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Abstract

Long COVID conditions entail the persistence of COVID-19-related symptoms for at least eight weeks following
SARS-CoV-2 infection. The prevalence of long COVID is estimated to range from 10 to 30% among individuals
infected with SARS-CoV-2. Despite its growing impact on healthcare systems, long COVID remains poorly
understood. In parallel, endometriosis, a chronic inflammatory condition affecting around 10% of reproductive-
age women, is marked by symptoms such as pelvic pain and infertility. The aim of this study was to assess the
association between endometriosis and long COVID. We performed a systematic review of long COVID among
endometriosis patients in Pubmed/Medline, Cochran Library and Science Direct databases from inception to
August 2023. We independently selected studies, extracted data, assessed risk of bias, and compared endometriosis
versus non endometriosis patients for long. Pooled analyses were based on random-effect models, and the

|? statistic was used to quantify heterogeneity across studies. A total of 2 cross-sectional studies (N=216,095
participants) were included. The pooled analysis comparing endometriosis to non-endometriosis patients
significantly showed association for long COVID (pooled RR=1.41 [1.31-1.52], I’=29%, p<0.001). Women, who
are disproportionately affected by long COVID, particularly those with endometriosis, may face compounded
health challenges. While our findings suggest a possible association between endometriosis and long COVID,
the evidence is currently limited to two observational studies. Further research involving diverse populations and
robust study designs is needed to confirm this relationship and clarify underlying mechanisms.
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Introduction

Post COVID-19 conditions, commonly referred to as
“long COVID’, are characterized by the persistence or
emergence of COVID-19-related symptoms lasting for
at least eight weeks following SARS-CoV-2 infection [1,
2]. Long COVID can manifest in various bodily systems,
with typical symptoms including fatigue, heart palpita-
tions, depression, muscle pain, and memory difficulties,
either individually or in combination, often leading to
impaired daily functioning [3, 4]. The prevalence of long
COVID is estimated to range from 10 to 30% among
individuals infected with SARS-CoV-2 [5-7]. With ongo-
ing waves of SARS-CoV-2 infections, the rising number
of long COVID cases have posed a significant burden
on healthcare systems in Europe and United-States for
example. Nevertheless, long COVID remains poorly
understood.

Endometriosis, on the other hand, is a common
and often chronic inflammatory condition that affects
approximately 10% of women in their reproductive years
[8, 9]. Associated symptoms include chronic pelvic pain,
dysmenorrhea, and infertility [8, 9]. Female sex is a well-
established risk factor for long COVID, but there is a
dearth of research exploring female-specific risk factors
[3, 10-13]. Interestingly, the mechanisms proposed for
the development of long COVID, such as chronic inflam-
mation, blood clotting disorders, and autoimmunity, are
also implicated in the pathophysiology of endometriosis
[14]. To date, very few studies have highlight the possible
interaction between endometriosis and long COVID [15].
Thus, the objective of this review was to evaluate the rela-
tionship between endometriosis and long COVID among
randomized and nonrandomized controlled studies.

Methods

Search strategy

The following search strategy was used: “Long COVID”
OR “Post-COVID” AND “Endometriosis” in Pubmed/
Medline, Cochran Library and Science Direct databases
among studies published from inception to December 30,
2024.

Reporting standards

We conducted and reported our study according to
PRISMA guidelines [16] and Cochrane systematic review
guidelines [17].

Eligibility criteria
Inclusion criteria for studies were based on the PICOS
(population, intervention, comparison, outcome, and
study design) framework.

Studies were included if they were conducted among
women patients with long COVID patients and having
endometriosis, involving a comparison of quantitative

Page 2 of 12

outcomes, and were randomized controlled trials or
nonrandomized studies. Abstract-only publications
were excluded. Only studies published in English were
included. Given the limited number of studies on the
association between endometriosis and long COVID,
both randomized and non-randomized studies were eli-
gible for inclusion to ensure comprehensive coverage.
As anticipated, the final selection included only observa-
tional cohort studies, which are appropriate for assessing
long-term outcomes in large populations where random-
ization is not feasible. Long COVID was defined as more
than eight weeks of symptoms according to the WHO
definition.

Study selection

Using the eligibility criteria, AV and JMA independently
screened all articles and abstracts and reviewed the full
text of potentially eligible abstracts. Supplemental file
showed the articles included and excluded from the
analyses.

Data extraction

AV and JMA independently extracted relevant charac-
teristics related to participants, intervention, compara-
tors, outcome measures, and results from the studies that
were found to be eligible using a standard data collection
form. Any disagreements were resolved through dis-
cussion with a third research team member (MA) until
agreement was reached.

Risk of bias assessment

During the data extraction process, researchers indepen-
dently assessed the risk of bias for each study using the
Cochrane Collaboration’s risk of bias tool [18]. Evaluation
criteria included the following: random sequence gen-
eration, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment, incom-
plete outcome data, selective reporting, or other which
included publication bias. Funnel plots were used to eval-
uate publication bias. Risk of bias for each criterion was
rate as low, high, or unclear according to the Cochrane
risk of bias instructions.

Data synthesis
Pooled estimates and 95% confidence intervals (CI) were
calculated for the prevalence of long COVID in endo-
metriosis patients, along with the health impacts of the
long COVID in endometriosis patients, using the generic
inverse-variance method. We used the random effects
method. The total prevalence was reported as a percent-
age among the included studies.

The I? statistic was used to quantify heterogeneity
across studies [19]. When the estimated I> was equal
to or greater than 50%, this indicated a large amount of
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heterogeneity. As the studies were functionally differ-
ent and involved different study designs, participants,
interventions, and settings; a random-effects model that
allowed more heterogeneity was used. Forest plots were
created to display the meta-analysis findings. To explore
publication bias, funnel plots were created, and Begg
tests were performed (statistically significant if P<0.05)
[20]. Analyses were performed using SAS software (ver-
sion 9.4; SAS Institute).

Results

The search strategy identified 624 articles. After scan-
ning the titles and abstracts, 4 articles were found to be
potentially eligible, and their full texts were read for fur-
ther assessment. Of these, 2 articles were included [12,
21] (Fig. 1). All articles that were included had been pub-
lished in peer-reviewed journal.

Wang et al. [21] reported on 3,551 US-Nurses that
women with endometriosis have higher risk of long
COVID, defined as symptoms over 8 weeks, at adjusted
RR=1.28 [1.09-1.50], with adjustment for age, race,
partner’s education, smoking, body mass index, asthma,
hypertension history, high cholesterol history, cancer
history and infertility history). When considering Long
COVID as defined >4 weeks of symptoms, the adjusted
RR=1.22 [1.05-1.42]. Subramanian et al. [12] reported
on 212,544 non-hospitalized US women an adjusted
HR=1.19 [1.11-1.28], with adjustment for age, sex, eth-
nic group, socioeconomic status, index year, vaccina-
tion status, symptoms recorded before COVID-19 and
comorbidities (Table 1).

A total of two studies [12, 21] comprising 216,095
participants were included in the meta-analysis. Fig-
ure 2 illustrates the forest plot of the prevalence of long-
COVID in endometriosis participants, and the risk of
long-COVID in endometriosis participants. The pooled
prevalence of long COVID was 16.2% among endome-
triosis patients while only 10% of non-endometriosis
patients had long COVID. The pooled risk ratio for these
two studies was RR =1.41 [1.31-1.52], I*=29%, p <0.001,
as shown in the forest plot in Fig. 2.

The risk of bias and applicability assessment for the two
studies is shown in Fig. 3. Visual inspection of the funnel
plot was inconclusive for risk of publication bias. Given
that only two studies were included in the meta-analysis,
funnel plot asymmetry and statistical tests for publica-
tion bias (Begg’s test) were not considered informative
and should be interpreted with caution (Fig. 4).

Sensitivity analysis

When using the definition of long COVID (symptoms >4
weeks), the pooled risk ratio remained elevated (RR =1.22
[1.05-1.42]). When applying the more stringent > 8-week
threshold for symptom persistence, the association
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persisted (RR=1.28 [1.09-1.50]) [21]. The inclusion of
all self-reported endometriosis cases, regardless of lapa-
roscopic confirmation, did not significantly alter the risk
estimate. Age-stratified analysis indicated a stronger
effect in women under 50 years of age (RR=1.37 [1.00—
1.88]) compared to those aged 50 and over (RR=1.19
[1.01-1.41]), although interaction testing did not reach
statistical significance (p=0.39) [21].

Discussion

The COVID-19 pandemic has affected millions of people
around the world. Our meta-analysis shows that 16% of
endometriosis patients were infected with long COVID
while only 10% of non-endometriosis patients had
long-COVID.

Long COVID in women populations

While men are known to have a doubled risk of experi-
encing severe COVID-19 outcomes and mortality [22],
recent data suggests that women infected with SARS-
CoV-2 may face a 50% higher risk of developing long
COVID compared to men [10, 12, 13]. Despite calls
for research into how gynecologic disorders have been
affected during the pandemic and their potential link
to long COVID, limited studies have specifically exam-
ined women with pre-existing gynecologic conditions
as a high-risk group [23, 24]. Wang et al. study revealed
that those with a history of endometriosis had a 22%
increased risk of experiencing long COVID [21], align-
ing with findings from a prior retrospective cohort study
analyzing medical records. In Subramanian et al. study
of encompassing 212,544 women in the United King-
dom who had a documented SARS-CoV-2 infection, it
was observed that endometriosis was associated with a
higher risk of persistent or post-COVID-19 symptoms
lasting for at least 12 weeks (with an adjusted risk ratio
of 1.19; 95% CI, 1.11-1.28) [12]. Notably, this association
between endometriosis and long COVID-19 was compa-
rable in magnitude to other established risk factors for
long COVID -19, including asthma, type 2 diabetes mel-
litus, and hypertension (RR range, 1.1-1.2) [12, 25].

Long COVID is a debilitating condition that can
develop in individuals following a SARS-CoV-2 infec-
tion, irrespective of the severity of their initial COVID-
19 illness. Long COVID is characterized by the presence
of symptoms emerging within three months of the ini-
tial infection and persisting for at least two months [26].
These symptoms encompass fatigue, cognitive impair-
ment, post-exertional malaise (PEM), headaches, sleep
disturbances, and muscle pains [2, 27, 28]. The underly-
ing pathophysiology of long COVID involves immune
dysregulation, autoimmunity, pathogen persistence/
reactivation, neurological anomalies, neuroinflamma-
tion, tissue and organ damage, hypoperfusion, autonomic
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Records from
Medline, N=12
Cochrane Library, N=2
Science Direct, N=622

Duplicated records
N=12

Records screened, N=624

Records removed

Review articles, N=149
Book chapters, N=71
Conference abstracts, N=51
Editorials, N=7
Correspondence, N=4
Others, N=195

Articles assessed for eligibility
N=147

Titles and abstracts removed
N=143

Full-text articles assessed for
eligibility
N=4

Full-text articles removed
N=2 (did not meet criteria)

Studies included in meta-analysis
N=2

Fig. 1 Flow diagram of the included studies
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Table 1 Descriptive characteristics of the studies included
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Study Study Period Follow-up time Population Study design  Sample RR/HR, 95% Cl Ref-
site size er-
ence
Wang, US April to August 202 to November 2021 Nurses Cross-sectional 3,551 Long COVID >4 weeks, 18]
2023 May 2020  and for NHS3 participants: July adjusted RR=1.22 (1.05-1.42)
2021 to August 2022 with ad- Long COVID > 8 weeks,
dendum about COVID-19 adjusted RR=1.28 (1.09-1.50),
Ongoing symptoms,
adjusted RR=1.32 (1.1-1.58)
Sub- UK February  Total follow-up was 0.29 years ~ Non-hospital- ~ Cross-sectional 212,544  unadjusted HR=1.86 [9]
rama- to April (IQR: 0.24-0.42) for the cohort  ized individuals (1.81-1.90)
nian, 2021 of COVID-19 patients and 0.29 adjusted HR=1.52 (1.48-1.56)
2022 (IQR 0.24-0.41) for patients
without COVID-19 infection.
Endometriosis non Endometriosis Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Subramanian 2022 800 5727 19979 206817 67.3% 1.45 [1.35, 1.54] 2022 ——
Wang 2023 187 380 1166 3171 32.7% 1.34 [1.20, 1.50] 2023 —
Total (95% Cl) 6107 209988 100.0% 1.41[1.31, 1.52] B
Total events 987 21145
Heterogeneity: Tau® = 0.00; Chi? = 1.41, df = 1 (P = 0.24); I = 29% 037 0.:85 132 1?5

Test for overall effect: Z = 9.33 (P < 0.00001)
Fig. 2 Prevalence and risk of long COVID in endometriosis patients

dysfunction, fibrin amyloid microclots, and dysregulation
of the microbiome [28]. As said previously, many stud-
ies indicate that long COVID affects approximately twice
as many women as men [10, 12, 13, 29]. Premenopausal
women are at an elevated risk for long COVID [29], hint-
ing at the possible involvement of sex hormones in long
COVID development [30]. Reproductive health condi-
tions are common within the spectrum of Long COVID,
yet they remain significantly underexplored. Only two
studies have shown an increased risk of Long COVID
among endometriosis [12, 21]. However, further research
is necessary to comprehend the contributing factors [15].
Endometriosis, a chronic systemic ailment character-
ized by the presence of tissue similar to the uterine lin-
ing growing outside the uterus [31], affects approximately
10% of girls and women of reproductive age [8]. Endome-
triosis is associated with a range of severe and incapaci-
tating symptoms, including but not limited to menstrual
pain, pain during intercourse, bowel movements, and
urination, chronic pain, infertility, fatigue, and complica-
tions such as preeclampsia and adverse pregnancy out-
comes [32]. Due to lack of awareness among healthcare
practitioners [8], there are substantial diagnostic delays,
often averaging up to 11 years [33]. These delays may hin-
der a comprehensive understanding of the prevalence of
endometriosis in individuals with long COVID.
Emerging evidence suggests that microRNAs (miR-
NAs) play a pivotal role in the molecular pathogenesis
of endometriosis [34]. Several dysregulated miRNAs
in endometriosis patients could be implicated in key
molecular pathways, such as cell proliferation, apoptosis,

angiogenesis, inflammation, and cytoskeletal remodeling.
Notably, altered expression of miR-21-5p, miR-145, and
miR-200c may promote the invasive and neoplastic-like
behavior of endometrial stromal cells through modula-
tion of epithelial-mesenchymal transition and reduced
E-cadherin expression. These epigenetic alterations may
contribute to disease persistence, recurrence, and poten-
tially the exacerbation of systemic symptoms, especially
in the context of immune dysregulation, as seen in long

COVID [35].

Long COVID, chronic inflammation, autoimmune
dysregulation, and ACE2 hypothesis

The genetic material of the SARS-CoV-2 virus consists
of a simple RNA strain and is comprised of three protein
structures: the spike, envelope, and membrane proteins.
The spike protein attaches to the Angiotensin-Convert-
ing Enzyme 2 receptor (ACE2), while both the envelope
and membrane proteins are involved in genetic material
replication [36].

SARS-CoV-2 enters host cells primarily through the
angiotensin-converting enzyme 2 (ACE2) receptor, aided
by the serine protease TMPRSS2 which primes the viral
spike protein [36]. ACE2 is expressed not only in the
lungs and gastrointestinal tract but also in female repro-
ductive tissues, including the eutopic and ectopic endo-
metrium [37, 38]. This widespread expression suggests
that tissues affected by endometriosis could be directly
vulnerable to SARS-CoV-2 infection.

The interaction between SARS-CoV-2 and ACE2 leads
to a decrease in ACE2 enzymatic activity [39, 40]. This
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downregulation disrupts the renin—angiotensin system
(RAS), shifting the balance toward increased angioten-
sin II (Ang II) signaling through AT1 receptors. This
promotes inflammation, fibrosis, oxidative stress, and
thrombosis [41-43]. Under normal conditions, ACE2
counteracts these effects by converting Ang II into angio-
tensin-(1-7), which has anti-inflammatory and vasodila-
tory effects via the Mas receptor [44].

Recent studies have proposed that patients with long
COVID may develop antibodies against ACE2 itself,
further impairing its regulatory function and enhancing
proinflammatory Ang II effects [45, 46]. Anti-ACE2 anti-
bodies could disrupt both membrane-bound and soluble
ACE2, contributing to immune overactivation and vascu-
lar damage. Moreover, soluble ACE2 has been proposed
as a biomarker of vascular and blood-brain barrier integ-
rity, especially in pericytes, which also express TMPRSS2
and may be targeted in long COVID-related neuroin-
flammation [2, 47, 48].

Endometriosis shares many of these immune-inflam-
matory features. It is characterized by chronic, estro-
gen-driven inflammation, with elevated levels of IL-1f,
IL-6, TNF-a, and reactive oxygen species (ROS) in both
peritoneal fluid and endometrial tissues [8]. Impaired
cytotoxicity of natural killer (NK) cells, macrophage

polarization, and T-cell imbalances are well-documented
[49, 50]. Similar immune dysfunctions are implicated in
post-viral syndromes, including long COVID and with
myalgia, encephalomyelitis/chronic fatigue syndrome
(ME/CEFS), with which endometriosis often overlaps.
For instance, 36% of women with (ME/CFS) and 20%
with postural orthostatic tachycardia syndrome (POTS)
report a history of endometriosis [15]. These commonali-
ties underscore the significance of dysfunctional immune
and endocrine systems in both conditions. Some of these
mechanisms may also play a role in long COVID [51, 52].
Both long COVID and endometriosis involve persistent
immune activation, with production of autoantibodies,
including antinuclear and antiphospholipid antibodies
[11, 14]. Dysregulation of the hypothalamic-pituitary-
adrenal (HPA) axis and reduced cortisol levels have been
found in both conditions [53]. These features may con-
tribute to the chronic fatigue, brain fog, and autonomic
symptoms frequently observed in long COVID.
Additionally, the “bacterial contamination hypoth-
esis” in endometriosis posits that pathogen-associated
molecular patterns (PAMPs) may activate toll-like recep-
tors (TLRs) such as TLR4, triggering sterile inflammation
[54, 55]. This parallels evidence in long COVID showing
intestinal dysbiosis, antigen persistence, and immune
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stimulation by viral reservoirs or pathobionts [56—58].
Finally, coagulation abnormalities, a hallmark of long
COVID, are also observed in endometriosis. Both con-
ditions are associated with hypercoagulability, endothe-
lial dysfunction, and increased risk of thromboembolic
events [59-61].

The connection between endometriosis and autoim-
mune diseases underscores a critical interplay of immune
dysregulation mechanisms that extend beyond localized
pathology. For instance, women with endometriosis have
a higher prevalence of infertility due to impaired embryo
implantation, likely mediated by inflammatory disrup-
tion in the endometrial milieu [62]. Moreover, they are at
increased risk for adverse pregnancy outcomes, including
preterm birth and preeclampsia, due to systemic vascu-
lar inflammation and endothelial dysfunction. Beyond
reproductive complications, women with endometriosis
frequently experience systemic manifestations such as
chronic fatigue, autoimmune thyroid disease, and height-
ened susceptibility to connective tissue disorders, reflect-
ing its systemic nature [63].

Recent findings suggest that women with endometrio-
sis exhibit higher circulating autoantibody levels, includ-
ing antinuclear and antiphospholipid antibodies, which
are also implicated in long COVID pathophysiology [21,
28, 64]. The overlap in mechanisms, chronic inflam-
mation, oxidative stress, and dysregulated immune cell
function, could provide a biologic basis for their shared
susceptibility.

Impact of COVID on symptoms related to endometriosis

Endometriosis patients may experience an exacerba-
tion of symptoms such as dysmenorrhea and dyspareu-
nia following SARS-CoV-2 infection [65, 66]. The shared
pathophysiological mechanisms between endometriosis
and long COVID, including chronic systemic inflamma-
tion, immune dysregulation, and hormonal imbalances,
likely contribute to this worsening symptomatology [67].
The persistence of inflammatory cytokines such as IL-6
and TNF-a, which are elevated in both conditions, may
amplify pelvic pain and menstrual discomfort, leading
to heightened dysmenorrhea [68]. Long COVID is also
associated with neuromuscular and autonomic dysfunc-
tion, which may contribute to increased dyspareunia
through mechanisms such as hyperalgesia, pelvic floor
dysfunction, and central sensitization [2]. Moreover,
clotting abnormalities observed in both endometriosis
and long COVID could lead to increased ischemic pain
and vascular inflammation within endometrial lesions,
further intensifying symptom severity. These findings
underscore the need for multidisciplinary management
strategies that address both the inflammatory and neu-
rological components of pain in endometriosis patients
who develop long COVID. Future research should focus
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on longitudinal studies to further elucidate the relation-
ship between these conditions and explore targeted
therapeutic interventions aimed at mitigating the com-
pounded symptom burden in affected individuals.

Impact of the COVID-19 pandemic on symptom
exacerbation in endometriosis

Beyond biological mechanisms, the COVID-19 pandemic
introduced significant healthcare system disruptions that
have adversely impacted the clinical course of endometri-
osis, even in women not infected with SARS-CoV-2 [24,
69]. Studies have reported worsening of endometriosis-
related symptoms—including pelvic pain, dysmenorrhea,
dyspareunia, and psychological distress—during lock-
down periods and in the aftermath of healthcare service
disruptions [70]. These exacerbations were attributed to
reduced access to gynecologic consultations, delays or
cancellations of elective surgeries such as laparoscopies,
limited access to pharmacologic pain management, and
decreased availability of physical therapy and psycho-
logical support services [71]. Moreover, heightened lev-
els of stress and anxiety induced by the pandemic may
have further amplified pain perception and inflammatory
responses in individuals with endometriosis. This multi-
dimensional burden highlights that symptom aggravation
may stem not only from potential biological susceptibility
to SARS-CoV-2 and long COVID, but also from system-
level barriers and psychosocial stressors. Thus, any inves-
tigation of long COVID in women with endometriosis
must consider both biological and structural determi-
nants of health to fully contextualize the complexity of
disease exacerbation during the pandemic.

Endometriosis, age and long COVID

A potential correlation between age and long COVID in
endometriosis patients warrants further investigation,
as both conditions exhibit distinct but potentially over-
lapping epidemiological patterns. Endometriosis pre-
dominantly affects young women of reproductive age,
with an early onset often during adolescence [8, 9]. The
prevalence ranges of endometriosis from 10 to 35% in
women with chronic pelvic pain, underscoring its signifi-
cant impact on younger populations [72, 73]. In contrast,
long COVID has been reported across all age groups, but
evidence suggests that younger, premenopausal women
may be disproportionately affected compared to men
and older individuals [15]. Studies indicate that women
under 50 have a higher likelihood of developing long
COVID, possibly due to sex-based immune response dif-
ferences, hormonal influences, and pre-existing inflam-
matory conditions such as endometriosis [74, 75]. Given
that both endometriosis and long COVID are associ-
ated with chronic inflammation and immune dysregu-
lation, younger women with endometriosis may face a
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compounded risk for prolonged post-COVID sequelae.
The heightened inflammatory state characteristic of
endometriosis could predispose younger women to more
severe and persistent symptoms of long COVID, includ-
ing exacerbated pelvic pain (dysmenorrhea, dyspareunia),
fatigue, and autonomic dysfunction [21].

Endometriosis stage (rASRM) and severity and duration of
long COVID

The rASRM system categorizes endometriosis into
four stages (I-IV) based on lesion location, extent of
adhesions, and degree of organ involvement. More
advanced stages (III-1V) are often associated with wide-
spread inflammation, extensive fibrosis, and higher sys-
temic cytokine levels [76], which may contribute to
an increased vulnerability to long COVID. Given that
chronic systemic inflammation and immune dysregula-
tion are key mechanisms in both endometriosis and long
COVID, it is plausible that women with more advanced
endometriosis (stages III-IV) may experience a pro-
longed or more severe course of long COVID due to a
pre-existing hyperinflammatory state. Higher levels of
pro-inflammatory cytokines (IL-6, TNF-a, and IL-1pB)
observed in advanced-stage endometriosis [77] may
exacerbate the immune dysregulation, vascular dysfunc-
tion, and autonomic disturbances seen in long COVID,
potentially leading to prolonged symptoms such as
severe fatigue, cognitive impairment, and exacerbated
pelvic pain (dysmenorrhea, dyspareunia). Furthermore,
advanced-stage endometriosis is frequently associated
with deep infiltrating endometriosis (DIE) [78], which
has been linked to neuropathic pain and central sensiti-
zation [79], mechanisms that are also implicated in long
COVID. Conversely, earlier-stage endometriosis (I-II)
is typically associated with less extensive peritoneal
involvement but can still present with significant pain
and inflammatory activity [79]. While these patients may
also be susceptible to long COVID, the severity and dura-
tion of symptoms may differ from those with deeply infil-
trating or more extensive disease.

Role of adenomyosis in long COVID

Adenomyosis, often coexisting with endometriosis [80],
is characterized by chronic inflammation, estrogen
dependence, and immune dysregulation, all of which may
contribute to increased susceptibility to long COVID.
Elevated pro-inflammatory cytokines (IL-6, TNF-a,
IL-1P) in adenomyosis parallel immune activation in long
COVID, potentially exacerbating dysmenorrhea, pelvic
pain, and systemic inflammatory symptoms. Addition-
ally, hormonal imbalances and vascular dysfunction in
adenomyosis [81] may worsen microvascular compli-
cations and autonomic dysregulation observed in long
COVID.
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Limitations

A major strength of this study lies in its originality, being
the first systematic review and meta-analysis to investi-
gate the potential association between endometriosis and
long COVID. By focusing on a large cumulative sample
of over 216,000 participants across two high-quality
studies, this analysis offers valuable insights into an
underexplored intersection between a prevalent gyneco-
logical condition and a widespread post-viral syndrome.
Furthermore, the study emphasizes a critical gap in the
current literature, highlighting the need for integrative
approaches in women’s health research that consider
immune, hormonal, and systemic inflammatory factors
shared between chronic conditions such as endometrio-
sis and long COVID.

Regarding the main finding of this meta-analysis, the
observed pooled relative risk for long COVID among
women with a history of endometriosis was modest,
falling below the commonly cited threshold of 1.5 (i.e.,
RR=1.41 [1.31-1.52]). Although statistically significant,
such a magnitude of association must be interpreted
with caution. In large samples and for highly prevalent
conditions like endometriosis, even low relative risks
can achieve statistical significance without necessarily
reflecting a strong clinical effect at the individual level.
However, due to the high prevalence of both endometrio-
sis and long COVID in the general population, a modest
increase in risk may still have meaningful public health
implications.

Some limitations must be considered. The system-
atic literature search encompassed three databases with
few exclusion criteria. The quality of the analyses was
dependent on the quality of data from the included stud-
ies. Only two cross-sectional studies have been found
at this date for this topic. No information was provided
concerning the possible different endometriosis status
in the two studies. Since variability of study interven-
tions, assessment instruments, circumstances were not
assessed and could be potential sources of heterogeneity,
this should also be cause for cautious interpretation of
results. Finally, publication bias was also found.

A key limitation of this meta-analysis is the variability
in how endometriosis was diagnosed across the included
studies. While one study relied on laparoscopically con-
firmed diagnoses, which is the clinical gold standard,
large-scale population-based or registry-based studies
often depend on self-reported or clinically inferred diag-
noses. This reliance on heterogeneous diagnostic criteria
may introduce misclassification bias, leading to under- or
overestimation of the association between endometrio-
sis and long COVID. Such inclusion bias is particularly
relevant given that self-reported endometriosis is subject
to recall inaccuracies and diagnostic delay, which could
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affect both the exposure classification and subsequent
interpretation of findings.

Conclusion

The recent literacy could suggest that women with endo-
metriosis presented higher risk of long COVID compared
to healthy women. This condition can further deterio-
rate the health and quality of life of women with endo-
metriosis. The analysis was based on two studies with a
total of 216,095 participants, which, while large in abso-
lute terms, is insufficient given the variability of patient
populations and the multifaceted nature of both long
COVID and endometriosis. The studies included var-
ied in design, population, and methodologies, leading to
potential inconsistencies that could not be fully explored
due to the limited number of studies. Since the studies do
not comprehensively represent the global population or
consider diverse demographic and clinical variables, the
findings could be not broadly applicable. Although our
meta-analysis indicates a potential association between
endometriosis and an increased risk of long COVID, this
finding should be interpreted with caution. The analysis
is based on a limited number of studies, both observa-
tional in nature, and therefore cannot establish causal-
ity. Larger, prospective studies are warranted to confirm
these preliminary findings and to better understand the
biological and clinical interplay between these two con-
ditions. The limited number of available studies, along
with inherent limitations of cross-sectional and cohort
designs, precludes any definitive conclusions regarding
causality. These early signals underscore the urgent need
for large-scale, longitudinal research to better understand
the temporal relationship, underlying biological mecha-
nisms, and clinical implications of long COVID among
women with endometriosis.
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