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Endometriosis (EM) with chronic inflammation may accelerate the progression of atherosclerosis. Currently, no large or randomized clinical studies have assessed the incidence of cardiovascular events in patients with endometriosis in Asia to investigate whether incident EM is associated with a higher risk of new-onset coronary artery disease (CAD). In this study of a nationwide cohort in Taiwan, we identified 13,988 patients with newly diagnosed EM from 1 January, 2000, through 31 December, 2012. EM and non-EM groups were matched by propensity score at a ratio of 1:1. Of a total 27,976 participants, 358 developed CAD. The incidence rate in the EM group was higher than that in the non-EM group (1.8 per 1,000 person-years vs. 1.3 per 1,000 person-years) during the follow-up period. The adjusted hazard ratio (aHR) of CAD for the EM group was 1.52 with a 95% confidence interval (1.23–1.87, p < 0.001) after adjusting for demographic characteristics, comorbidities, surgical procedures, frequency of outpatient visits, and medications. Stratified analysis revealed that, among four age groups (20–39, 40–49, 50–54, and above 55 years), the 20–39 years sub-group was associated with a higher risk of CAD (aHR, 1.73; 95% CI, 1.16–2.59, p = 0.008). Several sensitivity analyses were conducted for cross-validation, and it showed consistent positive findings. In conclusion, this cohort study revealed that patients with symptomatic EM in Taiwan were associated with increased risk of subsequent CAD than patients without medical records of EM. Further prospective studies are needed to confirm this causal relationship.
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INTRODUCTION

Endometriosis (EM) is a common estrogen-dependent gynecologic disorder that is prevalent in reproductive-aged women (1–3), and EM is defined as extrauterine endometrial glands and stromal growth primarily on ovaries and the pelvic peritoneum (2, 3). It occurs in about 8.9% of the general population in Taiwan (4). The prevalence of infertility in patients is as high as 70% and can reach 90% in women with chronic pelvic pain syndrome (5–7). Women with EM represent a high-risk population group for several co-morbidities of gynecological and non-gynecological diseases (8), including ovarian cancer and cardiovascular disorders with links to systemic chronic inflammation, elevated atherogenic lipid profile, and heightened oxidative stress (9). Previous studies have suggested that women with EM have elevated levels of interleukin-1, and interleukin-6. Tumor necrosis factor-α and markers of oxidants have been detected in the peritoneal fluid and peripheral blood of women in the EM group (10–13). Higher serum levels of low-density lipoprotein and lower high-density lipoprotein have also been found in women with EM (14–16). These are all risk factors that may accelerate the progression of atherosclerosis and contribute to the incidence of coronary artery disease (CAD), which can be fatal in advanced countries, including Taiwan. Although mortality rates decreased by as much as 50% in the 1990s and 2000s, over four million people have died annually from CAD in over 49 countries in Europe and North Asia (17).

However, epidemiologic evidence of the association between EM and CAD remains limited. A prospective cohort study focusing on a group of nurses in the USA was proposed (9). We conducted a large nationwide population-based cohort study to further explore the epidemiologic relationship between incident EM and the subsequent development of CAD in Taiwan's general female population.



METHODS


Data Source

The data in this study were obtained from Taiwan's National Health Insurance Research Database (NHIRD), which contains healthcare data for more than 99% of residents in Taiwan since 1995. Within Taiwan's National Health Insurance (NHI) scheme, which is a universal health insurance program, all medical claims are mandatorily sent to the Bureau of National Health Insurance (BNHI) for validation and reimbursement. The NHIRD collects beneficiaries' registration files regarding demographics, all types of medical visits, laboratory test codes, procedure codes, prescription codes, and diagnostic codes based on the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) system. The Longitudinal Health Insurance Database 2000 (LHID 2000), a subset of NHIRD, was used in this study. There is no statistically significant difference in distributions in age, sex, or health care costs between the 1,000,000 people from the LHID 2000 and those in the original NHIRD. The original identification number of each patient in this data set was encrypted to protect privacy. The Institutional Review Board of Chung Shan Medical University in Taiwan approved this study (IRB permit number CS15134) and waived the need for informed consent, since the data were used anonymously and anonymized before analysis.



Study Subjects and Study Design

Study subjects were sampled from the LHID 2000 data. We identified patients newly diagnosed with endometriosis (ICD-9-CM codes 617) between January 2000 and December 2012 from both outpatient and inpatient visits (Figure 1). The index date was defined as the first date of EM diagnosis in either outpatient visit or inpatient admission. Only patients with at least 1 inpatient admission or 3 outpatient visits within 1 year before the index were enrolled. The exclusion criteria for the study subjects were: (1) patients diagnosed with EM before the index date, or during the follow-up period; (2) patients with a history of CAD (ICD-9-CM code 410–414) before the index date; (3) patients under 20 years old. As a result, a total of 27,976 eligible participants were identified from the LHID 2000 (13,988 in the EM group and 13,988 in the non-EM group). The control group was selected from the LHID 2000 using propensity scores matched at a ratio of 1:1 by age, sex, index date, comorbidities, surgical procedures, outpatient visits, and medications. The age of each study subject was determined using the difference between the index date and the date of birth. Subjects with a history of CAD who were diagnosed before the index date were excluded. Individuals in both the EM and non-EM groups were monitored until a CAD occurred or they were withdrawn from the national health insurance system, or until 31, December 2013.
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FIGURE 1. Flowchart of the retrospecive cohort study in Taiwan.




Outcome and Covariates

The outcome of this study was the incidence of newly diagnosed CAD in both the study and control groups. The definition of newly diagnosed CAD required (1) the presence of ICD-9-CM code 410–414; (2) emergency or inpatient diagnosis of CAD. The covariates compared in both the groups included the age at the index date, and baseline comorbidities such as hypertension (ICD-9-CM codes 401–405), hyperlipidemia (ICD-9-CM codes 272.0–272.4), diabetes (ICD-9-CM codes 250), cancer (ICD-9-CM codes 140–208), chronic obstructive pulmonary disease (ICD-9-CM codes 491, 492, 496; COPD), and autoimmune diseases (ICD-9-CM codes 710.0, 714.0, 720.0); surgical procedures such as hysterectomy and oophorectomy (ICD-OP-CODE 65.5, 65.6, 68.3–68.5, 68.9); stroke (ICD-9-CM codes 430–438); and co-medications including corticosteroids, non-steroidal anti-inflammatory drugs (NSAIDs), aspirin, and statins. The age of the subjects was categorized into four groups: 20–39, 40–49, 50–54, and over 55 years. The common comorbidities analyzed in this study were the medical disorders, namely, the risk factors associated with CAD. Information on comorbid medical disorders was obtained by tracing at least one inpatient admission or 3 outpatient visits in the NHI database within 1 year before the index date. Medication confounders in this study were corticosteroids, NSAIDs, aspirin, and statins.



Propensity Score Matching

Because in age-matching (i.e., before propensity score matched) the EM group displayed a greater prevalence of comorbidities and therefore carried a greater risk of CAD than the non-EM group, propensity score matching was performed to balance the distribution of those potential risk factors (Table 1, right column). The propensity score was calculated using logistic regression to estimate the probability of EM, based on the baseline variables including age, hypertension, hyperlipidemia, diabetes, cancer, COPD, autoimmune disease, surgical procedures (hysterectomy/oophorectomy), stroke, frequency of outpatient visits, and co-medications including corticosteroids, non-steroidal anti-inflammatory drugs (NSAIDs), aspirin, and statins.


Table 1. Demographic characteristics of endometriosis and non-endometriosis.
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Statistical Analysis

Some demographic characteristic data were analyzed using the Chi-square (χ2) test or Student's t-test, including age distributions, comorbidities, and medications between the EM group and the non-EM group. The incidence density of CAD per 1,000 person-years was calculated in both groups. To investigate the association between EM and CAD, a Cox proportional hazard regression analysis was conducted to measure the hazard ratios (HRs) and 95% confidence intervals (CIs) after adjusting for age, hypertension, hyperlipidemia, diabetes, cancer, COPD, autoimmune diseases, stroke, hysterectomy/oophorectomy, frequency of outpatient visits, corticosteroids, NSAIDs, aspirin, and statin. The Kaplan–Meier method was used to describe the cumulative incidence of CAD among the two groups. Differences were evaluated using the log rank test. Sub-group analyses were performed to identify the contribution of covariates.



Inverse Probability of Treatment Weighting (IPTW)

We conducted a sensitivity analysis. Baseline differences were balanced by the inverse probability of treatment weighting (IPTW) based on the propensity score. The significance level was set as a 2-tailed p-value of 0.05. All data and statistics were processed and analyzed by SPSS version 18.0 (SPSS Inc., Chicago, IL, USA).




RESULTS

As shown in Figure 1, Taiwan's LHID enrolled a total of 486,069 female participants. After propensity score matching, this study included 13,988 EM patients and 13,988 non-EM patients registered between 1 January 2000, and 31 December 2012. A flowchart for participants' enrollment in the study is depicted in Figure 1. The baseline characteristics of the two groups are listed in Table 1, which shows that the distribution of covariates in matched pairs was similar and well-balanced after propensity score matched (right column). Both groups had similar frequencies of comorbidities, medication, outpatient clinic utility, and hysterectomy, and oophorectomy. The mean age of the EM group was 37.8 (±8.4) years.

Table 2 shows the results of Cox proportional hazard modeling for the evaluation of potential risk factors for developing CAD, including demographic characteristics, comorbidities, surgical procedures, and medications. The incidence rates of CAD in the EM and non-EM groups were 1.8 and 1.3 per 1,000 person-years, respectively. Compared to the non-EM group, the crude HR for CAD for the EM group was 1.46 (95% CI, 1.19–1.80, p < 0.001). The adjusted HR for CAD for the EM group was 1.52 (95% CI, 1.23–1.87, p < 0.001) in comparison with the non-EM group after adjusting for confounding factors.


Table 2. Cox proportional hazard model for estimation of adjusted HRs on coronary artery disease.
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Figure 2 shows the Kaplan-Meier curves of incidence of CAD in subjects with and without EM.
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FIGURE 2. The Kaplan-Meier curves of incidence of CAD in subjects with and without EM.


Figure 3 shows the relationship between the CAD incidence rate (Y-axis) and age (X-axis) among individuals with or without EM for additional insights.
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FIGURE 3. The relationship between the CAD incidence rate (Y-axis) and age (X-axis) among individuals with or without EM.


Table 3 displays the hazard ratios and the 95% confidence intervals of CAD risk using stratified Cox proportional hazard regression among the matched groups. Stratified analysis revealed that the adjusted HR was 1.73 (95% CI = 1.16–2.59, p = 0.008) in the subgroup of patients aged 20–39 years. The adjusted HR was 1.33 (95% CI = 1.02–1.75, p = 0.039) in a subgroup of patients from 40 to 49 years old. The P-value for interaction was 0.785. There seemed to be no interaction effects between age and the exposure of EM on the incidence of subsequent CAD.


Table 3. Subgroup analysis of Cox proportional hazard model.
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Tables 4, 5 provide two sensitivity analyses examining the reliability of the HR of CAD in different matching methods and covariate adjustment. Table 4 shows that for the sensitivity analysis using IPTW, the adjusted HR was 1.55 (95% CI = 1.44–1.67, p < 0.001). Table 5 shows that for another sensitivity analysis using IPTW with different scenarios (adjusted age, comorbidities, surgical procedures, corticosteroids, and NSAIDs (not including the protective medications aspirin and statins), the adjusted HR was 1.51 (95% CI = 1.39–1.62, p < 0.001).


Table 4. Sensitivity analysis by using inverse probability of treatment weighting.
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Table 5. Sensitivity analysis by using inverse probability of treatment weighting (not included aspirin and statin).
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In Supplement Table 1, we have added a subgroup analysis. We applied hormone therapy as a proxy for severer EM. Detail information about hormone therapy is listed in Supplement Table 2. Our findings show that among EM patients, the risk of subsequent CAD was higher in the hormone therapy subgroup than in non-EM patients (aHR, 2.01; 95% CI, 1.59–2.54, P < 0.001). We hypothesize that EM patients treated with hormones indicate a more severe EM status.

In Supplement Table 3, we have added a sensitivity analysis for a different scenario to define EM cases. Since the gold standard diagnosis of EM is based on the laparoscopy, and may be validated by more advanced image system, such as magnetic resonance image, therefore, eligible EM patients were defined as ICD coding with associated examinations (such as laparoscopy, or magnetic resonance image) which was performed within 180 days before or after the index date. The result shows consistent finding that EM is positively associated with subsequent CAD (aHR, 1.60; 95% CI, 1.29–1.98, P < 0.001).



DISCUSSION

The results of this nationwide population-based cohort study showed that patients with a history of EM were associated with a 1.52-fold risk of new-onset CAD compared with the general population without a medical diagnosis of EM. Furthermore, associations of EM with CAD were found to be most significant in younger female patients in the 20–39 years age group. Atherosclerosis is a progressive disease that may take years to advance. Therefore, the separations of two KM curves in the study just after the diagnosis of EM may be not fully explained by chronic inflammation. Notably, indolent EM has an average period of 8–10 years before clinical diagnosis in Asia and Europe (18).

The study results suggest that EM is a potential risk factor for CAD. Gynecologists tend to ignore the possible high risk of CAD among EM patients. The comprehensive treatment plan provided to people with traditional CAD risk factors should also be provided to patients with EM, especially young women. Policy makers are encouraged to enforce screening for CADs in endometriosis patients aged 20–39 years and to provide more integrated care between gynecology, cardiology, and healthy lifestyle promotion.

This study had several strengths, including longitudinal study design, large sample size, 13-year follow-up, good sampling method, and data obtained from a nationwide population-based dataset involving a whole country with one single ethnic population, rather than purposive sampling (only registered female nurses or specific age group). The propensity score matching also balanced the distribution of potential risk factors between the two groups, enabling comparison.

The advantages of using the NHIRD in epidemiological research have previously been described in detail (19). The large sample size allowed us to perform subgroup analysis and illustrate the interactions of different age groups and comorbidities. A previous large cohort study in the USA Nurses' Health Study II with 116,430 women reported that laparoscopic-confirmed endometriosis was associated with a higher risk of CAD. The strength of the NHS II study is the prospective design, laparoscopy and angiography confirmation of disease status, and inclusion of additional CAD risk factors such as lifestyle, family history, and anthropometric measurements. The association was stronger among young women (under the age of 54). In addition, it has been mentioned that the treatments for endometriosis, such as hysterectomy or oophorectomy, revealed an increased risk of CAD in women with EM (9). However, in our subgroup analysis, patients with EM and a related surgical procedure (hysterectomy or oophorectomy) did not have a higher risk of CAD (aHR 1.10, 95% CI = 0.73–1.67, p-value for interaction = 0.161). We speculate that surgically treated EM patients may be accompanied by a regression of ED in association with chronic inflammation and a reduced risk of subsequent development of CAD. Furthermore, based on our findings, although surgical treatment of EM may affect normal ovarian function, in general it should not be considered to lead to vulnerability to CAD. Further studies are required to examine the effect of surgical treatments on EM and subsequent development of CAD. The participants in (9) included different ethnic backgrounds and the diagnosis of non-fatal myocardial infarction events was from self-reported questionnaire feedback. Therefore, the real incidence of CAD events in the patients with EM could not be assessed.

Nevertheless, this study proposed that the increased risk of CAD in the women with EM was significant especially in women of the 20–39 years age group. This study also demonstrated that EM was an independent risk factor for developing CAD in Asian women aged 20–39, which was different from the study in USA. As no similar study had previously been conducted on the Asian population, possible causes might include racial, and life-style factors or other unmeasured confounders that were not available in the dataset of this study. A prominent risk of developing CAD was only observed in the first 3 years after the EM diagnosis, which might be the result of diminished inflammation associated with atherosclerosis. The patients' inflammatory status was relieved because of the medications and treatment they had undergone since the diagnosis. The underlying mechanism through which EM increases the risk of developing CAD may be the synergistic effects of systemic chronic inflammation, heightened oxidative stress, and atherogenic lipid profile associated with EM. In addition, it has been mentioned that EM, and CAD may share common genetic susceptibilities (9).

Several limitations regarding the analysis of the results need to be stated. First, the ICD-9-CM codes for the diagnosis of EM, CAD, and medical comorbidities were based on administrative claim data recorded by physicians and hospitals instead of a chart review. Consequently, there might be some inaccuracy that could have resulted in misclassification, although the Bureau of NHI uses an auditing mechanism to minimize diagnostic uncertainty and misclassification (20). EM may not be detected in most patients, and there could be under-reporting of cases. However, such non-differential misclassification always swayed the results toward the null (21). Second, some potential confounding factors of CAD like obesity, smoking, physical activity, and degree of systemic inflammation (like C-reactive protein) were not covered in this study, although COPD had been investigated in several previous studies (22, 23) as a proxy variable for cigarette smoking. Third, it remains uncertain whether the findings in this study could be generalized to other ethnic groups. The findings, therefore, should be interpreted with caution given some methodological flaws, such as the absence of data on important CAD risk factors and EM disease severity measurement.



CONCLUSIONS

This 13-year national population-based cohort study showed that patients with EM were associated with a higher incidence of CAD after adjusting for demographic characteristics, relevant confounding factors. Further studies are encouraged to focus on EM treatment, including anti-estrogen effect, or androgen like drug treatment or transient decline of estrogen after definite surgery, and subsequent risk of CAD.
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COPD, Chronic obstructive pulmonary disease.
NSAIDs, Non-Steroidal Anti-Inflammatory Drugs.
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