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Endometriosis is a chronic gynaecological disease affecting 1 in 10 reproductive-age women. It is defined as the presence of
endometrium-like tissue outside the uterus. Beyond this placid anatomical definition, endometriosis is a complex, hormonal, inflammatory,
and systemic condition that poses significant familial, psychological, and economic burden. The interaction between the cardiovascular
system and endometriosis has become a field of interest as the underlying mutual mechanisms become better understood. On the basis
of accumulating fundamental and clinical evidence, it is likely that there exists a close relationship between endometriosis and the cardio-
vascular system. Therefore, investigating the endometriosis—cardiovascular interaction is highly clinically significant. In this review, we
highlight our current understanding of the pathophysiology of endometriosis with systemic hormonal, pro-inflammatory, pro-angiogenic,
immunologic, and genetic processes beyond the peritoneal microenvironment. Additionally, we provide current clinical evidence about
how endometriosis interacts with cardiovascular risk factors and cardiovascular disease (CVD). To date, only small associations between
endometriosis and CVD have been reported in observational studies, inherently limited by the potential influence of unmeasured con-
founding. Cardiovascular disease in women with endometriosis remains understudied, under-recognized, and underdiagnosed. More
detailed study of the cardiovascular-endometriosis interaction is needed to fully understand its clinical relevance, underlying pathophysi-
ology, possible means of early diagnosis and prevention.
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Introduction

Endometriosis is a chronic gynaecological disease estimated to affect
10% of reproductive-age women.1 Recent insights have linked endo-
metriosis to several pathological mechanisms ranging from systemic
inflammation, pro-atherogenic lipid profile, and enhanced oxidative
stress to endothelial dysfunction.2 Considered as a systemic disease,
the pathogenesis of endometriosis and the impact of the disease re-
main poorly understood. Robust knowledge is restricted to data
from women surgically diagnosed with endometriosis limiting the de-
velopment of multidisciplinary approaches to ameliorate the substan-
tial cumulative burden of this condition.

A focused update consensus document on gynaecological and ob-
stetric conditions that impact cardiovascular risk in women was
released in March 2021.3 The scarcity of a strong dataset limited the
ability to provide clear evidence regarding the pathophysiology,
pathogenesis, and prognosis of endometriosis in cardiovascular dis-
ease (CVD). Here, we review relevant evidence regarding the rela-
tionship between endometriosis and CVD.

The purpose of this review article is to further our understanding
of the shared mechanisms underlying endometriosis and atheroscler-
otic CVD, by contextualizing biological pathways common to both
diseases, addressing the association between cardiovascular risk fac-
tors and endometriosis, and finally, highlighting key clinical evidence
that link endometriosis with adverse cardiovascular events.

Endometriosis: overview

Endometriosis: epidemiology, symptoms,
diagnosis, and treatment
Endometriosis is estimated to affect 10% of reproductive-age
women. The true prevalence of endometriosis remains unknown
since historically, diagnoses have only been made using laparoscopy
and more recently multimodal imaging techniques. Misdiagnosis
remains common, and diagnosis is often largely delayed by years.
Currently, the prevalence ranges from 2% to 11% among asymptom-
atic women, 5% to 50% among infertile women, and 5% to 21%
among women with pelvic pain.1,4,5

The most common signs and symptoms of endometriosis include
chronic pelvic pain, dyspareunia, dysmenorrhoea, and infertility, al-
though asymptomatic cases can arise.6 Subsequently, decreased quality
of life, fatigue, depression, high analgesic consumption, and reduced
work productivity may occur. Endometriosis poses a major economic
burden, similar to diabetes, with an estimated annual cost per patient
of e95797 (Figure 1). The condition presents with four phenotypes:
superficial peritoneal lesions, ovarian endometriomas, deep infiltrating
endometriosis, and extragenital areas including such as peripheral
nerves as well as rectal, diaphragmatic, and pleural locations.6,8,9

Because endometriosis manifests in a wide spectrum of severity,
from asymptomatic cases to severe conditions, diagnosis is challeng-
ing and often delayed. Classical symptoms such as chronic pelvic pain,
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.dysmenorrhoea, and dyspareunia are non-specific and can overlap
with other conditions involving the urinary or digestive tract. Key fea-
tures of endometriosis can be identified during patient interviews
through a family history of endometriosis, including a cyclic nature of
pelvic pain, poor or no response to analgesics, severe primary dys-
menorrhoea during adolescence and infertility.6 Although a normal
physical examination does not rule out endometriosis, pelvic and rec-
tal examination may detect infiltration and palpable sensitive areas
involving the pelvic cavity (vagina, rectovaginal septum, uterosacral
ligaments, and pouch of Douglas). The low diagnostic performance of
physical examinations may improve during menstruation10,11 but a
key step in diagnosis now involves non-invasive imaging techniques
with transvaginal ultrasound12,13 and magnetic resonance imag-
ing.14,15 Diagnosis of endometriosis should be based on patient inter-
views, examination and imaging, and surgery should be restricted to
diagnostic uncertainty and persistent symptoms despite an optimal
medical therapy.6 Currently available therapeutic approaches
include medical treatment with non-hormonal (non-steroidal anti-
inflammatory drugs) and hormonal treatments (combined oral
contraceptives, progestins, and gonadotropin-releasing hormone
analogues), surgery (conservative and definitive), and assisted
reproductive technologies in patients with endometriosis-related
infertility.

The pathobiology of endometriosis
The pathobiology of endometriosis is complex, and synergistic bio-
logical pathways are required to facilitate the establishment and per-
sistence of endometriotic debris within the peritoneal cavity and
ectopic regions. Endometriotic debris is characterized by epithelial,
stromal, endothelial, glandular, and immune cell components with

altered immunoinflammatory profiles compared with normal endo-
metrium.16,17 A pro-inflammatory, pro-angiogenic, and aberrant
immune-endocrine environment is required to facilitate the growth
and survival of endometriotic lesions (Figure 2).

Immune cells are predominantly implicated in endometriosis
pathogenesis, including neutrophils, macrophages, monocytes, and
regulatory T cells. Intense neutrophil and macrophages infiltration
has been observed in eutopic endometrium and the peritoneal
fluid.18 At sites of inflammation, macrophages and mast cells drive
neutrophil recruitment through the release of chemokines. A local-
ized and systemic inflammatory response is observed in endometri-
osis, with elevated cytokine levels (IL-6, IL-8, IL-17, IL-33, TNF-a, etc.)
in both the peritoneal fluid and plasma. Impaired T cell, B cell, mast
cell, dendritic cell, and natural killer cell function influences disease es-
tablishment and progression.19 Collectively, this promotes aberrant
local and systemic chronic inflammation. Angiogenesis is supported
by damage-associated molecular patterns, such as high-mobility
group box 1, IL-33 and other cytokines, and high VEGF expression.
Local synthesis of oestradiol from endometriotic lesions combined
with enhanced oestrogen receptor (OR) expression in endometri-
otic tissues contributes to disease progression. Enhanced OR expres-
sion has been associated with enhanced inflammatory activity
through cytokine release, anti-apoptotic signalling, angiogenesis, and
subsequent lesion growth.20,21 Endothelial cell damage, endothelial
dysfunction, increased oxidative stress,22 and increased levels of
microvesicles23 have been reported both at the site of endometriosis
and in peripheral blood.

Most processes and biomarkers discussed in the pathobiology of
endometriosis demonstrate compelling associations with athero-
sclerosis and CVD development in general. Future research is

Figure 1 Epidemiology and economic burden of endometriosis.
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necessary to clarify the mechanistic roles of these intercellular com-
munication mediators in endometriosis relative to facilitating the de-
velopment of other comorbid conditions (Figure 3).

Endometriosis and atherosclerosis

Endometriosis and atherosclerosis:
shared pathophysiological mechanisms
The most widely accepted pathophysiological hypothesis for endo-
metriosis is based on retrograde menstruation, which occurs in most
patients.24 Menstrual blood containing endometrial cells flows back
through the fallopian tubes and into the pelvic cavity, where the cells
implant, develop, continue to thicken, and bleed over the course of
each menstrual cycle. Alternative theories involving endometrial
stem cells, stem cells from bone marrow, lymphovascular emboli of
endometrial cells, and coelomic metaplasia have been proposed to
explain the unusual locations of endometriosis.

Endometriosis and atherosclerosis are traditionally viewed as dis-
tinct entities, with endometriosis typically affecting young
reproductive-age women, while atherosclerosis is an aging-related

process. Recent insights have unveiled cellular and molecular over-
laps between the two conditions. Chronic inflammation, enhanced
oxidative stress, endothelial dysfunction, and cellular proliferation are
the hallmarks of both atherosclerosis and endometriosis.24–28 The
full spectrum of the pathogenesis and pathophysiology of endometri-
osis has been extensively detailed elsewhere,2,24,29 and it is now
widely acknowledged that endometriosis is a multifactorial condition
involving hormonal, pro-inflammatory, pro-angiogenic, immunologic,
and genetic processes. Briefly, the hormone-dependent process and
proliferation of endometrial fragments require oestradiol provided
by systemic hormones and favoured by disrupted hormonal signalling
pathways.30,31 Significant macrophage recruitment combined with in-
tense activation of cytokines and pro-angiogenic factors facilitates
neovascularization and ectopic lesion growth32,33 in an enhanced
local and systemic pro-inflammatory environment.34,35 Building on
this biological overlap between atherosclerosis and endometriosis,
recent research has provided evidence supporting an association be-
tween atherosclerotic CVD and endometriosis. Increased arterial
stiffness36 and impaired flow-mediated dilation,37,38 a surrogate mark-
er of endothelial dysfunction potentially reversible after surgical
treatment,39 were associated with endometriosis.

Figure 2 Molecular pathways underpinning endometriosis. Endometriotic lesions are characterized by a unique environment. The interplay
between pro-inflammatory signals, pro-angiogenic signals, and a unique endocrine signature contribute to the pathogenesis of endometriosis. This
schematic representation of the endometriotic lesion identifies three distinct molecular pathways that facilitate lesion growth in endometriosis.
(1) Pro-inflammatory signals: increased neutrophil infiltration in the peritoneal fluid; increased macrophage populations in the peritoneal fluid and
eutopic endometrium; elevated cytokine levels (IL-6, IL-8, IL-17, IL-33, TNF-a, etc.) in both the peritoneal fluid and plasma; at sites of inflammation,
macrophages and mast cells drive neutrophil recruitment through the release of chemokines; impair regulatory T cells function. (2) Pro-angiogenic sig-
nals: Damage-associated molecular patterns: high-mobility group box 1, elevated IL-33 level, etc.; vascular endothelial growth factor. (3) Endocrine sig-
nals: local synthesis of oestradiol by endometriotic lesions; enhanced oestrogen receptor expression. ILs, interleukins; OR, oestrogen receptor; Treg
cells, regulatory T cells; VEGF, vascular endothelial growth factor.
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Shared genetic susceptibility to
endometriosis and atherosclerosis
Recent advances have identified variants at CDKN2BAS on chromo-
some 9p21 as a susceptibility locus for endometriosis40 and athero-
sclerotic phenotypes, such as intracranial aneurysm, abdominal aortic
aneurysm, peripheral vascular disease, diabetes, and stroke.41

Similarly, locus 7q22 has been associated with endometriosis and
CVD.42 CDKN2B-AS transcript levels are known to correlate with
the severity of atherosclerosis,43 and a recently published genome-
wide association study (GWAS) identified that rs10965235 single-nu-
cleotide polymorphism (SNP) in the CDKN2B-AS gene is associated
with endometriosis.44 Advances in GWASs and the application of
SNPs in the identification of increased genetic susceptibility to CVD
in women with endometriosis may be of particular interest in tomor-
row’s research.

Endometriosis and cardiovascular
risk factors

Cardiovascular risk factors are being increasingly recognized as having
a significant association with endometriosis.

Hypertension
Pioneer work by Mu et al.45 found a strong association between
endometriosis and hypertension. In a prospective cohort of 116 430
nurses between 25 and 42 years of age followed for 20 years, 4244

women were diagnosed with laparoscopically confirmed endometri-
osis. After adjusting for cofounders, the relative risk (RR) for the de-
velopment of hypertension was 1.14 [95% confidence interval (CI),
1.09–1.18] among women with endometriosis (Table 1). Conversely,
the RR of developing laparoscopically confirmed endometriosis was
1.29 (95% CI 1.18–1.41) among hypertensive women. Several
hypotheses for such associations have been proposed, starting with
the inflammatory process surrounding endometriosis known for dec-
ades as a key component in the pathogenesis of hypertension.71

Overall, 30% of the reported association between endometriosis and
hypertension was accounted for by treatment effects, namely hyster-
ectomy/oophorectomy and earlier age of surgery. A decline in the
production of sex hormones either in postmenopausal women or
after ovariectomy is known to significantly increase the risk of
hypertensive disorders.72,73 Non-steroidal anti-inflammatory drugs
aimed to reduce pelvic pain are known to increase blood pressure
and may be an important co-founder. Okoth et al.47 found an
adjusted odds ratio (aOR) of 1.12 (95% CI 1.07–1.17) for hyperten-
sion among 56 090 women with endometriosis compared with
223 669 matched controls. Finally, endometriosis is an
independent and significant risk factor for the occurrence of gesta-
tional hypertension-pre-eclampsia.46,48–50

Dyslipidaemia
Observational studies have suggested a strong association between
endometriosis and an enhanced atherogenic lipid profile. The most
convincing evidence was provided by Mu et al.45 in Nurses’ Health
Study II (NHSII; n = 116 430), with a 25% increased risk (95% CI

Figure 3 Summary of proposed mechanisms for endometriosis–cardiovascular interaction. Cardiovascular dysfunction in endometriosis may be
caused by several mechanisms, including pro-inflammatory, pro-angiogenic, and aberrant immune-endocrine function. (? indicates that future studies
are warranted.) DAMPs, damage-associated molecular patterns; ILs, interleukins; MVs, microvesicles; OR, oestrogen receptor; ROS, reactive oxygen
species; Treg cells, regulatory T cells; VEGF, vascular endothelial growth factor.

Endometriosis and cardiovascular disease 5
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1.21–1.30) to develop hypercholesterolaemia in endometriosis and a
22% increased risk (95% CI 1.15–1.31) of developing laparoscopically
confirmed endometriosis in women with hypercholesterolaemia.
The Japan Nurses’ Health Study, a cross-sectional survey of 49 927
women (2001–07), confirmed a 30% increased odds of hypercholes-
terolaemia (95% CI 1.15–1.47) in women with endometriosis al-
though there was no adjustment for confounding factors.46

Focusing on the lipid profile, in a cross-sectional study of 120
women, 40 of whom had laparoscopically proven endometriosis,
Melo et al.51 reported higher levels of total cholesterol, LDL-
cholesterol, triglycerides, and HDL-cholesterol. The altered lipid pro-
file in endometriosis has been further investigated by several reports
and yielded inconsistent results. Tan et al.74 effectively addressed
these varying results in a recent analysis of nine studies24,30,37,51–55,75

investigating the RRs of dyslipidaemia among women with endomet-
riosis. Overall, these studies were limited by a small number of
patients, differences in both parameters measured, and timing of
measurements; therefore, these results should be interpreted with
caution.

A preclinical study demonstrated altered serum lipid profiles in
mice with endometriosis.76 Later reports confirmed that dysregu-
lated phospholipid and sphingolipid metabolism plays a key role in
endometriosis pathogenesis.77–80 Sphingolipids serve as biologically
active components of cell membranes and are involved in many proc-
esses, such as proliferation, maturation, and apoptosis. Lee et al.78

provided evidence of altered sphingolipid metabolism flux in the
serum, peritoneal fluid, and endometrial tissue of women with endo-
metriosis. They observed up-regulation of specific sphingolipid
enzymes (sphingomyelin synthase 1, sphingomyelinase 3, and gluco-
sylceramide synthase) in endometriotic debris, with corresponding
increased glucosylceramide, decreased sphingomyelin levels, and
decreased apoptosis in the endometrium. Ceramides act as second
messengers in activating the apoptotic cascade and precursors for
many other sphingolipids. Elevated ceramide levels were evidenced
in the peritoneal fluid of infertile endometriotic women, triggering re-
active oxygen species formation, and leading to oocytotoxicity.81

Similarly, several investigations have suggested a pivotal role for
sphingolipids in the pathogenesis of myocardial infarction, hyperten-
sion, stroke, and diabetes.82 This set of evidence suggests that sphin-
golipids may function as mediators of interorgan and intercellular
communication. Future studies are warranted to investigate the role
of sphingolipids in endometriosis and investigate whether
endometriosis-induced sphingolipids promote a systemic pro-
inflammatory and pro-oxidant cascade, which then leads to dysfunc-
tion of other organs including those associated with the
cardiovascular system.

Obesity
An inverse relationship between endometriosis and body mass index
(BMI) is commonly acknowledged,56–63 although some studies of lim-
ited impact have reported otherwise.64,83 Reduction in the adipose
stem cell population,84 an anorexigenic effect through altered hepatic
gene expression,85 and promotion of lipid dysfunction and fat loss76

are key mechanisms thought to be involved in the clinically low BMI
phenotype observed in women with endometriosis.

Smoking, air pollution exposure, and
diabetes
While tobacco smoking is an established risk factor for ischaemic
heart disease, its relationship with endometriosis is puzzling. Indeed,
intense variation and conflicting data regarding the association be-
tween smoking and endometriosis have been reported. Several stud-
ies have suggested that smoking may be associated with a decreased
risk of endometriosis,65,66,86 but recently published data dismissed
any link between endometriosis and tobacco smoking habits.67

Similarly, the association between endometriosis and pollution expo-
sures remains speculative.87,88 Only one study from NHSII showed
no increased risk for endometriosis with regards to air pollution
exposure.68

Despite the potential overlap in the molecular pathways between
endometriosis and diabetes, namely type 1, there is no robust evi-
dence for an association between diabetes and endometriosis to
date.89 Indeed, no association between laparoscopically confirmed
endometriosis and risk of type 2 diabetes risk in a multivariable ana-
lysis could be evidenced in the NHSII.69 The risk of gestational dia-
betes mellitus among women with endometriosis remains
controversial with discordant data across studies and meta-
analyses.49,50,70

Endometriosis and cardiovascular
disease

Endometriosis and ischaemic burden
(coronary artery disease and stroke)
The first hint suggesting a possible association between ischaemic
heart disease and inflammation of the upper genital tract came with
evidence that women with pelvic inflammatory disease are more like-
ly to have myocardial infarction and stroke than the general popula-
tion.90,91 A limited number of studies suggested an association
between endometriosis, coronary artery disease (CAD), and
stroke.47,53,92–94 Only two large population-based cohort studies
have shown an association between ischaemic heart disease and
endometriosis (Table 2). Okoth et al.47 conducted a retrospective
study of 279 759 women (1995–2018) and found an aOR of 1.24
(95% CI 1.13–1.37) for a composite endpoint of ischaemic heart dis-
ease, heart failure (HF), and cerebrovascular disease if endometriosis
was present. In addition, endometriosis was associated with a 1.40-
fold (95% CI 1.22–1.61) increased risk for ischaemic heart disease
and 1.19-fold (95% CI 1.04–1.36) increased risk for cerebrovascular
disease. Similarly, NHSII included 116 430 US women (1989–2009)
and found a 52% greater risk for myocardial infarction (RR 1.52; 95%
CI 1.17–1.98) in laparoscopically confirmed endometriosis.92

Laparoscopically confirmed endometriosis was independently associ-
ated with a 1.62-fold (95% CI 1.39–1.89) increased risk of the com-
posite of myocardial infarction, angiographically confirmed angina,
and revascularization either by coronary artery bypass graft surgery
or by percutaneous coronary intervention. It is worth noting that co-
occurring endometriosis among women with myocardial infarction
did not translate into worse in-hospital outcomes.94

The association of endometriosis with the prevalence and inci-
dence of CVD appears likely from the aforementioned studies, but

Endometriosis and cardiovascular disease 11
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after considering the advances all these studies bring to the field, their
limitations must also be considered. First, the populations studied
were primarily Caucasian Europeans, limiting the generalizability of
the evidence to other ethnicities. Despite efforts to harmonize these
datasets, there are inevitable inconsistencies, including known and
unknown factors, across these reports. For instance, the definitions
of endometriosis (e.g. surgically confirmed, clinical suspicion, etc.)
and CAD (e.g. acute myocardial infarction, coronary stenosis, etc.)
varied widely across studies. This inhomogeneity among definition
added uncertainty to the cardiovascular endpoints, particularly be-
cause the pathophysiology of acute myocardial infarction (plaque
rupture and thrombosis) is not the same as the process of stable
CAD. Furthermore, some observational cohorts inconsistently
shared control groups.

Second, hysterectomy in women aged 50 years or younger has
been associated with a significantly increased risk of ischaemic heart
disease, with oophorectomy linked to an increased risk of both CAD
and stroke.96,97 Similar risk was evidenced in the NHSII cohort,92 as
42% of the association between CAD and endometriosis was poten-
tially explained by the greater frequency of hysterectomy/oophorec-
tomy and earlier age at surgery following an endometriosis diagnosis.
Accordingly, the adverse outcome portended by hysterectomy re-
gardless of oophorectomy status was associated with the adverse
risk factor profile of women who underwent hysterectomy.98

Finally, the role of hormonal treatment strategies for endometri-
osis, including combined oral contraceptives, progestins, and
gonadotrophin-releasing hormone (GnRH) analogues, has been high-
ly questioned regarding a potentially enhanced lipid profile,99 cardio-
vascular risk profile, and weight gain.100–102

Endometriosis and venous thrombo-
embolic events
Systemic inflammation is known to up-regulate procoagulant factors,
increase platelet reactivity, and favour thrombo-embolic events.103

As such, endometriosis was initially defined as a hormonal-
dependent and inflammatory disease to perfectly link inflammation
and thrombosis; however, the current picture differs substantially
from this simplistic model. Basic research and evidence reporting an
enhanced prothrombotic and inflammatory state in endometriosis
did not translate into a clinically increased risk of venous thrombo-
embolic events (VTE).

A review of the literature discloses several studies reporting an as-
sociation between endometriosis and a procoagulant state. High tis-
sue factor expression,104 increased procoagulant microparticle
levels,39 and modest systemic changes of coagulation parameters105

have been reported, but these variables did not translate into
increased VTE rates. To date, no studies have shown that endometri-
osis is associated with an increased risk of VTE except during preg-
nancy. Only anecdotal case series reported episodes of VTE mainly
favoured by extrinsic compression, pelvic mass, and immobiliza-
tion.106–109 However, careful attention should be paid to pregnant
women with endometriosis. In a nationwide Japanese birth cohort
study of 103 070 pregnancies, the frequency of VTE was 7.5 per
10 000 women during the pregnancy and post-partum period.
Endometriosis and recurrent pregnancy loss were identified as novel
independent risk factors for VTE.95

Regarding pregnancy, these results indicate that there is either no
or a weak, direct interaction between VTE and endometriosis.
Assisted reproductive techniques and, most notably, exogenous hor-
mones are nonetheless key indirect contributors to the risk of ven-
ous thrombosis and ischaemic endpoints (Myocardial infarction,
stroke, etc.) in endometriosis.110,111 Although successful fertility ther-
apy was not associated with an increased risk of CVD later in life in
the general population,111 recent updated studies reported assisted
reproductive techniques increased the risk of venous thrombosis in
women with endometriosis.112

Endometriosis, arrhythmias, and heart
failure
The literature is limited regarding HF and arrhythmias in endometri-
osis. Only one study conducted by Okoth et al.47 examined the asso-
ciation between endometriosis and several cardiovascular outcomes
including HF and arrhythmia, in a large UK retrospective matched co-
hort study. They found that endometriosis was associated with a
higher risk of arrhythmia (adjusted HR 1.26; 95% CI 1.11–1.43;
P = 0.001). The noxious impact of chronic inflammation has been
proposed by the authors to explain the association between endo-
metriosis and arrhythmia. These results should be interpreted with
caution, as no reference is made to the type of arrhythmia and several
well-known cofactors associated with arrhythmia onset were omit-
ted from the model (left ventricular ejection fraction, sleep disorders,
treatment strategies in particular hormonal treatments, hysterec-
tomy/oophorectomy status, dietary patterns, physical activity, inflam-
matory biological burden, etc.). Furthermore, cancer antigen-125, a
well-established tumour biomarker related to ovarian cancer, has
been associated with endometriosis113 and more recently with
HF114,115 and new-onset atrial fibrillation (AF).116,117 To date, there is
insufficient evidence to support a causal relationship between endo-
metriosis or arrhythmias and HF.

Endometriosis and cardiovascular
pharmacology

Several cardiovascular medications have been tested in animal mod-
els, with promising results on the establishment and maintenance of
endometriotic lesions. However, their translation into human clinical
trials has been very limited.

Statins, classically known for their roles in lowering cholesterol
and anti-inflammatory properties, have been shown to play a role in
endometriosis by modifying cell signalling in preclinical studies using
human endometriotic stromal cell cultures. Statins therapy lead to
increased apoptosis, decreased proliferation, and impaired cell adhe-
sion and motility.118,119 Additionally, statins inhibited stromal cell in-
vasion and reduced angiogenesis.120–122 Recent findings showed that
platelets play important roles in the development of endometriosis in
general and in fibrogenesis in particular.123,124 Antiplatelet treatment
was demonstrated to impede the progressive epithelial-
mesenchymal transition, fibroblast-to-myofibroblast transdifferentia-
tion, and smooth muscle metaplasia, resulting in reduced lesion size
of endometriotic lesions and fibrogenesis.123 Low-dose aspirin, used
in a preclinical setting, has lately been proposed for its ability to
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..down-regulate progesterone resistance and a target for
endometriosis-related infertility.125

Women with endometriosis tend to have higher levels of psycho-
logical stress, which is known to promote tumour growth and metas-
tasis. B-Adrenergic receptor blockade in a mouse model of
endometriosis completely abolished the promotional effect of chron-
ic stress, through suppression of ADRB2 and CREB activation, thus
suppressing angiogenesis and proliferation.126 Additionally, peri-
operative use of propranolol in a mouse model of endometriosis sig-
nificantly decelerated the growth of residual lesions that were
intentionally left out during the primary surgery.127 Similarly, telmisar-
tan inhibited vascularization, immune cell content, and growth of
murine endometriosis-like lesions.128,129

Summary and authors’
perspectives

Cardiovascular disease remains the leading cause of mortality among
women, causing 1 in 3 deaths each year,130 whereas endometriosis
affects 1 in 10 reproductive-age women. This unequivocal epidemio-
logical observation should be considered in the field of future cardio-
vascular research in women. Current clinical evidence is insufficient
to implicate a strong association and potential role for endometriosis
in CVD.

The literature is sparse regarding the association between CVD
and endometriosis (Graphical Abstract). The epidemiologically
observed associations between the two should be interpreted with
caution for several reasons. Current evidence is limited by small sam-
ple sizes, observational designs, and the specific characteristics of the
population from which the samples are derived (high-income coun-
tries, cohort study of hospital-based healthcare workers, primarily
Caucasian Europeans, etc.). Only small associations between endo-
metriosis and CVD have been reported in the literature, although in-
consistently. Representation of participants with endometriosis in
cardiovascular clinical trials and registries is challenging, as endometri-
osis remains under-recognized. Endometriosis is usually diagnosed in
higher socioeconomic groups and likely related to inequities in access
to health care. In addition to socioeconomic impact, multiple factors
can be identified as barriers to inclusion of women with endometri-
osis in CV studies: misdiagnosis is common; as diagnosis remains chal-
lenging and largely delayed by years; unawareness about ongoing
trials, combined cardiac and gynaecologic care, and monitoring in
clinical trials, etc. The chronic and heterogeneous nature of endo-
metriosis (e.g. disease stage and lesion type) and the confounding in-
fluence of hormonal, non-hormonal, and pain-related interventions
further complicate the cause-and-effect relationship in CV endpoints.

Cardiovascular disease risk estimation remains challenging, espe-
cially in women with endometriosis. Further research is needed to
better understand how endometriosis should be incorporated into
risk prediction models alongside well-established risk factors. Indeed,
the reduced quality of life and psychosocial risk factors such as de-
pression and anxiety may overlap and help to explain the predispos-
ition for CVD. In considering women with endometriosis, there is a
need to better understand the potential associations with CVD and
risk factors and to clarify the pathophysiology of the female heart at a
broader level (Graphical Abstract).

Inclusivity is therefore mandatory, and specific registries, studies,
and trials are urgently needed to address the underlying biological
mechanisms potentially shared between CVD and endometriosis,
clarify whether endometriosis can cause CVD; assess the prognosis
of endometriosis in cardiovascular patients, and finally, advance po-
tential innovative solutions and tailored management of CVD in
women with endometriosis.

Multicentre case-controlled and cross-sectional studies may be of
particular interest in women admitted to cardiology departments to
ascertain the association between endometriosis and various CVDs
(ischaemic cardiomyopathy, HF, AF, etc.) and risk factors. However,
the benefits of such study designs are limited by the fact that (i) endo-
metriosis is greatly underdiagnosed, (ii) there are asymptomatic
cases, and (iii) the assessment of specific CVD phenotypes and risk
factors distributions among endometriosis patients necessitates a
large sample. Only international and/or national levels initiatives may
have the power to address the prevalence, links, impact, and progno-
sis of endometriosis and CVD by analysing data from large-scale sur-
veys. Strong evidence regarding the association between these two
conditions obtained from large-scale cohorts or large population-
based studies, may contribute to a change in the prevention, screen-
ing, early detection, and treatment of CV risk factors among women
with endometriosis.
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Endometriosis. Nat Rev Dis Primers 2018;4:9.

25. Davignon J, Ganz P. Role of endothelial dysfunction in atherosclerosis.
Circulation 2004;109(Suppl 1):III27–III32.

26. Libby P. Inflammation in atherosclerosis. Arterioscler Thromb Vasc Biol 2012;32:
2045–2051.

27. Libby P, Buring JE, Badimon L, Hansson GK, Deanfield J, Bittencourt MS,
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Jöckel K-H, Kessler T, Kriebel J, Laugwitz KL, Marouli E, Martinelli N, McCarthy
MI, Van Zuydam NR, Meisinger C, Esko T, Mihailov E, Escher SA, Alver M,
Moebus S, Morris AD, Virtamo J, Nikpay M, Olivieri O, Provost S, AlQarawi A,
Robertson NR, Akinsansya KO, Reilly DF, Vogt TF, Yin W, Asselbergs FW,
Kooperberg C, Jackson RD, Stahl E, Müller-Nurasyid M, Strauch K, Varga TV,
Waldenberger M, Zeng L, Chowdhury R, Salomaa V, Ford I, Jukema JW,
Amouyel P, Kontto J, Nordestgaard BG, Ferrières J, Saleheen D, Sattar N,
Surendran P, Wagner A, Young R, Howson JMM, Butterworth AS, Danesh J,
Ardissino D, Bottinger EP, Erbel R, Franks PW, Girelli D, Hall AS, Hovingh GK,
Kastrati A, Lieb W, Meitinger T, Kraus WE, Shah SH, McPherson R, Orho-
Melander M, Melander O, Metspalu A, Palmer CNA, Peters A, Rader DJ, Reilly
MP, Loos RJF, Reiner AP, Roden DM, Tardif J-C, Thompson JR, Wareham NJ,
Watkins H, Willer CJ, Samani NJ, Schunkert H, Deloukas P, Kathiresan S;
Myocardial Infarction Genetics and CARDIoGRAM Exome Consortia
Investigators. Systematic evaluation of pleiotropy identifies 6 further loci associ-
ated with coronary artery disease. J Am Coll Cardiol 2017;69:823–836.

Endometriosis and cardiovascular disease 15



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
43. Ou M, Li X, Zhao S, Cui S, Tu J. Long non-coding RNA CDKN2B-AS1 contrib-

utes to atherosclerotic plaque formation by forming RNA-DNA triplex in the
CDKN2B promoter. EBioMedicine 2020;55:102694.

44. Lee GH, Choi YM, Hong MA, Yoon SH, Kim JJ, Hwang K, Chae SJ. Association
of CDKN2B-AS and WNT4 genetic polymorphisms in Korean patients with
endometriosis. Fertil Steril 2014;102:1393–1397.

45. Mu F, Rich-Edwards J, Rimm EB, Spiegelman D, Forman JP, Missmer SA.
Association between endometriosis and hypercholesterolemia or hypertension.
Hypertension 2017;70:59–65.

46. Nagai K, Hayashi K, Yasui T, Katanoda K, Iso H, Kiyohara Y, Wakatsuki A,
Kubota T, Mizunuma H. Disease history and risk of comorbidity in women’s life
course: a comprehensive analysis of the Japan Nurses’ Health Study baseline
survey. BMJ Open 2015;5:e006360.

47. Okoth K, Wang J, Zemedikun D, Thomas GN, Nirantharakumar K, Adderley
NJ. Risk of cardiovascular outcomes among women with endometriosis in the
United Kingdom: a retrospective matched cohort study. BJOG 2021;128:
1598–1609.

48. Pan ML, Chen LR, Tsao HM, Chen KH. Risk of gestational hypertension-
preeclampsia in women with preceding endometriosis: a nationwide
population-based study. PLoS One 2017;12:e0181261.

49. Lalani S, Choudhry AJ, Firth B, Bacal V, Walker M, Wen SW, Singh S, Amath A,
Hodge M, Chen I. Endometriosis and adverse maternal, fetal and neonatal out-
comes, a systematic review and meta-analysis. Hum Reprod 2018;33:1854–1865.

50. Farland LV, Prescott J, Sasamoto N, Tobias DK, Gaskins AJ, Stuart JJ, Carusi
DA, Chavarro JE, Horne AW, Rich-Edwards JW, Missmer SA. Endometriosis
and risk of adverse pregnancy outcomes. Obstet Gynecol 2019;134:527–536.

51. Melo AS, Rosa e, Silva JC, Rosa e, Silva AC, Poli-Neto OB, Ferriani RA, Vieira
CS. Unfavorable lipid profile in women with endometriosis. Fertil Steril 2010;93:
2433–2436.

52. Crook D, Howell R, Sidhu M, Edmonds DK, Stevenson JC. Elevated serum lipo-
protein(a) levels in young women with endometriosis. Metabolism 1997;46:
735–739.

53. Hopeman MM, Riley JK, Frolova AI, Jiang H, Jungheim ES. Serum polyunsatur-
ated fatty acids and endometriosis. Reprod Sci 2015;22:1083–1087.

54. Pretta S, Remorgida V, Abbamonte LH, Anserini P, Ragni N, Del Sette M,
Gandolfo C, Ferrero S. Atherosclerosis in women with endometriosis. Eur J
Obstet Gynecol Reprod Biol 2007;132:226–231.

55. Verit FF, Erel O, Celik N. Serum paraoxonase-1 activity in women with endo-
metriosis and its relationship with the stage of the disease. Hum Reprod 2007;
23:100–104.

56. Ferrero S, Anserini P, Remorgida V, Ragni N. Body mass index in endometriosis.
Eur J Obstet Gynecol Reprod Biol 2005;121:94–98.

57. Holdsworth-Carson SJ, Dior UP, Colgrave EM, Healey M, Montgomery GW,
Rogers PAW, Girling JE. The association of body mass index with endometri-
osis and disease severity in women with pain. J Endometriosis Pelvic Pain Disord
2018;10:79–87.

58. Shah DK, Correia KF, Vitonis AF, Missmer SA. Body size and endometriosis:
results from 20 years of follow-up within the Nurses’ Health Study II prospect-
ive cohort. Hum Reprod 2013;28:1783–1792.

59. Missmer SA, Hankinson SE, Spiegelman D, Barbieri RL, Marshall LM, Hunter DJ.
Incidence of laparoscopically confirmed endometriosis by demographic, an-
thropometric, and lifestyle factors. Am J Epidemiol 2004;160:784–796.

60. Hediger ML, Hartnett HJ, Louis GM. Association of endometriosis with body
size and figure. Fertil Steril 2005;84:1366–1374.

61. Pillet M-CL, Schneider A, Borghese B, Santulli P, Souza C, Streuli I, de Ziegler
D, Chapron C. Deep infiltrating endometriosis is associated with markedly
lower body mass index: a 476 case-control study. Hum Reprod 2012;27:
265–272.

62. Farland LV, Missmer SA, Bijon A, Gusto G, Gelot A, Clavel-Chapelon F,
Mesrine S, Boutron-Ruault MC, Kvaskoff M. Associations among body size
across the life course, adult height and endometriosis. Hum Reprod 2017;32:
1732–1742.

63. Liu Y, Zhang W. Association between body mass index and endometriosis risk:
a meta-analysis. Oncotarget 2017;8:46928–46936.

64. Tang Y, Zhao M, Lin L, Gao Y, Chen GQ, Chen S, Chen Q. Is body mass index
associated with the incidence of endometriosis and the severity of dysmenor-
rhoea: a case-control study in China? BMJ Open 2020;10:e037095.

65. Cramer DW, Wilson E, Stillman RJ, Berger MJ, Belisle S, Schiff I, Albrecht B,
Gibson M, Stadel BV, Schoenbaum SC. The relation of endometriosis to men-
strual characteristics, smoking, and exercise. JAMA 1986;255:1904–1908.

66. Calhaz-Jorge C, Mol BW, Nunes J, Costa AP. Clinical predictive factors for
endometriosis in a Portuguese infertile population. Hum Reprod 2004;19:
2126–2131.

67. Bravi F, Parazzini F, Cipriani S, Chiaffarino F, Ricci E, Chiantera V, Viganò P, La
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