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Abstract

Purpose of review: The purpose of this review is to discuss the most up to date research on
endometriosis and chronic disease risk, highlighting the role treatments for endometriosis may
play in these associations.

Recent findings: Previous studies have shown a consistent association between endometriosis
and risk for epithelial ovarian cancer but the association with other cancers is less clear. Current
research indicates that endometriosis may in be associated with risk of systemic lupus
erythematosus, and potentially other autoimmune diseases. Limited evidence is also present for the
association between endometriosis and cardiovascular disease and related conditions (e.g,.
hypertension, hypercholesterolemia). A potential explanation for a portion of the increased risk of
chronic diseases among women with endometriosis may relate to treatments for endometriosis
impacting these outcomes.

Summary: Given the prevalence of endometriosis, understanding the relation between
endometriosis and other chronic diseases has the potential to impact the health of many women.
However, few high-quality studies with limited biases and adequate follow-up currently exist.
Future multi-disciplinary research in prospective cohorts, with ample follow-up time, and detailed
information on endometriosis characteristics and treatment is critical to advancing our
understanding of this disease and its consequences.
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Endometriosis is a common, chronic, gynecologic condition characterized by the presence of
endometrial-like tissue outside of the uterine cavity. It affects approximately 10% of
reproductive age women resulting in significant health care costs and morbidity. Women
with endometriosis may experience many different symptoms and facets of pain including
chronic pelvic pain (CPP), dysmenorrhea, dyspareunia, dysuria, and dyschezia. In addition,
a significant portion of women with endometriosis also suffer from infertility. These
symptoms result in substantial individual and societal level costs.

There are several hypotheses to explain the pathophysiology of endometriosis. The two most
accepted hypotheses for endometriosis development include (i) Sampson’s theory of
retrograde menstruation, which proposes that implantation and growth of endometrial-like
tissue on extra-uterine structures leads to the development of the disease, and (ii) that
plaques, particularly those involving the ovaries, are generated by monoclonal tumors that
arise from a somatic mutation of ovarian epithelium or pelvic peritoneal mesothelium.
Pathways to initiation of coelomic metaplasia remain undetermined, although it is
hypothesized that inflammation may play a key role.

Once endometriosis has developed, inflammation may contribute to scarring on peritoneal
surfaces, which increases production of prostaglandins, metalloproteinases, cytokines, and
chemokines. These inflammatory processes are thought to be responsible for fibrin
deposition and adhesion formation. Inflammation, coupled with immune dysregulation, is
also thought to contribute to the survival of endometrial tissue outside the uterus
contributing to disease progression. Studies showing elevated inflammatory cytokines and
dysregulation of mononuclear cells in the peritoneal fluid surrounding endometriotic lesions
lend support to inflammation and aberrant immune function as important factors in
endometriosis progression.

Recently, it has been recognized that women with endometriosis may be at higher risk for
other chronic diseases. However, research in this area has been complicated by
methodologic challenges. These challenges have been discussed in detail in previous reviews
(1, 2) and include challenges with the endometriosis case definition, temporality and overlap
of disease onset and diagnosis, impact of endometriosis treatment on risk for other chronic
diseases, confounding from shared risk factors, and propensity for biases (e.g., detection
bias, recall bias). In this review, we will discuss the most up to date research on
endometriosis and chronic disease risk. We will discuss how the underlying pathophysiology
of endometriosis may influence these associations and we will highlight the role treatments
for endometriosis may play in these associations. While there is no universal cure for women
with endometriosis, many of the commonly utilized treatment options (e.g. hormonal
medications, non-steroidal anti-inflammatory drugs (NSAIDs), hysterectomy,
oophorectomy) may alter risk of chronic diseases later in life.
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Mechanisms of association

There are several potential pathways of the association between endometriosis and chronic
disease which vary by disease state (Figure 1), including altered milieu/aberrant
environment, shared risk factors, and treatments for endometriosis.

Aberrant environment/altered milieu

Inflammation: Women with endometriosis have a hyper-inflammatory milieu both locally
(in the peritoneal cavity) and systemically. Several inflammatory markers are elevated in
women with endometriosis, such as intracellular adhesion molecule 1 (ICAM-1), C-reactive
protein (CRP), interleukin-1 and 6 (IL-1 and IL-6), tumor necrosis factor-a (TNF-a) and
vascular endothelial growth factor (VEGF). Elevation of these markers may influence the
increased risk of CVD among women with endometriosis. In addition, inflammation has
been suggested to play a role in ovarian cancer carcinogenesis, including as a mechanism for
the association with endometriosis.

Altered hormonal environment: Certain hormonal alterations, particularly a
hyperestrogenic environment, are associated with the development of endometriotic tissue.
Endometriosis plaques have estrogen, progesterone, and androgen receptors and grow in the
presence of estrogen, but atrophy when exposed to androgens. This altered environment may
place women with endometriosis at risk for hormonally driven cancers. Treatments for
endometriosis, that reduce estrogen levels, could reduce risk of some cancer types, while
progesterone dominant treatments may decrease endometrial cancer risk, while potentially
increasing breast cancer risk (3).

Immune Response: Although the etiology of endometriosis remains unclear, a leading
hypothesis is that aberrant immune system surveillance of tissue fragments from retrograde
menstruation promotes the implantation of endometriotic lesions. Thus, endometriosis may
be a signal of immune dysregulation that is detectable early in life. Women with
endometriosis have been found to have decreased NK cell cytotoxicity and increased
macrophage numbers and activation. Macrophages, lymphocytes, and pro-inflammatory
proteins in the peritoneal space have been associated with endometriosis lesion survival (4-
6). Compared to women without endometriosis, women with endometriosis have depressed
cell-mediated immunity but increased humoral immune response (7-9) — abnormalities that
may contribute to risk of multiple autoimmune conditions.

Shared risk factors

It is important to recognize that when researching associations between comorbid
conditions, a thorough understanding of overlapping risk factors shared between the two
conditions is crucial. For example, early age at first menstrual period, short menstrual cycle
length, and nulliparity are risk factors for both endometriosis and for some chronic disease
endpoints (e.g. ovarian cancer, breast cancer). Thus, without the appropriate study design
and statistical confounding strategy, observed associations could be driven by outside factors
that increase risk of both disease states.
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While endometriosis lesions are considered non-malignant, a great deal of research has
investigated the relationship between endometriosis and risk for malignancies. The strongest
and most consistent association has been between endometriosis and risk for epithelial
ovarian cancer. While the association between endometriosis and risk of other cancers is less
well-studied, with less robust and primarily unclear results (10).

Ovarian cancer

Ovarian carcinomas are the 17! most common cancer in U.S. women, resulting in lifetime
risk of ovarian cancer of 1.3% for a woman in the general population.(11) The term ovarian
cancer often encompasses cancers of ovarian, tubal, and peritoneal origin, of which there are
five major histotypes. High-grade serous is the most common, accounting for approximately
70-74% of cases, followed by clear cell (10-26%), endometrioid (7-24%), mucinous (2-6%),
and low-grade serous (3-5%) (12). It has recently been recognized that most high-grade
serous tumors likely originate from fallopian tube epithelial cells, while endometrioid and
clear cell tumors show a strong association with endometriosis. Women with endometriosis
have consistently been shown to be at an increased risk of the endometrioid and clear cell
histotypes, with more recent consortia analyses also reporting increased risk for low-grade
serous (13, 14). In an international pooled analysis of cohort studies, the Ovarian Cancer
Cohort Consortium (OC3) reported hazard ratios (HR) of 2.32 (95% confidence interval
[CI]=1.36-3.95) and 2.87 (95% CI=1.53-5.39) for the associations between endometriosis
and the endometrioid and clear cell histotypes, respectively. In addition, the OC3 also
reported an increased risk of well-differentiated serous carcinoma (i.e. low-grade serous)
(HR=3.77 [95% Cl=1.24-11.48])(14). Consistent with these results, the Ovarian Cancer
Association Consortium (OCAC), combined 13 case-control studies of ovarian cancer and
observed increased risks with the endometrioid (odds ratio [OR]=2.04 [95% C1=1.67-2.48]),
clear cell (OR=3.05 [95% C1=2.43-3.84]), and low grade serous (OR=2.11 [95%
Cl=1.39-3.20]) histotypes (13). While these are robust epidemiologic associations, the
absolute risk of ovarian cancer among women with endometriosis is still quite low, with a
lifetime risk of approximately 1.8%, slightly higher than the general population.

In addition to differences in risk by ovarian cancer histotypes, prior research has also
suggested that there is heterogeneity in the relationship by endometriosis lesion type (15).
While ovarian endometriosis (e.g., endometrioma) is the primary type of endometriosis
lesion associated with ovarian cancer, peritoneal endometriosis has also been associated with
ovarian cancer risk (16). A Finnish registry based reported a standardized incidence ratio
(SIR)=4.72 (95% CI1=2.75-7.56) for the association between ovarian endometriosis and risk
of the endometrioid histotype, and an SIR of 2.03 (95% CI1=1.05-3.54) for peritoneal
endometriosis with a similar pattern observed for the clear cell estimates. In addition, cancer
driver mutations have been recently identified in some, but not all, deep infiltrating
endometriosis lesions, however, these type of lesions are not thought to transform into
ovarian cancer (17). Thus, there is currently little evidence to help identify which
endometriosis lesions will progress to ovarian cancer. Further, there has been great interest
in understanding the role of excision surgery for women with endometriosis and ovarian

Curr Obstet Gynecol Rep. Author manuscript; available in PMC 2021 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Farland and Harris

Page 5

cancer risk. Research has suggested that excision of ovarian endometriomas does not always
reduce future development of endometriosis-associated ovarian cancer (18, 19), while the
complete removal of endometriosis tissue in women without involvement of the ovaries has
been demonstrated to reduce risk of ovarian cancer (20). Varying mechanisms have been
proposed to explain these observations and have been discussed in detail in previous reviews
(21, 22). One hypothesis is that excision of endometriomas may not remove all cells as some
become trapped in ovarian follicles and then accumulating exposure to inflammation due to
repeated ovulatory cycles (the “incessant ovulation” hypothesis described below) (21-24)
ultimately can result in ovarian cancer.

It is important to note that as the absolute risk of ovarian cancer among women with
endometriosis is low (~1.8%) (25), the risk of ovarian cancer must be balanced with the risk
of adverse outcomes from endometriosis surgery. Beyond surgery, endometriosis treatments
have the potential to impact ovarian cancer risk. However, research on epidemiologic
factors, including treatments, that could predict the endometriosis to ovarian cancer
transition has been sparse. Oral contraceptive use (a first-line medical therapy for
endometriosis), has demonstrated the strongest reduction in ovarian cancer risk among
women with endometriosis (26). The mechanism behind this reduction in risk is not clear. It
may occur through reducing lifetime number of ovulatory cycles (“incessant ovulation
hypothesis” of ovarian cancer development)(23, 24) and/or through reduction in endometrial
thickness which would in turn decrease retrograde menstruation; more research is needed in
this area.

Skin Cancer

Skin cancer is the most common type of cancer globally (27, 28). Cutaneous melanoma has
a low incidence, but higher metastatic potential, while non-melanoma skin cancers (NMSCs)
including basal cell carcinoma (BCC) and squamous cell carcinoma (SCC) are more
common. Prior research on endometriosis has suggested an association between phenotypic
traits that are associated with sensitivity to sun exposure (red hair, freckling, moles,
propensity to sunburn) and endometriosis incidence. Additionally, there is increasing
evidence that melanoma may be influenced by hormonal exposures. Thus, researchers have
been interested in investigating the association between endometriosis and risk of skin
cancer. A recent meta-analysis of nine studies investigating the association between
endometriosis and risk of melanoma indicated a 15% increased risk of melanoma (SRR
[standardized rate ratio]=1.15 (95% CI1=0.97-1.36)) (10). However, this finding did not meet
the threshold of statistical significance. Far fewer studies have examined the association with
endometriosis and risk of non-melanoma skin cancers (10, 29-33). The most recent study,
based on Finnish registry data, reported an increased risk of basal cell carcinoma (BCC)
with a standardized incidence ratio (SIR) of 1.18 (95% CI=1.10-1.25) but no association
with other non-melanoma skin cancers (SIR=1.08 [95% CI1=0.83-1.38]) (32). A similar
effect estimate for BCC was observed by Farland, et al., (HR=1.16 [95% C1=0.91-1.48]),
although the results were not statistically significant. In addition, Farland, et al. observed a
stronger association between endometriosis and BCC among women who had never used
premenopausal progestogens, a treatment for endometriosis symptoms. The authors
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hypothesized that this could indicate that endometriosis stage or severity could modify BCC
risk (30), however, additional research is needed to confirm these findings.

The pathophysiology supporting a relationship between endometriosis and skin cancer is not
confirmed and likely differs between melanoma and non-melanoma skin cancers. It has been
suggested that hormonal factors (i.e. age at menarche, menstrual regularity, oral
contraceptives, hormone replacement therapy), may be associated with risk of melanoma
(34-36), thus a hormonal pathway may be implicated for both endometriosis and melanoma
risk. Additionally shared environmental (e.g. sun exposure, chemical exposure) and genetic
factors (e.g. red hair (37-40), freckling (41, 42), number of naevi (40, 41, 43, 44), skin
sensitivity to sun exposure (41, 42, 44, 45), and eye color (42, 46)) may increase risk of both
conditions. Research related to endometriosis and skin cancer should be replicated and
future research should emphasize heterogeneity in endometriosis diagnosis and skin cancer
(e.g. location of neoplasm, age at onset).

Breast Cancer

Multiple studies have examined the association between endometriosis and breast cancer
risk with mixed results, with studies reporting increased, decreased, and null associations
(10, 47). In a 2018 meta-analysis Gandini et al., calculated a SRR of 1.04 (95%
Cl=0.99-1.09) for the association between endometriosis and risk of breast cancer among 18
studies; however, the between study heterogeneity was high (12=59%). Multiple hormonal
hypotheses have been put forth to support an association between endometriosis and breast
cancer, as there are many overlapping risk factors (e.g. earlier age at menarche, shorter
menstrual cycle length, leaner body size, nulliparity). Additionally, earlier age at menopause,
that may be induced by oophorectomy, may increase breast cancer risk. While most cases of
breast cancer are not of a genetic origin, carriers of BRCA1/2 (breast cancer susceptibility
genes 1 and 2) mutations are estimated to have a 60-80% lifetime risk of developing breast
cancer. While the research related to BRCA and infertility have been conflicting (48), there
has been no evidence of an association between endometriosis and BRCA 1/2 mutations.
Progesterone-dominant treatments for endometriosis may also contribute to an increased risk
of breast cancer.

Breast cancer is increasingly being understood as a heterogeneous disease. Therefore, an
important limitation of previous work has been the examination of all breast cancer cases
together, despite the recognition that risk factors and biology may different between different
breast cancer subtypes (e.g. hormone receptor status, menopausal status at cancer onset,
histologic type) (49, 50). Future work examining the association by tumor hormone receptor
status, molecular subtype, and menopausal status may help clarify these mixed findings.

Endometrial cancer

At least sixteen studies have examined the association between endometriosis and
endometrial cancer. A meta-analysis performed by Gandini et al., reported a SRR of 1.38
(95% CI1=1.10-1.74) for the association with endometrial cancer, however large between
study heterogeneity was reported (12=79%) thus this summary result should be interpreted
with caution (10). Many of the case-control and cross-sectional studies (51-55) included in
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this meta-analysis reported that women with endometriosis were at an increased risk of
endometrial cancer, while the cohort studies (16, 29, 56-59) tended to report null or modest
positive associations that did not reach the threshold of statistical significance. This pattern
may suggest that the non-prospective studies on this topic may have a higher potential for
recall bias which would over-estimate associations. With respect to endometriosis treatment,
higher hysterectomy rates and utilization of progesterone-dominant treatments among
women with endometriosis could impact this association if this potential mediator was not
properly accounted for in the analysis.

Autoimmune diseases

Immunologic abnormalities have been previously reported among women with
endometriosis suggesting an aberrant immunologic response may play a role in its
pathogenesis (4). Many autoimmune diseases (e.g., rheumatoid arthritis [RA], systemic
lupus erythematosus [SLE]), are more common in women (60), consequently sex-specific
hormones likely play a role in their etiology (60, 61). In addition, most autoimmune diseases
have a strong genetic component with an estimated heritability of 66% for SLE and 66-68%
for RA (62) while endometriosis is estimated to have a heritability of approximately 52%
(63). However, to our knowledge, no studies have examined the shared genetics of these
conditions.

In regards to observational studies, A survey of a national endometriosis patient group
indicated that women with endometriosis also experienced a variety of comorbid
autoimmune conditions (64, 65). Recently, a systematic review and meta-analysis examined
the current literature in regards to the association between endometriosis and autoimmune
diseases (SLE, Sjogren’s syndrome [SS], RA, autoimmune thyroid disorder, celiac disease
[CD], multiple sclerosis [MS], inflammatory bowel disease [IBD], and Addison’s disease) in
population-based studies (66). Of the 26 studies included in the review, the quality of
evidence based on the Grades of Recommendation, Assessment, Development, and
Evaluation (GRADE) criteria (67) was judged as “Low or Very Low” due to issues with
study design (i.e. cross-sectional), risk of bias, unrepresentative study populations, and
inadequate adjustment for confounding. Given this low quality of evidence in many studies,
our evaluation of the autoimmune disease literature will focus on articles with only limited
methodologic issues.

In the recent meta-analysis conducted by Shigesi, et al., three studies of SLE were evaluated
as high quality (66). The effect estimates (95% confidence intervals [CI]) for a higher risk of
SLE among women with endometriosis were 1.4 (95% CI 1.1-1.8) (68), 1.6 (95%
Cl=1.2-2.1) (69), and 2.0 (95% CI=1.2-3.5) (70). Similar associations were seen in the two
high quality studies (70, 71) of RA, however the summary effect estimate was not
statistically significant (1.5 [95% CI=0.7-3.0]) (66). High-quality studies that have been
published on the association between endometriosis and other autoimmune conditions have
been extremely limited; however, Shigesi et al., concluded that associations with CD, MS,
and IBD were present in at least one high quality study.
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In the context of the sparse published literature is it difficult to disentangle whether
autoimmune diseases and endometriosis are associated primarily due to a common influence
of immunological abnormalities and hormonal factors, or whether a portion of the increased
risk of autoimmune diseases among women with endometriosis may relate to treatments for
endometriosis impacting these outcomes (1). In an analysis in the Nurses’ Health Study 11
(NHSII), a prospective cohort study of over 116,000 women, adjustment for hysterectomy
and oophorectomy attenuated the observed associations between endometriosis and both
SLE and RA (70). Twenty three percent and 22% of the association between endometriosis
and SLE were attributable to hysterectomy and oophorectomy, respectively; the
corresponding estimates for RA were 35% and 43%. Hysterectomy is sometimes used to
alleviate symptoms associated with endometriosis, and this may increase autoimmune
disease risk. Supporting this, surgical menopause has been associated with risk of SLE and
RA (72, 73). Further, in analyses using a case-control design with Swedish registry data, the
association between endometriosis and SLE was strongest when restricted to endometriosis
diagnosed at the same time as hysterectomy (OR=2.26 [95% Cl=1.47-3.64]) (68), which
may point to at least a partial role for hysterectomy in modifying risk of SLE among women
with endometriosis.

Cardiovascular Disease

Women with endometriosis have been shown in prior research to have a higher risk of
hypertension (74), hypercholesterolemia (74-77), and subclinical atherosclerosis (78),
suggesting an adverse vascular profile (79, 80). A recent meta-analysis (81) highlighted
prior research that has investigated the relationship between endometriosis and dyslipidemia
(75, 76, 82-87). While there have been differences across studies in parameters measured
and timing of those measurements (e.g. before vs. after endometriosis surgery), two case-
control studies found that women with endometriosis had higher levels of low-density
lipoprotein (LDL) (75, 76). LDL is sometimes referred to as “bad cholesterol” and can lead
to cholesterol build-up in arteries. These case-control findings support the recent finding of
the only prospective cohort study to investigate whether women with endometriosis were at
increased risk for experiencing hypercholesterolemia. The NHSII found that women with
endometriosis were at a 25% increased risk of developing (95% CI=21-30)
hypercholesterolemia later in life (74). The risk was strongest among younger women (< 40)
(p-value interaction=<0.001). Similarly, the Japan Nurses’ Health Study (n=49,927), using
cross-sectional data, found that women with endometriosis were at a 30% increased odds of
prevalent hypercholesterolemia (95% C1=15-47), although they were unable to adjust for
any confounding factors (54).

Both the Japan Nurses’ Health study and the NHSII have also found an increased risk of
hypertension for women with endometriosis. The NHSII found that women with
endometriosis had a 14% higher risk of developing hypertension (95% CI=9-18]) compared
to women without endometriosis, with the greatest risk among younger women (P-
value:<0.0001)(74). The Japan Nurses’ Health Study found also reported an increased risk
among women with endometriosis (odds ratio [OR]=1.26 [95% CI: 1.07-1,47])(54).

Curr Obstet Gynecol Rep. Author manuscript; available in PMC 2021 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Farland and Harris

Page 9

Risk of early-onset hypertension and hypercholesterolemia is concerning because it may
increase risk for cardiovascular disease later in life. Recent research from the NHSII has
suggested that women with endometriosis had a 62% greater risk of coronary heart disease
overall (95% C1=39-89) (88). They also reported a greater risk of myocardial infarction (HR
[hazard ratio]=1.52 [95% CI=1.17-1.98]), angiographically confirmed angina (HR=1.91
[95% CI=1.59-2.29]), and coronary artery bypass graft surgery/coronary angioplasty
procedure/stent (HR=1.35 [95% C1=1.08-1,69)(89). The Japan Nurses’ Health Study
supported these finding and reported a two-fold risk of transient ischemic attack (HR=1.91
[95% CI=1.26-2.90]) and cerebral infarction (HR=2.10 [95% C1=1.15-3.85]) for women
with endometriosis compared to women without endometriosis (54).

There are many hypothesized mechanisms between endometriosis and cardiovascular
disease, including overlapping pathophysiology and risk factors, as well as treatments for
endometriosis modifying risk. As discussed previously, women with endometriosis may also
have higher levels of inflammation, and inflammation is an important risk factor of
cardiovascular disease risk. It has been suggested that treatments for endometriosis may
impact risk of CVD. For example, it is well established that early age at menopause (induced
by oophorectomy) can substantially modify cardiometabolic disease onset (90, 91). Meta-
analyses have found a 40% greater risk of CVD (92), a 23% greater risk for stroke, and a
20% greater risk of CVD mortality with early age of menopause (93). In the NHSII, they
reported that the relationship between endometriosis and CVD was significantly mediated
by endometriosis treatment. Of the increased risk for coronary heart disease among women
with endometriosis, 42% (95% CI=25-60) could be attributed to hysterectomy/
oophorectomy and age at surgery, 31% (95% CIl=17-44) could be attributed to
postmenopausal hormone use and duration, and 55% (33-77%) could be attributed to all
treatment factors (i.e. hysterectomy/oophorectomy/age at surgery, postmenopausal hormone
use and duration, and analgesic use)(88). Thus, surgical treatments that are associated with
endometriosis, especially hysterectomy and oophorectomy, may have an important role in
understanding the association between endometriosis and cardiovascular disease risk.
Moreover, hormonal medications may directly and indirectly (e.g. through weight gain,
modifying lipid profile) influence CVD risk. Progestin dominant therapies and synthetic
androgens (e.g. Danazol) have been found to adversely affect women’s lipid profile (94-99),
which may increase risk of cardiovascular disease. However, prior research on CVD risk has
not been able to account for the role of these treatment types (74).While, obesity is an
established risk factor for cardiovascular disease, the relationship with endometriosis is
complex, as most research suggests that obesity and large body size are associated with a
reduced risk of endometriosis development (100, 101). However, hormonal treatments for
endometriosis have been shown to influence weight gain (97, 102, 103). Clinicians and
patients considering these therapies may benefit from counseling around potential
cardiovascular disease risk.

Conclusions

Given the prevalence of endometriosis, understanding the relation between endometriosis
and other chronic diseases has the potential to impact the health of many women. However,
few high-quality studies with limited biases and adequate follow-up currently exist. Thus,
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our ability to fully understand the underlying mechanisms of the relationship between
endometriosis and chronic diseases is limited. Future multi-disciplinary research in
prospective cohorts, with ample follow-up time, and detailed information on endometriosis
characteristics and treatment is critical to advancing our understanding of this disease and its
consequences.
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Figure 1.
Potential pathways of association between endometriosis and chronic diseases
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