression models for the association between endometriosis and CHD.
Model 1 was a crude model, and the result revealed no significant correlation between endometriosis and CHD (OR:
1.85, 95% CI: 0.66-5.15, P = 0.23, P for trend: 0.23). Model 2 did not reveal any significant correlation between
endometriosis and CHD (OR: 0.89, 95% CI: 0.30-2.62, P = 0.82, P for trend: 0.82). Further, model 3 also revealed no
significant association between endometriosis and CHD (OR: 0.61, 95% CI: 0.19-1.95, P = 0.38, P for trend: 0.38).

MR Analysis

Cross-sectional studies were unable to explore causality. MR analysis was performed using 18 SNPs strongly associated
with endometriosis to assess causality between endometriosis and CHD risk. IVW, MR Egger, weighted median,
weighted model, and simple model did not find a causal relationship between endometriosis and CHD risk (Table 4).
The forest plot (Supplementary Figure S1) showed the relationship between each instrumental variable and CHD. Q test

and MR Egger intercept showed no heterogeneity and horizontal pleiotropy (Supplementary Tables S1 and S2). Figure 2

presented the scatter diagram of the two-sample MR analysis. The funnel plot was roughly symmetrical, indicating no

significant heterogeneity in the results (Supplementary Figure S2). The leave-one-out analysis showed that the result

remained stable when any SNP was deleted, indicating that the MR analysis was reliable (Supplementary Figure S3).
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Table | Comparison of Characteristics in Groups with and without CHD(Weighted)

Variables Total Without With P value
CHD (%) CHD (%)
Age(continuous) 37.99(0.21) | 37.92(0.21) | 47.26(1.54) | < 0.0001
Age(Grouped) < 0.0001
250 15.06 14.73 58.57
4049 33.12 33.18 25.26
30-39 27.71 27.86 8.90
20-29 24.10 24.23 727
Race 0.39
Mexican American 723 7.23 7.11
Non-Hispanic Black 11.91 11.89 14.01
Non-Hispanic White 70.61 70.56 76.44
Other Hispanic 5.46 5.49 1.79
Other Race - Including Multi-Racial 4.80 4.83 0.65
Marital 0.23
Divorced 10.86 10.76 24.83
Living with partner 7.68 7.67 9.01
Married 57.28 57.32 51.60
Never married 18.88 18.95 9.10
Separated 3.87 3.86 5.46
Widowed 1.42 1.43 0.00
Education 0.00
9—I Ith Grade (Includes 12th grade with no diploma) 10.74 10.58 32.22
College Graduate or above 26.99 27.12 8.85
High School Grad/GED or Equivalent 23.44 23.36 3441
Less Than 9th Grade 3.54 3.52 6.77
Some College or AA degree 35.29 35.43 17.74
Poverty income ratio 0.40
<5 75.59 7553 83.53
25 2441 24.47 16.47
Body mass index 0.0l
<185 314 3.17 0.00
230.0 33.28 33.11 55.56
18.5-25.0 38.54 38.79 5.76
25.0-30.0 25.04 24.93 38.68
Age at menarche 0.23
<l 8.79 8.71 18.78
>16 1.74 1.75 0.00
I1-16 89.47 89.53 81.22
Hysterectomy 0.02
Missing 64.78 64.96 41.04
No 22.18 22.14 27.32
Yes 13.04 12.90 31.63
Removed at least one ovary 0.00
No 89.33 89.49 68.29
Yes 10.67 10.51 3171
Use female hormones < 0.0001
No 82.93 83.14 54.86
Yes 17.07 16.86 45.14
Endometriosis 0.23
No 90.15 90.21 83.29
Yes 9.85 9.79 16.71
(Continued)
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Table | (Continued).

Variables Total Without With P value
CHD (%) CHD (%)
Cancer 0.40
No 93.61 93.77 97.18
Yes 6.19 6.23 2.82
Diabetes 0.01
No 96.12 96.20 85.22
Yes 3.88 3.80 14.78
Hypertension < 0.0001
No 81.20 81.47 45.81
Yes 18.80 18.53 54.19
Stroke < 0.0001
No 98.62 98.74 89.01
Yes 1.33 1.26 10.99
Antidiabetic drugs 0.01
No 96.83 96.93 86.90
Yes 3.14 3.07 13.10
Antihypertensive drugs < 0.0001
No 87.27 87.77 24.72
Yes 12.70 12.23 75.28
Antihyperlipidemic drugs < 0.0001
No 96.13 96.49 52.62
Yes 3.84 351 47.38
Smoke 0.07
Former 17.05 16.92 34.40
Never 57.01 57.13 40.62
Now 25.94 25.95 24.98
Degree of alcohol drinking 0.13
Former 13.47 13.37 2643
Heavy 2221 2226 15.13
Mild 27.40 27.38 30.13
Moderate 23.28 2342 4.73
Never 13.65 13.57 23.58
Health condition 0.25
Good 97.61 97.63 95.05
Poor 239 237 4.95
Routine place to go for healthcare 0.60
No 10.84 10.86 736
Yes 89.16 89.14 92.64
Health insurance 0.11
No 18.20 18.11 29.38
Yes 81.80 81.89 70.62

Notes: Continuous variables were shown as weighted mean (weighted standard error); Categorical variables were shown as the
weighted percentage (%).
Abbreviation: CHD, coronary heart disease.

Discussion

We collected data from the NHANES database (1999 to 2006) to investigate the association between endometriosis and
CHD. The causal relationship between endometriosis and CHD risk was evaluated using two-sample MR analysis. Cross-
sectional studies did not find an association between endometriosis and CHD. In addition, MR analysis did not find
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Table 2 Univariable Analysis for CHD (Weighted)

Variables OR (95% CI) P value
Age(continuous) 1.14(1.06,1.23) <0.001
Age(grouped)

=50 Ref Ref

40-49 0.19(0.07,0.50) 0.001

30-39 0.08(0.02,0.34) 0.001

20-29 0.08(0.02,0.29) <0.001
Race

Mexican American Ref Ref

Non-Hispanic Black 1.20(0.33,4.28) 0.78

Non-Hispanic White 1.10(0.38,3.16) 0.86

Other Hispanic 0.33(0.04,3.07) 0.32

Other Race - Including Multi-Racial 0.14(0.01,1.33) 0.09
Marital

Divorced Ref Ref

Living with partner 0.51(0.09,2.86) 0.44

Married 0.39(0.16,0.98) 0.04

Never married 0.21(0.05,0.81) 0.02

Separated 0.61(0.12,3.18) 0.55

Widowed 0.00(0.00,0.00) <0.0001
Education

9-11th Grade (Includes 12th grade with no diploma) Ref Ref

College Graduate or above 0.11(0.02,0.55) 0.01

High School Grad/GED or Equivalent 0.48(0.19,1.24) 0.13

Less Than 9th Grade 0.63(0.25,1.62) 0.33

Some College or AA degree 0.16(0.04,0.65) 0.01
Poverty income ratio

<5 Ref Ref

25 0.61(0.19,2.00) 0.41
Body mass index

<185 Ref Ref

230.0 1663259.86(843439.29,3279943.68) <0.0001

18.5-25.0 147052.75(43963.09,491878.76) <0.0001

25.0-30.0 1537449.35(796993.49,2965834.15) <0.0001
Age at menarche

<1l Ref Ref

>16 0.00(0.00,0.00) <0.0001

I1-16 0.42(0.15,1.15) 0.09
Hysterectomy

Missing Ref Ref

No 1.95(0.65,5.83) 0.23

Yes 3.88(1.63,9.26) 0.003
Removed at least one ovary

No Ref Ref

Yes 3.95(1.66,9.43) 0.002
Used female hormones

No Ref Ref

Yes 4.06(1.97,8.38) <0.001
Endometriosis

No Ref Ref

Yes 1.85(0.66,5.15) 0.23

(Continued)
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Variables OR (95% CI) P value
Cancer

No Ref Ref

Yes 0.44(0.06,3.32) 0.42
Diabetes

No Ref Ref

Yes 4.40(1.32,14.67) 0.02
Hypertension

No Ref Ref

Yes 5.20(2.18,12.43) <0.001
Stroke

No Ref Ref

Yes 9.70(2.64,35.68) <0.001
Antidiabetic drugs

No Ref Ref

Yes 4.77(1.45,15.68) 0.01
Antihypertensive drugs

No Ref Ref

Yes 21.85(8.77,54.44) <0.0001
Antihyperlipidemic drugs

No Ref Ref

Yes 24.76(10.39,58.98) <0.0001
Smoke

Former Ref Ref

Never 0.35(0.13,0.92) 0.03

Now 0.47(0.16,1.40) 0.17
Degree of alcohol drinking

Former Ref Ref

Heavy 0.34(0.05,2.20) 0.25

Mild 0.56(0.18,1.73) 0.31

Moderate 0.10(0.02,0.49) 0.01

Never 0.88(0.27,2.86) 0.83
Health condition

Good Ref Ref

Poor 2.15(0.55,8.32) 0.26
Routine place to go for healthcare

No Ref Ref

Yes 1.53(0.29,8.03) 0.6l
Health insurance

No Ref Ref

Yes 0.53(0.24,1.18) 0.12

Abbreviations: OR, odds ratio; Cl, confidence interval; CHD, coronary heart disease.

a causal relationship between endometriosis and CHD risk. Sensitivity analysis showed that the results of this study were
reliable and robust.

Some of the existing studies are inconsistent with our findings. Mamillapalli et al reported that an animal study
showed that mice with endometriosis had significantly higher serum levels of inflammatory factors, increased athero-
sclerosis, and significantly reduced aortic luminal area compared with mice with sham surgery, suggesting that elevated
levels of inflammatory factors in endometriosis lesions might be associated with cardiovascular risk.*> A study involving
81 patients with endometriosis (stages I-II) showed elevated levels of CRP, homocysteine, fibrinogen, IL-17, and 1L-33

in these patients.* These inflammatory markers were associated with cardiovascular disease, suggesting an increased risk

2394 https: International Journal of Women’s Health 2024:16



Xu et al

Table 3 Multivariable Logistic Regression Models of the Association Between
Endometriosis and CHD (Weighted)

CHD Endometriosis

Model | Model 2 Model 3
Character 95% CI P 95% CI P 95% CI P
No Ref Ref Ref
Yes 1.85(0.66,5.15) | 0.23 | 0.89(0.30,2.62) | 0.82 | 0.61(0.19,1.95) | 0.38
p for trend 0.23 0.82 0.38

Notes: Model | was a crude model; Model 2 was adjusted for age, marital, education, BMI, age at
menarche, hysterectomy, removing at least one ovary, using female hormones, diabetes, hypertension,
stroke, using antidiabetic drugs, using antihypertensive drugs, using antihyperlipidemic drugs, smoking,
degree of alcohol drinking; Model 3 was adjusted for age, race, marital, education, BMI, poverty—income
ratio, age at menarche, hysterectomy, removing at least one ovary, using female hormones, cancer,
diabetes, hypertension, stroke, using antidiabetic drugs, using antihypertensive drugs, using antihyperlipi-
demic drugs, smoking, degree of alcohol drinking, health conditions, a routine place to go for healthcare,
health insurance.

Abbreviations: Cl, confidence interval; CHD, coronary heart disease.

Table 4 Results of Five MR Analysis Methods

Method nSNP | OR (95% CI) P value
MR Egger 18 1.08 (0.89~1.31) | 0.448
Weighted median 18 1.00 (0.92~1.09) | 0.993
Inverse variance weighted | 18 1.00 (0.94~1.07) | 0.882
Simple mode 18 0.96(0.83~1.11) | 0.573
Weighted mode 18 1.07 (0.94~1.21) | 0310

Abbreviations: OR, odds ratio; Cl, confidence interval.

of cardiovascular disease in patients with endometriosis.”* The findings of a cross-sectional study in Europe involving 37
patients with endometriosis indicated that young women with endometriosis who had no structural vascular changes but
had impaired endothelial function and subclinical atherosclerosis were at higher risk for future cardiovascular disease.*’
However, the study also suggested that endometriosis might have no effect on vascular smooth muscle function.”> The
findings of a large prospective cohort study (116430 patients with endometriosis) revealed an association of laparosco-
pically confirmed endometriosis with an increased risk of CHD; however, the extent of removal of endometriosis lesions
during surgery was not covered.”® Li et al conducted a retrospective cohort study involving 19,454 patients with
endometriosis and suggested that women with the disease were at higher risk of coronary artery disease (CAD), and
women diagnosed with endometriosis should be aware of the risk of CAD.?” However, cigarette smoking and age at
menarche were not recorded in the database.?” The results of a cohort study in Taiwan (13988 patients with endometriosis
patients and 358 patients with CAD) showed an elevated risk of CAD in symptomatic endometriosis patients (aHR, 1.60;
95% CI: 1.29-1.98; P < 0.001), where the association was most significant in women aged 20-39 years.*® however, some
potential confounding factors of CAD, such as obesity and smoking, were not covered in this study.”® Santoro et al
assessed endothelial function in 22 patients with endometriosis who had undergone surgery and found that endothelial
function improved in patients who underwent laparoscopic surgery and did not develop structural atherosclerosis.?’
Endometriosis is a potential risk factor for CHD.?® Gynecologists should increase their awareness of endometriosis risk
and screening for CAD in women with endometriosis aged 20-39 years.”® Gynecologists and cardiologists should work
together to reduce the incidence of CAD.?® Notably, these studies reported on the association between endometriosis and
CHD were mostly cohort studies, lacking large sample randomized controlled trials. In particular, clinical trials on the

relationship between the severity of endometriosis and cardiovascular risk were limited.
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Figure 2 Scatter plot of two-sample MR analysis.

The strength of our study is its large sample size. We investigated the correlation between endometriosis and CHD
through a large sample cross-sectional study and used the FinnGen database and GWAS data to explore their causal
relationship. The number of participants with CHD was 411,872 after weighted, and the results were more representative
by the weighted analysis. MR analysis can reduce the bias caused by confounding factors and reverse causality.'® The
results of MR analysis showed no pleiotropy and heterogeneity, and the conclusion was reliable. However, our study had
some limitations. We did not investigate the types of endometriosis, and the diagnosis of endometriosis and CHD was
based on a self-reported questionnaire with possible recall bias. In addition, the limited time frame (endometriosis occurs
early in life while CAD occurs late) and the lack of accurate diagnosis of endometriosis were also limitations. In addition,
MR analysis included all European populations, eliminating the demographic stratification bias. However, whether these
findings could be generalized to other populations remains to be discussed.

Conclusion

Although several cohort studies have suggested a possible association between endometriosis and CHD, our cross-
sectional study of a large NHANES database showed no association between these diseases. Two-sample MR analysis
did not find a causal relationship between endometriosis and CHD risk. In the future, large randomized controlled trials
and long-term follow-up based on the severity of endometriosis are needed to validate our findings.
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