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STUDY QUESTION: What is the global consensus on the classification of endometriosis that considers the views of women with
endometriosis?

SUMMARY ANSWER: We have produced an international consensus statement on the classification of endometriosis through systematic
appraisal of evidence and a consensus process that included representatives of national and international, medical and non-medical societies,
patient organizations, and companies with an interest in endometriosis.

WHAT IS KNOWN ALREADY: Classification systems of endometriosis, developed by several professional organizations, traditionally
have been based on lesion appearance, pelvic adhesions, and anatomic location of disease. One system predicts fertility outcome and none
predicts pelvic pain, response to medications, disease recurrence, risks for associated disorders, quality of life measures, and other endpoints
important to women and health care providers for guiding appropriate therapeutic options and prognosis.

STUDY DESIGN, SIZE, DURATION: A consensus meeting, in conjunction with pre- and post-meeting processes, was undertaken.

PARTICIPANTS/MATERIALS, SETTING, METHODS: A consensus meeting was held on 30 April 2014 in conjunction with the
World Endometriosis Society’s 12th World Congress on Endometriosis. Rigorous pre- and post-meeting processes, involving 55 representa-
tives of 29 national and international, medical and non-medical organizations from a range of disciplines, led to this consensus statement.

MAIN RESULTS AND THE ROLE OF CHANCE: A total of 28 consensus statements were made. Of all, 10 statements had unanimous
consensus, however none of the statements was made without expression of a caveat about the strength of the statement or the statement
itself. Two statements did not achieve majority consensus. The statements covered women’s priorities, aspects of classification, impact of
low resources, as well as all the major classification systems for endometriosis. Until better classification systems are developed, we propose
a classification toolbox (that includes the revised American Society for Reproductive Medicine and, where appropriate, the Enzian and
Endometriosis Fertility Index staging systems), that may be used by all surgeons in each case of surgery undertaken for women with endomet-
riosis. We also propose wider use of the World Endometriosis Research Foundation Endometriosis Phenome and Biobanking Harmonisation
Project surgical and clinical data collection tools for research to improve classification of endometriosis in the future, of particular relevance
when surgery is not undertaken.

© The Author 2016. Published by Oxford University Press on behalf of the European Society of Human Reproduction and Embryology. All rights reserved.
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LIMITATIONS, REASONS FOR CAUTION: This consensus process differed from that of formal guideline development, although based
on the same available evidence. A different group of international experts from those participating in this process may have yielded subtly dif-
ferent consensus statements.

WIDER IMPLICATIONS OF THE FINDINGS: This is the first time that a large, global, consortium–representing 29 major stake-holding
organizations, from 19 countries – has convened to systematically evaluate the best available evidence on the classification of endometriosis
and reach consensus. In addition to 21 international medical organizations and companies, representatives from eight national endometriosis
organizations were involved, including lay support groups, thus generating and including input from women who suffer from endometriosis in
an endeavour to keep uppermost the goal of optimizing quality of life for women with endometriosis.

STUDY FUNDING/COMPETING INTEREST(S): The World Endometriosis Society convened and hosted the consensus meeting.
Financial support for participants to attend the meeting was provided by the organizations that they represented. There was no other specific
funding for this consensus process. Mauricio Abrao is an advisor to Bayer Pharma, and a consultant to AbbVie and AstraZeneca; G David
Adamson is the Owner of Advanced Reproductive Care Inc and Ziva and a consultant to Bayer Pharma, Ferring, and AbbVie; Deborah Bush
has received travel grants from Fisher & Paykel Healthcare and Bayer Pharmaceuticals; Linda Giudice is a consultant to AbbVie, Juniper
Pharmaceutical, and NextGen Jane, holds research grant from the NIH, is site PI on a clinical trial sponsored by Bayer, and is a shareholder in
Merck and Pfizer; Lone Hummelshoj is an unpaid consultant to AbbVie; Neil Johnson has received conference expenses from Bayer Pharma,
Merck-Serono, and MSD, research funding from AbbVie, and is a consultant to Vifor Pharma and Guerbet; Jörg Keckstein has received a tra-
vel grant from AbbVie; Ludwig Kiesel is a consultant to Bayer Pharma, AbbVie, AstraZeneca, Gedeon Richter, and Shionogi, and holds a
research grant from Bayer Pharma; Luk Rombauts is an advisor to MSD, Merck Serono, and Ferring, and a shareholder in Monash IVF. The
following have declared that they have nothing to disclose: Kathy Sharpe Timms; Rulla Tamimi; Hugh Taylor.
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Introduction
Endometriosis is an inflammatory disease associated with pelvic pain
and infertility that is characterized by lesions of endometrial-like tissue
outside of the uterus (Johnson and Hummelshoj, 2013). The preva-
lence of endometriosis has been estimated as 176 million women
worldwide (Adamson et al., 2010).
Classification of endometriosis has remained controversial and chal-

lenging, due to the many manifestations of the disease, wherein the
focus has been on anatomy, histology and disease burden for ‘surgical
staging’ and, more recently, on prognostic value. These efforts have
largely struggled to yield a suitable solution to enhance the utility of dis-
ease classification in endometriosis-related symptom management,
prognosis for response to therapies, recurrence, association with
other disorders, quality of life and other elements of key concern to
women with endometriosis.
The best-known classification system for endometriosis is the

revised American Society for Reproductive Medicine (r-ASRM) classifi-
cation (1997). In addition to the r-ASRM classification, emerging sys-
tems include the Enzian classification for deep endometriosis
(Keckstein et al., 2003; Haas et al., 2013), the endometriosis fertility
index (EFI) (Adamson and Pasta, 2010), and the American Association
of Gynecological Laparoscopists (AAGL) classification (http://www.
aagl.org/wp-content/uploads/2013/03/NewsScope_Oct-Dec_2012.pdf;
accessed 1 February 2016; unpublished to date). However, the classifi-
cation systems in current use continue to attract criticism from women
with endometriosis and those providing care for them because of the
poor correlation with disease symptoms as well as a lack of predictive
prognosis and, to date, unclear pathways of treating pelvic pain and
infertility based on its classification.

This lack of correlation has led to the pertinent question: why clas-
sify endometriosis? We propose that if classification of endometriosis
ultimately has benefit for women suffering from the disease with
informed counselling by health care providers, then it can form the
bridge between diagnosing a woman with endometriosis and enabling
her the most successful treatment possible based on her symptoms
and the physical disease present.
Adamson (2011) highlighted the criteria for a good classification sys-

tem, and one that should therefore benefit women with endometri-
osis. It should be simple (for doctors to explain and for women to
understand) and easy to perform; allow a simple description of the dis-
ease; correlate well with problems experienced by women, especially
pain and infertility; give prognostic information; predict response to
treatment for (i) pain and (ii) infertility and (iii) recurrence of symp-
toms after treatment (Adamson, 2011). Additional good qualities of
the ideal classification system are that it should be empirically and sci-
entifically based; comprehensive for all cases; use unambiguously
defined terms; have a simple translation from anatomic lesion to verbal
description; reflect the progression of the disease (with scientifically
derived, and not arbitrary, cut-off points that are clinically meaningful);
finally, it should have general consensus (Adamson, 2011).
The World Endometriosis Society (WES) established a process to

bring together representatives of national and international, medical
and non-medical societies, patient organizations and pharmaceutical
companies with an interest in endometriosis, aiming to derive a con-
sensus on the classification of endometriosis from a global perspective
in which the views of health care providers, researchers and women
with endometriosis were represented. The aim was to attain a con-
sensus around classification to enable a pathway that assists the
healthcare team and women who present with symptoms of possible
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endometriosis in securing effective treatment. This document contains
a summary of the WES consensus on the classification of endometri-
osis: a full-length article can be found online at http://humrep.
oxfordjournals.org/.

Materials andMethods
We developed a consensus process supported by a specific methodology,
detailed in the full length article at http://humrep.oxfordjournals.org/),
similar to that used for our previous consensus statement on the manage-
ment of endometriosis (Johnson and Hummelshoj, 2013).

Results
The evidence tables (Table V in the full-length article at http://
humrep.oxfordjournals.org/) provide the evidence that was consid-
ered to reach the consensus statements. The consensus statements,
categorised as either ‘strong’ or ‘weak’, are summarised in Table I,
along with the degree of consensus that applied to each statement.
More detailed information, specifically relating to caveats to the evi-
dence statements, is available in the full-length article at http://
humrep.oxfordjournals.org/.

Discussion
We have developed the first international consensus statement on the
classification of endometriosis through rigorous methodology. We
recommend a classification toolbox that may be used by all surgeons
in each case of surgery undertaken for women with endometriosis,
from which surgeons may select the appropriate components and
ensure this is documented in the patient medical/surgical record
(Fig. 1).
No single classification system adequately classifies endometriosis. It

has been demonstrated already that the available systems have little
prognostic value, with the exception of the EFI, which probably works
because it includes important clinical variables that have an effect on
the likelihood of pregnancy independent of the presence of endometri-
osis. Although it has been raised that this may respect endometriotic
lesions insufficiently, it is clear that classification systems relying solely
on surgical findings have inadequate predictive value for outcomes
important to women. Even for a description of the disease, in terms of
correlation with severity of symptoms and infertility and their impact
on women, the existing classification systems have shortcomings.
However, a recent proposal for endometriosis classification from
Koninckx et al. (2011) adding adenomyosis, peritoneal pocket lesions,
and subtle endometriosis to the three more traditionally recognised
lesion phenotypes (typical (peritoneal), cystic and deep endometriosis)
and placing emphasis on the size of lesions is awaiting further appraisal
and validation. While not all classification systems are well understood,
those that have a level of acceptance are r-ASRM (whose main advan-
tage is its longevity, universal familiarity and its embedding in many
other classification systems), Enzian (for deep endometriosis) and the
EFI (owing to its value in predicting fertility and the external validation
of that) and thus these systems all have some merit. The inextricable
interlinking of r-ASRM with newer classification systems (Enzian and
EFI) means that a classification that has attracted no small measure of

criticism appears to have been immortally enshrined. Although the
AAGL classification has the investment of the opinions of a quorum of
surgical opinion leaders involved in its development it is yet to be fully
validated and published. The absence of consensus around the utility
of the AAGL system reflects this.
There is no general consensus on the most appropriate method-

ology for consensus statements, particularly for disease classifications.
Therefore we adopted a modified version (Table IV in the full length
article at http://humrep.oxfordjournals.org/) of the GRADE system
of grading the quality of evidence (Guyatt et al., 2008), now recognised
as the most relevant method of grading evidence and recommenda-
tions in guidelines. We adapted this to our consensus process, which
we based on previous consensus documents, using a system promoted
by the ACCEPT Group that is gaining wider acceptance (Kroon et al,
2011; Koch et al., 2012; Johnson and Hummelshoj, 2013; Boothroyd
et al., 2015). It must also be acknowledged that a consensus statement
from international experts would likely be different with a different
group of experts, although it is hoped that our broad sample of partici-
pants in this consortium was representative of the spectrum of view-
points of all the members of all the organizations and societies
representing stakeholders in endometriosis research, clinical care and
advocacy.
An obvious finding in the quest for a consensus statement is that

absolute unanimity from a range of experts regarding any statement is
difficult to attain. However, our methodology sequence, with an add-
itional step to refine our consensus statements after our consensus
meeting, then a second survey step to refine further selected state-
ments in the case of statements for which it was judged to be required,
was associated with higher degrees of consensus than with our previ-
ous consensus statement on the management of endometriosis
(Johnson and Hummelshoj, 2013). From our survey that followed the
consensus meeting, ten of the 28 statements were graded unanimous
(α) consensus, even though none reached 100% agreement without
expression of a caveat about either the statement or the strength of
the statement; four of our 28 consensus statements were associated
with a 0% disagreement rate from the survey respondents (consensus
statements 2, 3, 6 and 13). In the case of only two statements were
we unable to achieve a majority consensus (statements 4 and 23). It
must also be stressed that, by its very definition, and the finding that
there was 100% agreement without caveat for none of the consensus
statements, these consensus statements will not be expected to com-
pletely reflect the views of all of the individual participants and their
organizations.
The strengths of this consensus document are its established meth-

odology, the broad international representation including individuals
from 19 countries across medical, surgical, and fertility organizations—
and included a viewpoint from the women themselves via participation
of eight endometriosis organizations. There are potential weaknesses
in a consensus process such as this. Few of our statements are based
on strong research evidence and many statements are based on opin-
ion and termed ‘good practice points’ (GPPs); however, such state-
ments could still be associated with a strong consensus amongst the
group of experts. It is possible that we have overlooked some state-
ments that have relevance, in spite of the methodology and feedback
from all participants. It is therefore intended that this consensus will be
updated regularly in response to feedback and, hopefully, increasing
research evidence in this field.

3Endometriosis classification consensus
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Table I World Endometriosis Society Sao Paulo Consensus Statements on classification of endometriosis.

Patient priorities Consensus
grading

1) The ideal classification system for endometriosis should be standardized, pragmatic, cost effective and user friendly (for affected
women, health care professionals, and researchers) so that it results in achievable strategies that increase access to and attainment of
outcomes important to women with endometriosis and promotes standardization of disease phenotypes to optimize research study
design (strong GPP).

α

2) Classification of endometriosis should deliver tangible benefits to affected women, including an understanding of the severity of their
disease; its likely impact on their fertility, pain symptoms, and consequently their quality of life; the prognosis without intervention; the
likely response and quality of life following treatment for pain and/or infertility; the chance of recurrence of symptoms and disease after
treatment (strong GPP).

β

Definition Consensus
grading

3) Endometriosis should be defined as an inflammatory disease process, characterized by lesions of endometrial-like tissue outside the
uterus that is associated with pelvic pain and/or infertility (strong GPP).

β

4) A comprehensive, contemporary characterization of endometriosis should include other essential elements: incidence; pathogenesis;
multifactorial aetiology including genetic factors with possible epigenetic influences; possible effects of environmental exposures; pain
syndrome elements; proliferative nature; hormone responsiveness (oestrogen-dependence and progesterone resistance); overlap with
other conditions characterized by pelvic–abdominal pain and infertility (weak).

δ

5) Deep endometriosis should be defined as lesions extending deeper than 5 mm under the peritoneal surface or those involving or
distorting bowel, bladder, ureter or vagina (weak).

γ

Low resources Consensus
grading

6) In low resource settings, classification of endometriosis should be well enough understood by women and health care professionals to
be helpful in directing utilization of scarce resources (strong GPP).

γ

7) In low resource settings, classification should focus on information about the impact on women through questions about pelvic–
abdominal pain and infertility (strong GPP).

γ

8) In low resource settings, empirical classification may facilitate integration of endometriosis management into general healthcare
strategies (including education, progestin-based contraceptives, family planning and lactation) (strong GPP).

γ

Historic and minor classification systems Consensus
grading

9) Numerous historic classification systems have been described, but lack external validation, have variable correlation with clinical
symptoms, do not predict treatment outcomes or prognosis, have not gained wide acceptance, and thus should not be used in clinical
practice (weak).

α

Revised American Society for Reproductive Medicine (r-ASRM) classification of endometriosis Consensus
grading

10) The r-ASRM classification system is the longest established method of describing operative findings in current use (strong GPP). α
11) The r-ASRM classification system does not describe deep endometriosis adequately (strong GPP). α
12) The r-ASRM classification system has poor correlation with fertility outcomes (weak). β
13) The r-ASRM classification system has very poor correlation with pain symptoms and quality of life (weak). α
14) The r-ASRM classification system gives poor prognostic information (weak). β
15) The r-ASRM classification system has poor predictive accuracy with respect to treatment outcomes (weak). α
16) The reasons not to abandon the r-ASRM classification system are its longevity, widespread clinical use, its prevalence in the literature

describing the operative appearance of endometriosis, and its incorporation into other classification systems of potentially greater value
(GPP).

γ

Enzian classification of endometriosis Consensus
grading

17) If the r-ASRM classification is to be used, the Enzian classification system should be employed when deep endometriosis is also
present to give a complete description of the operative findings (GPP).

γ

18) Correlation of Enzian with symptoms and infertility is poor (weak). β
19) Enzian has limited prognostic value for the course of symptoms, quality of life and infertility (weak). β
20) The predictive capacity of Enzian to detect a women’s likely response to treatment for pain and/or infertility is uncertain (weak). α

Continued
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Unsurprisingly, our consensus statements reflect the kind of differ-
ences that might be expected from the coalescence of an eclectic
group of individuals with different perspectives. One of the real values
to the participants in such an exercise is the opportunity to recognise a
completely new perspective and interpretation of existing evidence—
this can be applied in any multidisciplinary setting, where specialists in
medical, surgical and fertility treatment join forces, in our case, with
women affected by endometriosis. In some instances, the strength of
our statements (and in some cases, even the GRADE score) or the
content of statements themselves may be surprising. We endeavoured
to make strong statements where (i) the classification system would
be of value to women with endometriosis and where the evidence
was moderate or strong, i.e. derived from a reliable and reproducible
source that had been internally and externally validated with methodo-
logical rigour or (ii) where the risk or expense of application of a classi-
fication strongly justified its non-use in the context of marginal or
insufficient evidence or (iii) where there was considerable potential for
benefit from a simple, low invasive, low cost classification, to over-
come a substantial burden of suffering, even in the face of only weak
or absent research evidence (as in the case of our GPPs).
Given that surgery is the pivotal moment at which these classifica-

tions can be defined, until better systems become available, in order
to derive the most information from the procedure, our recommen-
dation is that all women undergoing surgery should have the r-ASRM

classification completed, women with deep endometriosis should
additionally have Enzian completed, and women for whom future
fertility is a concern should additionally have the EFI completed.
Hence the proposed classification toolbox (Fig. 1), that incorporates
the r-ASRM, Enzian (if required) and EFI (if required), is the current
recommended classification method, with possible replacement or
addition of new classification systems as their utility is proven. So
doing will increase the familiarity of surgeons, the multidisciplinary
team involved in a woman’s management, and, most importantly,
the woman herself, with a greater common understanding about the
disease, which we view as potentially beneficial for affected women.
Perhaps the biggest barrier to the implementation of this approach
is whether those undertaking surgery will have the time and willing-
ness to complete these forms. However, we posit that this should
not be used as a reason not to undertake this, as women who
undergo laparoscopic surgery might be considered to be in a privi-
leged minority compared to all women worldwide who suffer from
endometriosis, and our view is that it is the duty of the caring sur-
geon to the woman with endometriosis to prioritize this. The ability
to record—and later share and utilise—this information is one of
the most important aspects of a resource that is not only the only
universally accepted gold standard method of diagnosis and an
effective treatment, but also an invasive intervention for the woman
with endometriosis.

.............................................................................................................................................................................................

.............................................................................................................................................................................................

.............................................................................................................................................................................................

Table I Continued

21) Enzian may be used preoperatively based on findings in clinical examination, transvaginal ultrasound and MRI, to assist planning of
surgery by predicting the extent of deep endometriosis and the time required for surgery (weak).

γ

22) External validation of the value of Enzian in further studies is needed (strong GPP). α

American Association of Gynecological Laparoscopists (AAGL) classification of endometriosis Consensus
grading

23) The AAGL classification system might, in the future, be used instead of the rASRM classification system, as a preliminary study
suggests it may have better correlation with infertility, level of pain and surgical difficulty (weak).

δ

Endometriosis Fertility Index (EFI) Consensus
grading

24) The EFI is a simple, robust, and validated clinical tool that predicts fertility outcome for women following surgical staging of
endometriosis and may have considerable utility in developing treatment plans for infertile women with endometriosis (strong).

γ

Overarching Consensus Statements on Classification of Endometriosis Consensus
grading

25) An endometriosis classification system for pain and/or quality of life should be developed using a similar methodology to the EFI in
order to combine the factors most predictive of these outcomes (strong GPP)

α

26) We recommend standard methods of ascertaining symptoms, undertaking examination, and performing laparoscopic surgery to
standardise the way in which classification of endometriosis is defined (strong GPP)

α

27) Classification systems should be developed for low resource settings and settings in which surgery is not undertaken (either through
unavailability or through the choice of women) that have utility in predicting endometriosis and its extent; its likely impact on fertility,
pain symptoms and thus quality of life; the prognosis without intervention; the likely response to treatment for pain and/or infertility;
the chance of recurrence of problems after treatment (strong GPP).

γ

28) Until better classification systems are validated, all women with endometriosis undergoing surgery should have a r-ASRM (or possibly,
when published, AAGL) score and stage completed, women with deep endometriosis should have an Enzian classification completed,
and women for whom fertility is a future concern should have an EFI score completed, and documented in the medical/surgical
records (strong GPP)

γ

GPP = good practice point; α = unanimous or near-unanimous (more than 80% agreed without caveat and fewer than 5% disagreed); β = unanimous with caveat (either more than
80% agreed without caveat but more than 5% disagreed, or, fewer than 5% disagreed but fewer than 80% agreed without caveat); γ = majority (50–80% agreed); δ = no consensus
(fewer than 50% agreed with or without caveat).

5Endometriosis classification consensus
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Figure 1 Proposed Toolbox for Surgical Classification for Endometriosis.
a: Revised American Society for Reproductive Medicine scoring system for all women with endometriosis. Reprinted with permission from Elsevier
from Fertil Steril 1997;67:817–821. American Society for Reproductive Medicine. Revised American Society for Reproductive Medicine classification of
endometriosis: 1996. b: Enzian scoring system for women with deep endometriosis. Reprinted with permission from Professor Jörg Keckstein.
Reference: www.endometriose-sef.de/dateien/ENZIAN_2013_web.pdf; accessed 1 February 2016. c: Endometriosis Fertility Index for women with
endometriosis for whom future fertility is a consideration. Reprinted with permission from the American Society for Reproductive Medicine.
Reference: Adamson GD, Pasta DJ. Endometriosis fertility index: the new, validated endometriosis staging system. Fertil Steril 2010;94:1609-1615.

6 Johnson et al.
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Several important issues have been raised by this consensus process
that we have not addressed, or for which we have not attained con-
sensus. These themes may form topics merit-worthy of further
research. First, regarding definitions, we did not address ‘subtle’ endo-
metriosis (Koninckx et al., 2011), which some consider should be clas-
sified separately. Many authorities argue that the concept of
microscopic endometriosis as a cause of pain, infertility, or more

severe endometriosis has never been proven. Some have called for
recognition of ‘stage 0’ disease, which could mean strongly suspected
endometriosis based on combinations of symptoms and examination
findings strongly predictive of endometriosis in women who have not
undergone surgical diagnosis; visualized but not histologically con-
firmed endometriosis in the context of pain symptoms; occult or invis-
ible (microscopic) lesions that are confirmed histologically in biopsy

Figure 1 Continued

7Endometriosis classification consensus
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samples as endometriosis. ‘Subtle’ endometriosis (whether defined as
this stage 0—or even stage 0 and r-ASRM stage 1) might simply be a
natural condition rather than a pathological disease. There is a ground-
swell of opinion that subtle endometriosis (as well as deep

endometriosis) should be classified separately. We did not address in
detail what role adenomyosis should have on the classification of
endometriosis. We also did not address how recurrence of endomet-
riosis should be defined. Second, we have called for an endometriosis

Figure 1 Continued
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classification system for pain and/or quality of life to be developed
using a similar methodology to the EFI in order to combine the factors
most predictive of these outcomes. Such a comprehensive classifica-
tion system should incorporate all types of endometriosis including
those features of deep endometriosis found to have prognostic value.
Standardization is crucial to the development of such new classification
systems. Formerly, there were no guidelines to standardize even the
way in which information is obtained when diagnostic laparoscopy is
performed. We now have such standardization available and the
World Endometriosis Research Foundation Endometriosis Phenome
and Biobanking Harmonisation Project (WERF EPHect) tools (Becker
et al., 2014; Vitonis et al., 2014) are expected to transform uniquely
the surgical and clinical data collection for women with endometriosis.
Third, there is an imperative for the development of an ‘empirical’ clas-
sification system for circumstances in which laparoscopic surgery is not
undertaken. Some argue that without laparoscopy there can be no
diagnosis, thus no classification. However there may be particular util-
ity for a predictive empirical classification system for women with pel-
vic/abdominal pain and/or infertility, when other causes have been
ruled out. Finally, the possibility that molecular and genetic diagnostics
may assist in staging endometriosis, as we have seen in many other dis-
eases including breast cancer, will be an important theme of research
over the coming decade. Molecular markers that allow directed treat-
ments based on prognosis and response to treatment have the potential
to be directed to women who will benefit most through classifications
based on prognosis and response to treatment. Collaborative data col-
lection in a manner described in the WERF EPHect papers highlighting
the need for harmonisation of the endometriosis phenome (i.e. the set
of all phenotypes expressed), data collection, and specimen handling
(Becker et al., 2014; Vitonis et al., 2014; Rahmioglu et al., 2014;
Fassbender et al., 2014) is the key to unlock this considerable potential.

Conclusion
This paper is the outcome of the first attempt to bring a global collab-
orative consensus to the classification of endometriosis, reflecting the
best scientific evidence available and keeping uppermost the goal of
improving quality of life for women with endometriosis. Our recom-
mendation is that, until better classification systems have been devel-
oped, surgeons should use a toolbox for surgical classification of
endometriosis (that includes the r-ASRM system and, where appropri-
ate, the Enzian and EFI staging systems) to maximise the information
available to women following their surgery.
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Abstract

Background: Endometriosis is an estrogen-dependent 
disease affecting 10% of females in which endometrial-
like tissue grows outside the uterus, resulting in pain, 
infertility, and physical and psychosocial dysfunction. 
Prior research documenting diagnostic error reports a 
6.7-year mean diagnostic delay. This study takes a patient-
oriented approach and aims to complement prior research 
on diagnostic error by examining patient-reported experi-
ences  with misdiagnosis.
Methods: Data were part of a larger online survey com-
prising nonrandomly sampled patients with self-reported 
surgically confirmed endometriosis (n = 758). We exam-
ined patients’ reports of misdiagnosis, to which health-
care professionals (HCPs) they attributed misdiagnosis, 
mean diagnostic delay, and endometriosis symptoms and 
physical sites predicting misdiagnosis reports.
Results: Mean reported diagnostic delay was 8.6  years. 
75.2% of patients reported being misdiagnosed with 
another physical health (95.1%) and/or mental health 
problem (49.5%) and most frequently by gynecologists 
(53.2%) followed by general practitioners (34.4%). Higher 
odds of reporting a physical or mental health misdiagno-
sis was associated with reports of virtually all symptoms 
and endometriosis on the bladder, small bowel, pelvic 
sidewall, and rectum. Higher odds of reporting a physi-
cal health misdiagnosis was exclusively associated with 
reports of endometriosis on the appendix. Higher odds of 
reporting a mental health misdiagnosis was exclusively 
associated with reports of a younger symptom onset age; 
endometriosis on the diaphragm, large bowel, lung, and 
ureter; and comorbid adenomyosis diagnosis.

Conclusions: Endometriosis continues to present serious 
and complex diagnostic challenges. These findings cor-
roborate previous objective investigations documenting 
endometriosis diagnostic error, establish the first patient-
reported incidence, and further demonstrate value in 
including patients in diagnostic error research.

Keywords: endometriosis; gynecology; misdiagnosis; 
patient experience; patient-provider communication.

Introduction
Endometriosis is an estrogen-dependent chronic repro-
ductive disease of a still unclear etiology in which tissue 
similar to that lining the uterus grows outside of the 
uterus. This tissue bleeds, which stimulates an inflam-
matory reaction [1], resulting in scarring, and the forma-
tion of adhesions and nodules [2, 3]. Endometriosis often 
manifests as irregular menstrual bleeding, painful men-
strual cramps, chronic pelvic pain, and/or difficult or 
painful intercourse [2]. Ten percent of biological females 
are diagnosed with endometriosis, though this prevalence 
rate rises to roughly 35% among those with pelvic pain, 
and up to 50% among those with problematic fertility [2]. 
 Significant physical and psychosocial dysfunction has 
been documented among such patients [4].

Despite the critical need for a timely diagnosis, diag-
nostic error in endometriosis is pervasive, with mean 
diagnostic delay estimated at 6.7  years [5]. Diagnostic 
delay is one presentation of diagnostic error, which was 
defined by the National Academy of Medicine as “the 
failure to (a) establish an accurate and timely explanation 
of the patient’s health problem(s) or (b) communicate that 
explanation to the patient” [6], and has an estimated inci-
dence of 10–15% in general medicine [7, 8].

This research has two primary aims. First, given 
increasing prioritization of diagnostic safety [9–11] and 
efforts to include patient perspectives to improve diag-
nostic experiences [12–16], our research aims to examine 
patient experiences of misdiagnosis of endometriosis. 
Conventional assessments utilizing objective measures 
to document diagnostic error are essential. However, the 

*Corresponding author: Allyson C. Bontempo, MA, Doctoral 
Student, School of Communication and Information, Rutgers 
University, 4 Huntington Street, New Brunswick, NJ 08901, USA, 
E-mail: allyson.bontempo@rutgers.edu 
Lisa Mikesell: School of Communication and Information, Rutgers 
University, New Brunswick, USA, E-mail: lisa.mikesell@rutgers.edu

Brought to you by | Göteborg University - University of Gothenburg
Authenticated

Download Date | 2/3/20 3:32 PM

mailto:allyson.bontempo@rutgers.edu
mailto:lisa.mikesell@rutgers.edu


2      Bontempo and Mikesell: Patient perceptions of endometriosis misdiagnosis

reporting of diagnostic errors is poor [17]. A disease with 
such considerable diagnostic delay complicates chart 
review due to delays exceeding medical record retention 
requirements. Additionally, such investigations, by defi-
nition, typically exclude the perspectives of patients, the 
most important stakeholder in diagnosis. In particular, we 
aim to document patient-reported diagnostic delay, inci-
dence of misdiagnosis, whether patients perceived their 
misdiagnosis as physical and/or mental in nature, and to 
which healthcare professional (HCP) types patients attrib-
uted such misdiagnoses.

Second, our research aims to elucidate patient- and 
disease-related characteristics predictive of patient-
reported misdiagnosis. Specifically capturing disease-
related characteristics is valuable in endometriosis 
diagnostic error research as, currently, the only way to 
conclusively diagnose endometriosis – surgical visu-
alization with confirmed biopsy [18] – is invasive and 
expensive. Therefore, HCPs’ initial suspicion of endo-
metriosis is especially reliant on patient-reported 
symptoms, symptoms that are commonly reflective of 
the physical site(s) of the disease. As such, we aim to 
document which patient-reported symptoms and physi-
cal sites of endometriosis are predictive of reported 
misdiagnosis.

Materials and methods
Study design and sample

This study analyzed online survey data collected as part of a larger 
research project from a nonrandom sample of US adult patients with 
self-reported surgically confirmed endometriosis. The larger pro-
ject aimed to elucidate the relationship between patient-perceived 
healthcare system- and HCP-related factors and patient online com-
munity use among patients with endometriosis, including physical 
and mental health factors. Participants were recruited April–August 
2017 via an advertisement posted on the social media sites of endo-
metriosis organizations. Each organization was contacted separately 
and briefed on the study to solicit participation. The aforementioned 
organizations agreed to post an Institutional Review Board (IRB)-
approved advertisement with a link to the open survey on their 
social media pages, which was able to be shared on social media by 
other individuals and organizations.

Individuals who accessed the link were brought to the online 
survey hosted by Qualtrics, which first presented the IRB-approved 
consent form that described the study. Only after agreeing to partici-
pate were they directed to the survey. Those who completed the sur-
vey could enter into a raffle for one of three $25 Amazon gift cards. 
Participants were assured their email address would not be linked to 
their individual survey data. All study procedures were approved by 
Rutgers University IRB.

Variables

Patient-reported diagnostic delay: Diagnostic delay was measured 
by subtracting the number of years ago patients reported receiving 
their diagnosis from the number of years ago they reported  symptoms 
onset.

Patient-reported misdiagnosis: Patient-reported misdiagnosis of a 
mental and/or other physical health problem was measured using 
two single-item questions: “Has a physician ever misdiagnosed your 
endometriosis as a physical health problem (before you were diag-
nosed with endometriosis)?” and “Has a physician ever misdiagnosed 
your endometriosis as a mental health problem (before you were diag-
nosed with endometriosis)?” For each of these two questions, partici-
pants could respond with yes (“1”) or no (“0”). As such, patients could 
endorse a physical health misdiagnosis, a mental health misdiagno-
sis, both a physical and mental health misdiagnosis, or neither.

Patient-reported misdiagnosis by HCP type: If participants 
responded affirmatively to having been misdiagnosed with a physi-
cal health problem, a mental health problem, or both, the survey 
then asked by whom this misdiagnosis was made, with the options 
of (1) “general practitioner” (GP), (2) “OB/GYN, gynecologist,” 
(3) “endometriosis specialist”, or (4) “other.” Participants could 
mark all that applied. For each of these four options, responses were 
dichotomized as yes (“1”) or no (“0”). If “other” was selected, they 
were asked to further specify in an open comment field.

Patient-related characteristics: Current age, race/ethnicity, age at 
symptom onset, and family history of endometriosis were included 
for analysis. Current age was included as a reflection of the presumed 
advancement of the state of medicine for endometriosis over time. 
Race/ethnicity and age at symptom onset were included as stable, 
visible characteristics likely influencing disparities in diagnosis. 
Family history was included for its likely facilitative influence on 
diagnosis. Current age and age at symptom onset were treated as 
continuous variables, with values representing years. Owing to the 
large proportion of participants who reported being non-Hispanic 
White, race/ethnicity was dichotomized as non-Hispanic White (“1”) 
and other races/ethnicities (“0”). Family history was dichotomized 
as yes (“1”) or no (“0”).

Disease-related characteristics: Twenty-five endometriosis symp-
toms and 14 physical sites of endometriosis were included for analy-
sis. For symptoms and sites of endometriosis, patients were given 
a respective list for each and asked to mark all that applied (listed 
in Table 3). Responses were dichotomized as yes (“1”) or no (“0”). 
Responses to having endometriosis in the physical site of the uterine 
wall were re-coded to reflect a new variable, a comorbid diagnosis of 
adenomyosis.

Statistical analysis

Statistical analysis was conducted using the IBM SPSS Statistics for 
Windows program Version 25 (IBM Corp, Armonk, NY,  USA)  [19]. 
 Frequency analysis was used to estimate patient-reported misdiag-
nosis and the type of HCP patients reported had misdiagnosed them. 
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A series of 86  separate hierarchical logistic regressions were per-
formed to identify the aforementioned patient- and disease-related 
characteristics predictive of physical and mental health misdiagnosis 
reports, with 43 regressions each for physical and mental health mis-
diagnosis reports.

Results

Participant characteristics

Table 1 displays the descriptive statistics of all demo-
graphic, endometriosis, and other health characteristics. 
Data from 758 participants were analyzed, and those who 
did (n = 695) and did not (n = 63) complete the survey were 
compared. Patients’ current age ranged from 18 to 64 
[mean (M) = 33.9, standard deviation (SD) = 7.7]. A major-
ity identified as non-Hispanic White (79.9%). A little more 
than half identified as married (56.7%) and as having at 
least a college degree (55.3%). 43.8% reported a personal 
annual income of  ≤  $40,000.

Patient-reported diagnostic delay and 
misdiagnosis
Table 2 displays the patient-reported misdiagnosis rates. 
Mean reported diagnostic delay was 8.6 years (SD = 6.5). 
75.2% (n = 570) reported having had their endometriosis 
misdiagnosed, while 24.8% (n = 188) reported they did 
not. Of those who reported affirmatively, 95.1% (n = 542) 
reported having been misdiagnosed with another physi-
cal health problem, while 49.5% (n = 282) reported having 
been misdiagnosed with a mental health problem. 44.6% 
(n = 254) reported having received both. Also of those 
who reported affirmatively to any misdiagnosis, 34.4% 
(n = 260) reported misdiagnosis by a GP, 53.2% (n = 402) 
by a gynecologist, 3.7% (n = 28) by an endometriosis spe-
cialist, and 11.1% (n = 84) by another HCP type.

Of those who reported a physical health misdiag-
nosis (n = 542), nearly a third (30.9%, n = 176) reported 
misdiagnosis by a GP, 65.8% (n = 375) by a gynecologist, 
and 4.0% (n = 23) by an endometriosis specialist. 11.8% 
(n = 67) reported misdiagnosis by another HCP type. 
Among patients who specified, this included gastroenter-
ologists (n = 24), emergency room (ER) physicians (n = 16), 
fertility doctors (n = 7), surgeons (n = 4), urologists (n = 2), 
physiatrists (n = 2), endocrinologists (n = 2), oncologists 
(n = 2), neurologists (n = 2), a pediatrician, an internist, 
a pain specialist, a nurse practitioner, a hematologist, 
an ear-nose-throat (ENT) physician, and a dermatologist. 

Two patients did not specify any HCP type. Ninety-nine 
patients reported more than one HCP as having misdi-
agnosed them (641 total HCP types marked). Of those 
patients, 14.6% (n = 79) reported two and 2.0% (n = 11) 
reported three HCPs.

Of those who reported a mental health misdiagno-
sis (n = 282), a nearly identical percentage – nearly one-
fourth – reported misdiagnosis by a GP (26.3%, n = 150) 
and/or gynecologist (25.6%, n = 146), while only 1.1% 
(n = 6) reported an endometriosis specialist. 5.3% (n = 30) 
reported a mental health misdiagnosis by another type of 
HCP. Among patients who specified, this included mental 
health professionals (n = 6), ER physicians (n = 5), gas-
troenterologists (n = 2), urologists (n = 2), pain special-
ists (n = 2), an endocrinologist, a physiatrist, and a nurse 
practitioner. Five patients did not specify any HCP type. 
Fifty patients reported more than one HCP as having mis-
diagnosed them (332 total HCP types marked). Of those 
patients, 15.2% (n = 43) reported two and 2.1% (n = 6) 
reported three HCPs.

Patient- and disease-related predictors of 
misdiagnosis
Table 3 displays the odds ratios (ORs), 95% confidence 
intervals (95% CIs), and probability values from the hier-
archical logistic regressions predicting reported misdiag-
nosis. Odds of a reported misdiagnosis, whether physical 
or mental, were not significantly improved for patients 
who reported a family history of endometriosis as com-
pared to those who did not report a family history. Odds 
of a reported physical and/or mental health misdiagnosis 
were also not significantly greater for those who reported 
an older age. While odds of a reported physical health 
misdiagnosis was not significantly greater based on a 
younger reported age of symptom onset, it was signifi-
cantly greater for those reporting a mental health misdi-
agnosis. Odds of either reported misdiagnosis were also 
not significantly less for those who reported being non-
Hispanic White.

Eighteen of the 25 endometriosis symptoms were 
positively statistically predictive of a physical health mis-
diagnosis report. Those who reported a physical health 
misdiagnosis had significantly greater odds to report 
endometriosis symptoms of blood in the stool, fatigue, 
flank pain, frequent urination, joint pain and leg pain, 
painful bowel movements and urination, pelvic pain, and 
rectal pain, and to a lesser degree of blood in the urine, 
diarrhea, dysmenorrhea, dyspareunia, excessive bleed-
ing, headache, nausea, and weight gain. Five of the 13 
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Table 1: Characteristics of all participants included in the analysis (n = 758).

Data elements % of respondents

Analyzed (n = 758) Completed (n = 695) Uncompleted (n = 63)

Demographic characteristics
 Age, years (M) 33.9 33.9 34.0
 Race/ethnicity
  Non-Hispanic black 2.9 2.9 3.2
  Non-Hispanic American Indian/Alaskan
  Native 0.8 0.7 1.9
  Hispanic American Indian/Alaskan
  Native 0.1 0.0 1.9
  Non-Hispanic Asian 1.1 1.2 0.0
  Non-Hispanic White 79.9 80.7 71.4
  Hispanic White 4.9 4.6 7.9
  Non-Hispanic Native Hawaiian/other
  Pacific Islander 0.3 0.3 0.0
  Non-Hispanic mixed race 1.6 1.7 0.0
  Non-Hispanic other 0.5 0.6 0.0
  Hispanic other 0.4 0.4 0.0
  Missinga 7.5 6.9 14.3
 Marital status
  Single/never married 19.9 20.0 17.5
  In a relationship/cohabitating 16.1 16.0 17.5
  Married 56.7 56.8 56.1
  Separated/divorced 6.8 6.6 8.8
  Widowed 0.6 0.6 0.0
Highest education completed
  Some high school 8.5 8.7 7.0
  Business/trade/technical school 5.2 4.9 8.8
  Some college/2-year degree 30.9 30.9 31.6
  College degree 32.3 31.6 38.6
  Graduate degree 23.1 23.9 14.0
 Personal annual income  ≤  $40,000 43.8 44.6 34.5
 Geographic location
  Northeast 33.1 32.9 34.9
  Southeast 23.0 23.0 22.2
  Midwest 23.7 24.3 17.5
  West 20.2 19.7 25.4
Endometriosis characteristics
 Last known stage of endometriosis
  Stage I 4.3 4.5 1.6
  Stage II 12.3 12.6 8.1
  Stage III 17.7 17.0 25.8
  Stage IV 34.8 35.0 32.3
  Unknown 31.0 30.9 32.3
 Endometriosis-associated infertility 47.6 47.1 54.0
 Hysterectomy for endometriosis 18.0 17.6 20.6
 Family history of endometriosis 60.1 60.5 55.6
Other health characteristics
 Pain levels (0–100) (M, SD)
  Average level in the past 7 days 45.6 45.5 47.5
  Average level 51.6 51.7 50.7
  Worst level 88.5 88.6 87.1
 Self-rated health
  Poor 9.0 9.4 4.8
  Fair 20.8 21.0 19.0
  Good 39.7 40.1 34.9
  Very good 26.9 26.0 36.5
  Excellent 3.6 3.5 4.8
Misdiagnosed 75.2 75.7 69.8
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Data elements % of respondents

Analyzed (n = 758) Completed (n = 695) Uncompleted (n = 63)

 Physical health misdiagnosis 95.1 71.9 66.7
 Mental health misdiagnosis 49.5 37.1 38.1
aRespondents were marked as missing if their race and ethnicity were missing, if only their race was missing, and if only their ethnicity was 
missing. M, mean; SD, standard deviation.

Table 1 (continued)

Table 2: Reported misdiagnosis by misdiagnosis type and HCP type (n = 570).

Misdiagnosis type (%)   Any misdiagnosis (n = 570)  PHa misdiagnosis (n = 542)  MHb misdiagnosis (n = 282)

HCP type (%)
 General practitioner   34.4  30.9  26.3
 Gynecologist   53.2  65.8  25.6
 Endometriosis specialist   3.7  4.0  1.1
 Other type of HCP   11.1  11.8  5.3

HCP, healthcare professional. aPhysical health misdiagnosis. bMental health misdiagnosis.

Table 3: ORs and 95% CIs of patient- and disease-related factors associated with reported misdiagnosis.

Variables ORs [95% CIs]

PHa MHb

Patient-related characteristics
 Age (years) 1.01 [0.99, 1.04] 0.99 [0.97, 1.01]
 Race/ethnicity (reference = non-Hispanic White)
  All non non-Hispanic White 1.39 [0.93, 2.10] 1.28 [0.85, 1.91]
 Age at symptom onset, years 0.98 [0.95, 1.01] 0.95 [0.97, 0.99]d

 Family history (reference = absence of history)
  Family history 1.11 [0.80, 1.52] 1.28 [0.94, 1.73]
Disease-related characteristics
 Symptom of endometriosis (reference = absence of specific symptoms)
  Back pain 1.51 [0.95, 2.38] 2.47 [1.45, 4.19]d

  Bloating 1.26 [0.75, 2.11] 1.32 [0.79, 2.22]
  Blood in the stool 1.84 [1.29, 2.62]d 2.33 [1.71, 3.18]e

  Blood in the urine 1.52 [1.00, 2.30]c 2.38 [1.67, 3.40]e

  Chest pain 1.50 [1.00, 2.24] 2.43 [1.71, 3.45]e

  Constipation 1.38 [0.96, 1.99] 1.35 [0.94, 1.93]
  Cramping 1.40 [0.66, 2.98] 1.47 [0.67, 3.24]
  Cysts 1.27 [0.87, 1.86] 1.21 [0.83, 1.75]
  Diarrhea 1.49 [1.06, 2.10]c 1.48 [1.05, 2.07]c

  Dysmenorrhea 1.38 [1.01, 1.90]c 1.37 [1.02, 1.84]c

  Dyspareunia 1.46 [1.01, 2.11]c 1.91 [1.29, 2.81]d

  Excessive bleeding 1.46 [1.04, 2.05]c 1.87 [1.33, 2.62]e

  Fatigue 2.16 [1.28, 3.65]d 4.47 [2.10, 9.54]e

  Flank pain 1.76 [1.27, 2.42]d 2.00 [1.48, 2.70]e

  Frequent urination 1.73 [1.26, 2.38]d 1.53 [1.13, 2.07]d

  Headache 1.42 [1.02, 1.98]c 1.82 [1.30, 2.53]e

  Infertility 1.11 [0.81, 1.52] 0.79 [0.59, 1.06]
  Joint pain 1.66 [1.21, 2.29]d 1.52 [1.13, 2.04]d

  Leg pain 1.65 [1.20, 2.27]d 1.42 [1.05, 1.91]c

  Nausea 1.42 [1.00, 2.02]c 1.76 [1.23, 2.51]d

  Painful bowel movements 1.69 [1.18, 2.43]d 1.78 [1.23, 2.59]d

  Painful urination 1.73 [1.25, 2.39]d 1.80 [1.34, 2.43]e
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physical sites of endometriosis were positively predictive 
of a physical health misdiagnosis report. They were statis-
tically more likely to report endometriosis on the bladder 
and pelvic sidewall, and to a lesser extent on the appen-
dix, small bowel, and rectum.

Twenty of the 25 endometriosis symptoms were 
positively statistically predictive of a mental health mis-
diagnosis report. Those who reported a mental health 
misdiagnosis had significantly greater odds to report endo-
metriosis symptoms of blood in the urine and stool, chest 
pain, excessive bleeding, fatigue; flank pain, headache, 
and painful urination; to a somewhat lesser extent back 
pain, dyspareunia, frequent urination, joint pain, nausea, 
painful bowel movements, rectal pain, and weight gain, 
and to an even lesser extent diarrhea, dysmenorrhea, leg 
pain, and pelvic pain. Nine of the 13 physical sites of endo-
metriosis were positively predictive of a mental health 
misdiagnosis report. They were statistically more likely to 
report endometriosis on the rectum, bladder, small bowel, 
diaphragm, and pelvic sidewall, and to a lesser degree the 
large bowel, lung, and ureter. They were also statistically 
more likely to report a comorbid adenomyosis diagnosis.

Discussion
The overall aim of this study was to undertake a patient-
oriented approach to examining misdiagnosis via patient 

self-report. Overall, results indicated a considerable mean 
diagnostic delay (8.6 years). Additionally, a considerably 
high proportion of patients reported having been misdi-
agnosed (75.2%) with another physical health (95.1%) 
or mental health problem (49.5%) (and 44.6% reported 
both); thus, reports of other physical health problems 
were almost twice as frequent. Patients attributed misdi-
agnosis to several HCP types, most frequently gynecolo-
gists followed by GPs.

The results of the logistic regressions revealed that 
most endometriosis symptoms surveyed were positively 
predictive of patients reporting misdiagnoses for both 
a physical health and mental health misdiagnosis. The 
proportion of physical sites of endometriosis predictive of 
a misdiagnosis report was significantly less than that of 
symptoms. Overall, the ORs were larger and significance 
values were smaller for the regressions predicting mental 
health misdiagnoses than they were for the regressions 
predicting physical health misdiagnoses. This may indi-
cate a perhaps stronger influence of mental health mis-
diagnoses than physical health misdiagnoses, despite the 
almost double frequency of the latter.

General discussion and implications

Several of these findings warrant further discussion and 
have important implications. First, these self-reported 

Variables ORs [95% CIs]

PHa MHb

  Pelvic pain 1.99 [1.25, 3.18]d 2.00 [1.18, 3.38]c

  Rectal pain 1.66 [1.21, 2.28]d 1.67 [1.24, 2.25]d

  Weight gain 1.45 [1.06, 2.00]c 1.50 [1.11, 2.03]d

 Site of endometriosis (reference = absence of specific sites)
  Appendix 1.77 [1.13, 2.80]c 1.39 [0.96, 2.03]
  Bladder 2.18 [1.56, 3.06]e 1.54 [1.14, 2.07]d

  Small bowel 1.45 [1.03, 2.04]c 1.63 [1.20, 2.22]d

  Diaphragm 1.21 [0.63, 2.31] 2.66 [1.50, 4.74]d

  Fallopian tube 1.21 [0.88, 1.66] 1.20 [0.89, 1.61]
  Kidney 0.94 [0.45, 1.93] 1.30 [0.67, 2.53]
  Large bowel 1.25 [0.90, 1.74] 1.43 [1.06, 1.93]c

  Liver 0.87 [0.30, 2.54] 2.20 [0.81, 5.97]
  Lung 1.60 [0.34, 7.59] 4.00 [1.03, 15.58]c

  Ovary 1.30 [0.90, 1.89] 1.21 [0.84, 1.73]
  Pelvic sidewall 1.59 [1.15, 2.20]d 1.75 [1.27, 2.41]d

  Rectum 1.50 [1.05, 2.14]c 1.94 [1.42, 2.66]e

  Ureter 1.27 [0.88, 1.83] 1.41 [1.02, 1.96]c

 Comorbid adenomyosis (reference = absence of comorbid adenomyosis)
  Comorbid adenomyosis 1.32 [0.96, 1.81] 1.62 [1.20, 2.18]d

aPhysical health misdiagnosis. bMental health misdiagnosis. cp < 0.05, dp < 0.01, ep < 0.001.

Table 3 (continued)
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data align fairly well with previous objective assessments 
of diagnostic error of endometriosis but reveal a higher 
percentage of reported misdiagnosis and slightly longer 
delays. For instance, Nnoaham et al.’s study [5] reported 
a 6.7-year mean delay, whereas this sample reported an 
8.6-year mean delay. However, the Endometriosis All 
Party Parliamentary Group of the UK presented research 
at the 9th World Congress on Endometriosis [20] similarly 
reported a mean delay of 8.3 years among 7025 patients 
from 52 countries, although 65% of their sample reported 
a misdiagnosis compared to 75.2% of the current sample. 
Taken together, these findings seem to suggest that 
patients may be fairly reliable reporters of misdiagnosis 
and reinforce the value in continuing to include patients 
in research documenting misdiagnosis incidence.

Second, although patients attributed mental health mis-
diagnosis almost equally to gynecologists and GPs (25.6% vs. 
26.3%, respectively), they attributed physical health misdi-
agnoses more than twice as frequently to gynecologists than 
to GPs (65.8% vs. 30.9%, respectively). There are presum-
ably two possibilities to explain these reports. First, patients 
were in fact misdiagnosed this frequently by gynecologists. 
Second, and not mutually exclusive from the first, com-
munication between patients and gynecologists was poor, 
leading patients to misperceive gynecologists’ clinical rea-
soning during the diagnostic process (e.g. patients perceiv-
ing diagnostic alternatives as confirmed diagnoses).

This first possibility may warrant special concern, 
as gynecologists are considered specialists rather than 
generalists and it is commonly expected that “experts 
will tend to make the fewest errors … and excel in effi-
cient diagnosis” [21–24]. While this finding may reflect a 
number of factors including patients seeking out gynecol-
ogists more frequently due to the location of their pain; 
patients’ familiarity with and access to gynecologic 
care, as many females receive annual checkups; and/or 
because gynecologists are the only HCPs who perform the 
requisite surgery to diagnose such complaints, it never-
theless indicates a pressing target of further investigation. 
Indeed, among a survey of 53 HCPs at an academic institu-
tion, only six (11%) correctly identified the prevalence of 
endometriosis, five of whom were gynecologists (among a 
subsample of 11 gynecologists) [25]. Assessing gynecolo-
gists’ competency in diagnosing endometriosis based on 
the standard curriculum that currently exists is essential 
to teasing apart this finding.

Regarding the second possibility, even if patients’ 
perceptions of misdiagnosis are misperceptions, that 
misdiagnosis is so commonly reported may suggest that 
gynecologists’ communication of diagnostic explanations 
with patients – an essential component of how diagnostic 

error is defined [6] – requires continued investigation. A 
recent study showed that in US primary care contexts, 
diagnosis is frequently not communicated (47% of the 
time) to patients and when it is, it is often communicated 
with uncertainty [26]. While communicating diagnosis is 
likely treated differently in primary care contexts than in 
gynecology, this recent work points to the importance of 
examining if and how diagnoses are delivered for patients 
who are experiencing early symptoms of endometriosis. 
Future research should also examine how HCPs’ diagnos-
tic uncertainty and overall clinical reasoning underlying 
the diagnostic process can be better communicated to and 
with patients, which supports a previous call for patients 
to serve as co-producers in their diagnosis [12–15].

Third, the percentage of patients who reported a 
mental health misdiagnosis was high (49.5%). Regard-
less of whether patients were actually misdiagnosed with 
a mental health problem or merely perceived this misdi-
agnosis, there is considerable stigma attached to mental 
health disorders. Therefore, when patients perceive a 
mental health misdiagnosis, they have to come to terms 
with being labeled mentally unwell while also experienc-
ing symptoms of undiagnosed endometriosis. According 
to the American Psychiatric Association, the provision 
of a mental health disorder based solely on the absence 
of medical evidence is not only an invalid diagnosis, but 
is likely to contribute to patients’ broader notions of self 
and well-being as they are perceived as “pejorative and 
demeaning” [27]. Other research have similarly found that 
patients eventually diagnosed with endometriosis, upon 
receiving an official diagnosis, report experiencing anger 
toward HCPs who they believed misdiagnosed them with 
a mental health problem [28–30]. Ultimately, a mental 
health misdiagnosis, real or perceived, can contribute 
negatively to patients’ psychological health and is there-
fore important to document.

These second and third points have important legal 
implications for HCPs. In particular, medical malpractice 
claims occur most frequently for diagnostic error [31] and 
rank first in high-severity claims and total payouts [32]. 
Thus, endometriosis, a disease with considerable diag-
nostic error, may place relevant physicians at an even 
greater risk for medical malpractice claims than for those 
not encountering patients presenting with endometrio-
sis. More importantly, patient dissatisfaction, including 
patient-perceived poor HCP communication [33, 34], is a 
stronger predictor of malpractice claims than is merely 
the occurrence of medical error [35], and significant litera-
ture demonstrates endometriosis patients perceive nega-
tive HCP interactions especially during diagnostic clinical 
encounters [36].
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Lastly, these results shed light on the interdiscipli-
nary nature of endometriosis. Although patients reported 
misdiagnosis primarily by gynecologists without per-
ceived specialized training in endometriosis, and GPs, 
patients nevertheless reported a wide range of other 
HCP specialties who had misdiagnosed them including 
gastroenterology, reproductive endocrinology, and emer-
gency medicine, among others. This finding suggests 
that patients presented to a wide range of HCP specialties 
during their search for a diagnosis. This finding is also not 
surprising, as endometriosis is a disease that can grow on 
many different organs and physical sites and is therefore 
within the purview of various specialties. Thus, interdis-
ciplinary medicine spanning multiple specialties may aid 
the diagnostic process.

Limitations

This study is not without several important limitations. 
First, our sample was nonrandom, recruited primar-
ily via the social media sites of endometriosis organiza-
tions. Thus, participant self-selection likely introduced 
a degree of bias into the data, and therefore it is unclear 
how representative this sample is of all individuals with 
endometriosis. It is therefore critical for future research to 
pursue a similar examination using random sampling via 
multiple recruitment channels to confirm and lend greater 
confidence in our findings. Nevertheless, there is value in 
accessing perceptions of patients who are actively con-
nected with endometriosis social media sites as they may 
be more likely to be experiencing endometriosis-related 
challenges and thus in greater need of support.

Second, the sample comprised participants who self-
identified as having an endometriosis diagnosis; medical 
records were not obtained and diagnosis was therefore 
not confirmed. While we limited our sample to partici-
pants who self-identified as having received a surgically 
confirmed diagnosis (vs. a suspected but not surgically 
confirmed diagnosis), our survey was anonymous, pre-
cluding our ability to conduct a random sample of medical 
record review.

Third, although objectively measuring rates of mis-
diagnosis was not the aim of this study, it is neverthe-
less important to recognize that patient self-reported 
data lack robustness for documenting this incidence. 
By examining patient-reported experiences, we recog-
nize that patients may have reported misperceptions 
of the standard diagnostic process as in fact misdiag-
nosis, which may not have been objectively accurate. 
For instance, patients may have misunderstood HCPs’ 

intentions when ordering tests that may have appeared 
to delay diagnosis or may have  misunderstood HCPs’ 
process of ruling out alternative diagnoses. Future 
research should further investigate patients’ experiences 
with misdiagnosis of endometriosis through in-depth 
qualitative explorations to yield more nuanced insights 
[14] and, unlike the current study, confirm self-reported 
misdiagnosis with medical records.

Finally, our classification of HCPs as “endometriosis 
specialists” may be problematic given that there is no 
formal institutional accreditation for an “endometriosis 
specialist” and from an insurance query standpoint, all 
regular gynecologists are considered specialists to diag-
nose and treat endometriosis. This distinction may not be 
known to some patients. Furthermore, any gynecologist 
can claim expertise as an endometriosis specialist while 
lacking specialized knowledge of endometriosis. We dis-
tinguished gynecologists from more specialized gynecolo-
gists, referring to the latter as “endometriosis specialists”, 
which relied on patient perception, and not, for example, 
on years of HCP endometriosis-specific training.

Conclusions
Endometriosis continues to present serious and complex 
diagnostic challenges. These patient-reported data align 
with and support previous, long-standing claims that 
endometriosis diagnosis is severely delayed. These results 
also contribute new data, documenting patient-reported 
rates of misdiagnosis. These particular data showed a 
considerably high proportion of patients reported having 
been misdiagnosed and more frequently as physical 
health misdiagnoses, though mental health misdiagno-
ses were not uncommon. Misdiagnoses were reported 
to occur most often by gynecologists and GPs, who were 
not perceived by patients to have specialized endometri-
osis training and who are likely patients’ early points of 
contact when first presenting symptoms. Taken together, 
these findings further demonstrate value in including 
patients in diagnostic error research.
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Introduction
Endometriosis, a condition histologically characterized by 
the presence of viable endometrial glands and stroma in 
extrauterine locations such as in the peritoneum, ovary, 
and bowel, is a chronic disease that causes pelvic pain, 
dysmenorrhea, and/or infertility in up to 10% of women of 
reproductive age.1,2 Because the condition is latent at the 
very early stages and may remain undiagnosed for many 
years after onset of symptoms, it can significantly progress 
by the time of clinical diagnosis, with limited treatment 
options in advanced stages.3 Surgical removal of lesions 
generally provides only temporary relief since the condi-
tion has a high incidence of recurrence.3 In some cases, 
surgery may compromise ovarian function.4 Moreover, a 
significant fraction of patients do not respond or develop 
resistance to hormonal treatments.5 Thus, identifying pre-
ventative and alternative therapeutic strategies for man-
agement of endometriosis continues to be of high priority.

Chronic diseases have emerged as a considerable global 
health burden, in lieu of infectious diseases that have rap-
idly declined in the last 20 years. Risk factors for the 
majority of chronic diseases, including smoking, alcohol 

use, Western diet, and physical inactivity, are considered 
mostly preventable.6 According to the Global Burden of 
Disease study,7 diet is a leading risk factor for early death 
worldwide, second only to smoking. Indeed, approxi-
mately 60% of all cancer types may be attributed to meta-
bolic syndrome and its accompanying components of 
obesity and Type 2 diabetes, which are due largely to over-
nutrition.8 In the United States, obesity has reached almost 
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epidemic proportions with nearly 40% of adults and 19% 
of children categorized as metabolically compromised. 
Given the latter and the increasing incidence of obesity 
globally, it is reasonable to predict that in the absence of 
effective interventions, the incidence of chronic diseases 
will only escalate with accompanying personal and socio-
economic consequences.9

In recent years, endometriosis has been increasingly 
linked to ovarian, endometrial, and breast cancers.10–12 A 
significant proportion of these steroid hormone-dependent 
cancers are tied to metabolic dysfunctions. A known trig-
ger for metabolic syndrome is inflammation initiated by 
over-production and secretion of local- or systemic-acting 
pro-inflammatory cytokines. Given that women with 
endometriosis demonstrate a state of chronic inflamma-
tion,13 treatments that reduce inflammation may mitigate 
the risk or severity of endometriosis. In this review, we 
discuss recent data on evidence-based associations 
between diet and endometriosis and the mechanistic points 
of action of constituent dietary factors that may contribute 
to promotion or inhibition of the disease.

Diet and endometriosis—the linkages
Population studies to date support an inverse associa-
tion of endometriosis with body mass index (BMI).14 
Interestingly, endometriosis is associated with lean 
body size during childhood, adolescence, and adult-
hood.15 This relationship between BMI and endometrio-
sis appears counter-intuitive, but can be explained to 
some extent by the fact that obese women may suffer 
from anovulation, fewer menstrual cycles and hence, 
decreased menstrual tissue reflux, the latter being the 
most accepted etiology for endometriosis.16 However, 
there are sporadic reports on a positive association 
between increasing BMI and advancing-stage endome-
triosis17 and between prepubertal obesity and endome-
triosis recurrence risk.18 Given these conflicting 
findings, the question on whether obesity results in 
endometriosis or whether the presence of endometriosis 
leads to obesity remains unresolved.

Metabolic dysfunction and obesity usually co-exist but 
disrupted metabolic status can also arise independent of 
body weight. Indeed, metabolic syndrome rather than BMI 
better predicts cardiovascular risk in women and inflam-
matory activity is more closely associated with metabolic 
status than body weight.19 In a study of women with and 
without endometriosis, differing plasma metabolite pro-
files were associated with and predictive of disease occur-
rence.20 A recent study addressed the causal relationship 
involving BMI, metabolic status, and endometriosis in a 
mouse model of the disease.21 Mice with experimentally 
induced endometriosis were found to display lower body 
weights than sham controls after 21 weeks of ad libitum 
feeding, leading to the conclusion that endometriosis is 

causal to loss of body weight and body fat. The lower BMI 
consequent to endometriosis was attributed to disruption 
of hepatic liver metabolism, providing a mechanistic link 
to the poorly understood metabolic component of endome-
triosis. While these findings offer support for the negative 
correlation between BMI and endometriosis, they chal-
lenge the long-held view that lower BMI is a risk factor for 
endometriosis and a predictive factor for severe endome-
triosis. Further assessment of the systemic and local 
(lesion, peritoneal) inflammatory phenotypes in these mice 
will provide important insight on the link between meta-
bolic perturbations and inflammation in women with 
endometriosis.

Our own study implicated a causal link between diet 
and endometriosis in an immune-competent mouse model 
of the disease.22 We found that diets which differed only 
in fat content (high-fat diet, HFD: 45% fat kcal vs control 
diet, CD: 17% fat kcal) and provided ad libitum to recipi-
ent mice beginning at weaning (5 weeks prior to intra-
peritoneal lesion administration) and for an additional 
4 weeks after endometrial tissue i.p. administration, elic-
ited significant differences in lesion number (HFD > CD), 
lesion inflammatory and redox status (HFD > CD), and 
systemic/peritoneal fluid redox levels (HFD > CD). No 
differences in body weights and in serum levels of estro-
gen, progesterone, and insulin were noted between the 
two groups. These results indicate that diets promoting 
systemic inflammation and oxidative stress can enhance 
endometriosis progression. Furthermore, they lend sup-
port to the notion that adiposity is not a major contributor 
to endometriosis risk.

Table 1 summarizes recent studies (2000 to present) 
that have experimentally evaluated dietary effects on 
endometriosis progression using animal models of endo-
metriosis and women with diagnosed endometriosis. 
Manuscripts reporting prospective data wherein diets 
were assessed via food frequency questionnaires and 
hence, maybe subject to recall bias, are not included in 
this review. Several important points are worth-noting 
from these collective studies. First, dietary factors with 
known anti-inflammatory effects can mitigate disease 
progression, assessed as lesion size in mouse models and/
or decreased risk for advanced endometriosis stage and/or 
reduction in pain symptoms in afflicted patients. The vari-
ous dietary factors evaluated (e.g. green tea, resveratrol, 
fish oil, soy isoflavones) have shown health benefits in 
many previous experimental animal and human studies, 
and thus, their ability to alleviate endometriosis is not 
entirely surprising. Second, women with endometriosis 
(and their lesion stromal cells) and mouse models of the 
condition respond similarly to dietary factors with anti-
inflammatory effects, consistent with chronic inflamma-
tion as an underlying driver in endometriosis establishment 
and progression. Third, polyunsaturated fatty acids, fish 
oils, vitamins, and flavonoids as candidate molecules in 
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the management of endometriosis pain and in reducing 
lesion size are in keeping with previous reports from die-
tary recall questionnaires suggesting a negative associa-
tion between consumption of fish oils, green vegetables, 
fruits and dairy products, and endometriosis risk.23–25

In a recent study, gluten-free diet showed a significant 
positive effect in reducing pain symptoms in endometrio-
sis patients.48 The retrospective study involving 150 
women in each of two groups (group 1 = gluten-free 

diet + dienogest; group 2 = dienogest alone) is a single 
report that requires additional follow-up investigation. 
However, gluten-free diet is prescribed for patients with 
celiac disease caused by an overactive cytokine net-
work.49,50 Moreover, women with celiac disease demon-
strated increased risk for endometriosis51 and infertility.52 
Thus, this dietary regimen may be equally useful in tem-
pering the heightened inflammatory status associated with 
endometriosis.

Table 1. Dietary factors and endometriosis risk.

Dietary factors Sources Model Biological outcome Molecular targets References

Isoflavones 
(genistein, 
daidzein, 
puerarin)

Fruits, 
vegetables, 
other edible 
plants

Women with 
endometriosis
Endometrial stromal 
cells (women with 
endometriosis)
Mice
Rats

↓ Severity
↓ Proliferation
↓ Vascular formation
↓ Invasive ability
↓ Lesion volume

↑ Autophagy
↓ NF-κB activity
↓ TGF-β, TNF-α, and 
IL-6
↓ Oxidative stress
↓ MAPK signaling 
pathway
↓ MMP9, MMP1
↓ P450 aromatase 
expression

Jamillian and Asemi26

Yu et al.27

Danciu et al.28

Tsuchiya et al.29

Wang et al.30

Cheng et al.31

Ji et al.32

Yavuz et al.33

Chen et al.34

Stillbenoid 
(resveratrol)

Red grapes, 
peanuts, 
pistachio, other 
berries

Endometrial stromal 
cells (women with 
endometriosis)
Mice

↓ Severity
↓ Lesion size and 
number

↑ TRAIL-induced 
apoptosis
↓ Survivin
↓ TNF-α
↓ IL-6
↓ Peritoneal fluid and 
lesion VEGF
↓ Peritoneal and 
plasma MCP-1
↓ NF-κB activity
↓ STAT-3 activation
↓ iNOS, COX2, and 
prostaglandin F2α
↑ Sirtuin
↑ Autophagy and 
AMPK-dependent 
pathways

Taguchi et al.35,36

Ergenoğlu et al.37

Bruner-Tran et al.38

Ohtsu et al.39

Vitamin D Fatty fish
Dairy products

Endometrial stromal 
cells (women with 
endometriosis) 
Rats
Mice

↓ Severity
↓ Lesion size
↓ Lesion weight

↓ IL-8
↓MMP2/MMP9
↓ Prostaglandin activity
↓ NF-κB activity
↓ IL-6
↓ Macrophage 
recruitment

Miyashita et al.40

Abbas et al.41

Mariani et al.42

Omega-3 fatty 
acids

Fatty fish, 
walnuts, edible 
seeds, soybeans

Rats
Mice

↓ Lesion numbers ↓ Peritoneal IL-6
↓ TNF-α
↓ VEGF
↓ Lesion IL-6
↓ Lesion VEGF

Akyol et al.43

Attaman et al.44

Tomio et al.45

Epigallocatechin 
gallate

Green tea Mice ↓ Lesion size
↓ Angiogenesis 
parameters

↓ VEGF-B/C 
expression
↓ VEGF/VEGF 
receptor signaling

Xu et al.46

Xu et al.47

NF-κB: nuclear factor-κB; TGF-β: transforming growth factor-β; TNF-α: tumor necrosis factor-α; IL-6: interleukin-6; MMP: matrix metalloprotein-
ase; VEGF: vascular endothelial growth factor; MAPK: mitogen-activated protein kinase; TRAIL: tumor necrosis factor-related apoptosis-inducing 
ligand; STAT-3: signal transducer and activator of transcription-3; iNOS: inducible nitric oxide synthase; COX2: cyclooxygenase 2; AMPK: 5’ adenos-
ine monophosphate-activated protein kinase.
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Molecular targets of dietary 
components in endometriosis
The link between endometriosis and systemic/local 
immune dysfunctions, while well-established,13,53 
remains a “chicken or egg” dilemma. In effect, it is not 
known whether endometriosis predisposes to an inflam-
matory state or whether chronic inflammation leads to 
the development of endometriosis. Nevertheless, the 
inflammatory environment caused by endometriosis is 
considered to contribute to infertility due to effects of 
pro-inflammatory cytokines on endometrial receptivity 
and embryo implantation54,55 and to other pregnancy 
complications in women with the disease.56 In a recent 
review, Alderman et al.57 described how systemic effects 
associated with endometriosis may underlie its co-mor-
bidities including cancers, cardiovascular and autoim-
mune diseases, and pain. Several signaling molecules 
including cytokines, chemokines, and micro-RNAs, and 
the recruitment of bone marrow-derived stem cells into 
endometriotic lesions were discussed as contributory to 
systemic pathogenesis in endometriosis. Readers are 
referred to this review for more details.57

Since inflammation is potentially at the top of the 
regulatory loop leading to endometriosis, maintaining a 
systemic non-inflammatory state or targeting low-level 
inflammation may conceivably alleviate endometriosis 
development and/or recurrence. Studies from our own 
group in conjunction with findings from other 

laboratories suggest a plausible mechanism by which 
inflammation may initiate the process of endometriosis 
at the level of the endometrium (Figure 1). This model 
invokes the loss of expression of certain regulatory mol-
ecules (e.g. Krüppel-like factor 9 (KLF9), progesterone 
receptor) and the over-expression of others (estrogen 
receptor-β, interleukin-6 (IL-6), Notch-1 activation) 
leading to compromised uterine glands and stroma with 
unique molecular defects that foster their residence in 
ectopic sites.58 The loss of KLF9 promoted lesion estab-
lishment in a mouse model of endometriosis,59 consist-
ent with the lower abundance of KLF9 transcripts found 
in eutopic endometria of women with endometriosis 
relative to endometria of women without disease.60 
Resistance to progestin is a well-established feature of 
eutopic endometria and ectopic lesions of women with 
endometriosis due in part, to loss of progesterone recep-
tor expression.61 The over-expression of estrogen 
receptor-β leads to inflammation in endometriosis,62 and 
interestingly, lesions lacking KLF9 from experimentally 
induced endometriosis in mice were associated with 
increased levels of this estrogen receptor isoform.59 
Additionally, Notch-1 signaling activation promotes63 
and is promoted64 by inflammation, is linked to endome-
triosis in a mouse model,59 and is shown to downregulate  
progesterone receptor expression via increased promoter 
methylation in uterine endometrial cells.65 Finally, the 
pro-inflammatory molecule IL-6, an inhibitor of proges-
terone receptor expression,66 is up-regulated in endome-
triotic lesions,59,67 whereas progesterone inhibits 
inflammatory response pathways in uterine endometri-
otic stromal cells.68 While there are gaps in this model 
given the current unknowns and the multi-factorial and 
polygenic nature of endometriosis, it is reasonable to 
predict that diets and dietary factors that can signifi-
cantly impact inflammation-initiated events may influ-
ence endometriosis progression and recurrence.

The current literature highlights an abundance of anti-
inflammatory foods recommended by nutrition experts, 
which consist of fruits and vegetables, whole grains, plant-
based foods (beans, nuts), fatty fish, and spices. The 
molecular targets of the various dietary constituents pre-
sent in these anti-inflammatory foods that may be useful to 
ameliorate endometriosis are presented in Table 1. 
Phytoestrogens present in many vegetables, fruits, and 
other edible plants include isoflavones, lignans, and stilbe-
noids. Isoflavones can influence inflammation through 
multiple mechanisms namely promotion of autophagy, 
down-regulation of transcription factor nuclear factor-κB 
(NF-κB) activity, reduction of inflammatory cytokine pro-
duction (e.g. transforming growth factor-β (TGF-β), tumor 
necrosis factor-α (TNF-α), IL-6), and inhibition of oxida-
tive stress.26–28 In line with the anti-inflammatory effects 
of isoflavones, women with endometriosis consuming iso-
flavones (measured by urinary levels of genistein and 

Figure 1. Schematic diagram of inflammation-mediated 
events in endometriosis and potential intervention points for 
diet/dietary factors. Inflammation can result in endometriosis 
lesion establishment through multiple pathways, which may be 
targeted by dietary factors (described in text).
PUFA: polyunsaturated fatty acids; EGCG: epigallocatechin gallate; NF-
κB: nuclear factor-κB; KLF9: Krüppel-like factor 9; PGR: progesterone 
receptor; ESR2: estrogen receptor-β; ˧: inhibitory effect; ↑: stimulatory 
effect; ?: unknown.
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daidzein) showed decreased risk of advanced endometrio-
sis (Stages III and IV)29 and incorporation of soy isofla-
vone genistein in diets of mice with endometriotic implants 
resulted in regression of ectopic lesions relative to diets 
without genistein.33

Another isoflavone found in arrowroots endemic to 
Japan and China is puerarin. Puerarin demonstrates inhibi-
tory effects on estradiol-17β-induced proliferation, vascu-
larization, and invasive ability of stromal cells isolated 
from women with endometriosis. Multiple mechanisms 
through which it is considered to exert its actions include 
the targeting of matrix metalloproteinase 9 (MMP9) and 
tissue inhibitor of metalloproteinase-1 expression, inhibit-
ing the recruitment of nuclear receptor co-regulators to the 
estrogen receptor-α in promoter/regulatory regions of tar-
get genes, and suppressing the mitogen-activated protein 
kinase (MAPK) signaling pathway.30–32 In a rat model of 
endometriosis, orally administered puerarin reduced lesion 
estrogen production by inhibiting local aromatase expres-
sion, resulting in reduced lesion volume.34 These collec-
tive data suggest the potential for puerarin as a therapeutic 
agent for disease management.

Resveratrol, a stillbenoid, is a polyphenol found in foods 
such as red grapes, peanuts, pistachio, blueberry, and vari-
ous other berries. This compound was found to decrease 
ectopic lesion size in a mouse model of endometriosis con-
current with reductions in peritoneal fluid vascular endothe-
lial growth factor (VEGF) and peritoneal and plasma 
monocyte chemoattractant protein-1 levels, and in lesion 
VEGF expression.37 In a nude mouse model implanted with 
human endometriotic tissues, systemic administration of 
resveratrol decreased lesion numbers (by 60%) and volume 
(by 80%); this was partly attributed to the reduction of the 
ability of endometriotic stromal cells to invade matrix in 
vitro with resveratrol treatment.38 In endometriotic stromal 
cells derived from women with endometriosis, resveratrol 
inhibited survivin expression, enhanced tumor necrosis 
factor-related apoptosis-inducing ligand (TRAIL)-induced 
apoptosis,36 and dose-dependently suppressed TNF-α-
induced release of the pro-inflammatory cytokine IL-6.35 
Other potential mechanisms by which resveratrol may 
inhibit lesion establishment via its anti-inflammatory 
effects, based largely on its actions in other target systems, 
include inhibition of NF-κB activity, signal transducer and 
activator of transcription-3 (STAT-3) activation, and pro-
duction of inducible nitric oxide synthase (iNOS), cycloox-
ygenase-2 (COX2), and prostaglandin F2α and conversely, 
promotion of autophagy, 5’ adenosine monophosphate-
activated protein kinase (AMPK)-dependent pathways, and 
sirtuin expression.39

Vitamin D is a fat-soluble sub-class of steroids with 
multiple endocrine effects. While vitamin D is naturally 
found at high levels in foods such as fatty fish (salmon, 
tuna, mackerel) and in smaller amounts in others (cheese, 
egg, liver), many foods consumed by the general 

population (milk, yogurt, orange juice) are fortified with 
vitamin D. The involvement of vitamin D in endometriosis 
has been studied in women and in experimental animal 
models. In a double-blind clinical trial involving women 
with diagnosed endometriosis, Vitamin D supplementation 
had no effect in reducing dysmenorrhea and/or pelvic pain, 
relative to those without supplementation.69 However, in 
an observational study involving women with ovarian 
endometriosis, those with lower serum levels of vitamin D 
(considered hypovitaminosis D) were more prone to have 
endometriosis than women with normal serum vitamin D 
levels. Interestingly, a linear correlation between serum 
1,25(OH)-D3 levels and diameter of ovarian endometrio-
mas was reported.70 Women with severe endometriosis 
were also found to have significantly lower serum 
1,25(OH)-D3 levels than non-diseased women and women 
with mild endometriosis.40 Furthermore, in endometrial 
stromal cells cultured from ovarian endometriomas, addi-
tion of 1,25(OH)-D3 elicited an anti-inflammatory 
response, manifested as reductions in IL-8 and MMP2/
MMP9 expression, prostaglandin activity, and NF-κB acti-
vation, relative to non-treated cells.40 In animal models of 
endometriosis, vitamin D3 significantly reduced endome-
triotic lesion sizes (by 48%) in rats.41 In mice, injection of 
elocalcitol, a vitamin D agonist decreased lesion weight up 
to 70%, and this was associated with reduced peritoneal 
inflammation, inhibition of macrophage recruitment and 
diminished cytokine IL-6 secretion.42

Epigallocatechin gallate (EGCG) from green tea has 
powerful anti-angiogenic and anti-oxidant properties and 
predictably, has been linked to inhibition of endometriosis-
like lesion formation in mouse models. Transplanted 
eutopic endometria isolated from patients with endome-
triosis generated smaller lesions with significantly reduced 
microvessel size and density and lower VEGF-B/C expres-
sion in nude mice ip injected with EGCG than with vehicle 
alone.46 The reduced macrovascular network in lesions 
was shown to be mediated by EGCG inhibition of VEGF/
VEGF receptor signaling occurring through interferon-γ, 
MMP9, and chemokine ligand 3 pathways.47 Interestingly, 
vitamin E (a non-angiogenic anti-oxidant) did not mimic 
EGCG-elicited effects on lesions, suggesting angiogenesis 
as a major target of EGCG actions.46

Of high relevance to endometriosis is consumption of a 
HFD, given the latter’s known effects in promoting meta-
bolic dysfunction. Studies on the consequences of fat con-
sumption (e.g. saturated fat in red meat) on endometriosis 
progression in women have not yielded a clear consensus of 
an association.23,25 By contrast, a negative association 
between HFD and endometriosis22 was established in a rel-
evant mouse model of the condition. Nevertheless, the ben-
efits of certain dietary fats (e.g. omega-3 polyunsaturated 
fatty acid (omega-3 PUFA)) on reducing endometriosis risk 
in women, based on prospective data,23 were consistent with 
those obtained from animal studies. In particular, intake of 



6 Journal of Endometriosis and Pelvic Pain Disorders 00(0)

3-PUFA in a rat model of experimentally induced endome-
triosis caused significant regression of endometriotic 
implants, concomitant with decreased peritoneal levels of 
IL-6, TNF-α, and VEGF.43 Moreover, transgenic Fat-1 mice 
which express high levels of endogenous 3-PUFA also dis-
played smaller endometriosis-like lesions and lower lesion 
IL-6 and VEGF levels when used as an endometriosis 
model, relative to wild-type mice.44 Furthermore, using the 
same Fat-1 endometriosis model, feeding with eicosapen-
taenoic acid (EPA), an omega-3-fatty acid found in cold-
water fatty fish such as salmon and in fish oil supplements, 
caused the suppression of endometriotic lesion formation in 
the peritoneum, which was attributed to lower IL-6 levels 
mediated by the 12/15-lysyl oxidase-pathway products of 
EPA.45 In women, the relevance of EPA to endometriosis 
risk was evaluated in a cross-sectional study wherein women 
undergoing in vitro fertilization were measured for specific 
serum and total PUFAs and surveyed for their history of 
endometriosis. Result indicated an inverse correlation 
between serum EPA levels and endometriosis risk, that is, 
women with high serum EPA levels had 82% lower risk of 
endometriosis compared to women with low EPA levels.71

Conclusion and future directions
Diet and nutrition have come of age to be at the forefront 
in the fight against endometriosis, based on recent evi-
dence-supported studies describing the ability of foods 
with anti-inflammatory actions to mitigate endometriosis 
progression in animal models and patients alike. 
Nevertheless, there are some caveats to consider with the 
very promising data generated thus far. First, studies con-
ducted in animal models predominantly utilized purified 
dietary factors, and the doses and routes of administration 
(intraperitoneal, oral gavage) do not recapitulate standard 
consumption by the general population. Second, in studies 
using immune-deficient mouse models, the lack of normal 
systemic anti-defense mechanisms may be confounding to 
the actual elicited benefits; hence, there is a need to re-
examine these reported effects in validated immune-com-
petent experimental animal models of endometriosis.22,62 
Third, the period and duration of dietary exposure/con-
sumption may need to be carefully considered in the design 
of clinical interventions and in studies using animal mod-
els, given that systemic environments significantly differ 
in reproductively aged women (e.g. young vs middle-age 
adults; obese vs normal weight) and in those with varying 
severity of the disease. Fourth, rodent models and humans 
can significantly vary with respect to bioavailability of 
dietary factors and tissue uptake. Finally, while the value 
of epidemiological studies cannot be underestimated in 
developing health policies and system research to achieve 
health goals, the limitations of recall-based studies must be 
taken into account when designing personalized therapeu-
tic interventions for afflicted patients.

More effective interventions are required to address 
endometriosis. Understanding the convergence of diet and 
endometriosis may generate integrated strategies in clini-
cal practices to improve the quality of life for sympto-
matic women. Dietary modification as a complementary 
approach and a short-term recourse to reduce the effects 
of inflammation associated with endometriosis is feasible, 
practical and can be monitored under physician supervi-
sion. Nevertheless, due in part to the complex nature of 
the condition and the lack of reliable markers to detect 
disease initiation, scientific-based data are currently defi-
cient to support the ability of anti-inflammatory foods and 
food components to prevent endometriosis. Thus, a long-
term goal for endometriosis research is to achieve a clear 
appreciation of key mechanisms that underlie disease 
pathology that can be targeted by dietary factors to man-
age not only disease progression and recurrence but for 
disease prevention.
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ABSTRACT

Objective To evaluate whether the presence or severity of
endometriosis affects the outcome of assisted reproductive
techniques (ART).

Methods In this systematic review, all studies comparing
the outcome of ART in women with and those without
endometriosis, or at different stages of the disease, were
considered eligible. We used either risk ratio (RR) or mean
difference (MD) and their 95% CIs for comparisons.
The primary outcome was live birth; the secondary
outcome was clinical pregnancy. Miscarriage and the
number of oocytes retrieved were examined as additional
outcomes.

Results We included 92 studies in the review and 78 in
the meta-analysis: 20 167 women with endometriosis were
compared with 121 931 women without endometriosis,
and 1703 women with Stage-III/IV endometriosis
were compared with 2227 women with Stage-I/II
endometriosis. The following results were observed
for the comparison of women with endometriosis vs
women without endometriosis: live birth, RR = 0.99
(95% CI, 0.92–1.06); clinical pregnancy, RR = 0.95
(95% CI, 0.89–1.02); miscarriage, RR = 1.31 (95% CI,
1.07–1.59); number of oocytes retrieved, MD = –1.56
(95% CI, –2.05 to –1.08). The following results were
observed for the comparison of women with Stage-III/IV
vs Stage-I/II endometriosis: live birth, RR = 0.94
(95% CI, 0.80–1.11); clinical pregnancy, RR = 0.90
(95% CI, 0.82–1.00); miscarriage, RR = 0.99 (95% CI,
0.73–1.36); number of oocytes retrieved, MD = –1.03
(95% CI, –1.67 to –0.39).

Conclusions Women with endometriosis undergoing
ART have practically the same chance of achieving
clinical pregnancy and live birth as do women with other
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causes of infertility. No relevant difference was observed
in the chance of achieving clinical pregnancy and live
birth following ART when comparing Stage-III/IV with
Stage-I/II endometriosis. The quality of the evidence for
the additional examined outcomes was very low, not
allowing meaningful conclusions to be drawn. Copyright
© 2014 ISUOG. Published by John Wiley & Sons Ltd.

INTRODUCTION

Endometriosis is a condition defined by the presence of
endometrial tissue outside the uterus, most commonly on
the ovary and peritoneum. It is observed in approximately
6–10% of women of fertile age, and in up to 35–50%
of women with subfertility, pelvic pain or both1. The
classification system that most researchers use today,
to better report and compare operative findings and
treatment protocols regarding endometriosis, was first
designed by the American Fertility Society in 19792. The
system is based on a weighted point system and classifies
the disease as minimal (Stage I), mild (Stage II), moderate
(Stage III) or severe (Stage IV). The classification was
revised in 19853 and is still used today4.

The mechanisms by which endometriosis affects fertility
are still poorly understood. Pelvic organ adhesions and
distortion of pelvic anatomy, found in severe stages of the
disease, might lead to a possible mechanical or anatomical
disturbance of fertility5. However, patients with minimum
to mild disease and normal pelvic anatomy might also
have lower fertility rates, and studies suggest that the
condition may affect oocyte development, embryogenesis
and implantation6. Medical and surgical treatments are
often used to relieve patients’ symptoms, but their impact
on fertility is controversial7. The ideal fertility treatment
for women who suffer from endometriosis is not yet well

Copyright © 2014 ISUOG. Published by John Wiley & Sons Ltd. SYSTEMATIC REVIEW
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established, but assisted reproductive techniques (ART)
are responsible for the highest success rates7.

Several questions regarding the use of ART for treat-
ing endometriosis-related infertility remain unanswered.
Whether the presence and/or the severity of endometrio-
sis affects the main outcomes of ART (live birth, clinical
pregnancy and miscarriage) is one of those questions. The
aim of this review was to evaluate whether endometriosis
affects the reproductive outcomes of women undergo-
ing ART.

METHODS

The protocol was registered at PROSPERO (http://www.
crd.york.ac.uk/prospero/): CRD42012002357. This
review was approved by our department’s research
committee.

Eligibility criteria and search strategy

Inclusion criteria were any type of study that reported
original data regarding the main ART outcomes (live
birth, clinical pregnancy, miscarriage, or number of
oocytes retrieved) in women with endometriosis, com-
pared to women submitted to ART without previous
diagnosis of endometriosis. Studies comparing ART out-
comes for women with different stages of endometriosis
were also considered eligible. We did not restrict eligibility
based on the method used for the diagnosis and staging
of endometriosis in studies; most of them reported using
ultrasound, laparoscopy or both.

Studies from which we were not able to extract ‘per
woman’ data (but only ‘per cycle’) were included in the
qualitative review, but not in the quantitative analysis
(meta-analysis) in order to reduce unit of analysis error.
There was no limitation on language, publication date or
publication status.

The following databases were searched electronically:
Cochrane Central Register of Controlled Trials (CEN-
TRAL), Database of Abstracts of Reviews of Effects
(DARE), Medical Literature Analysis and Retrieval Sys-
tem Online (MEDLINE), EMBASE, PsycINFO, Cumu-
lative Index to Nursing and Allied Health Literature
(CINAHL), and Literatura Latino-Americana e do Caribe
em Ciências da Saúde (LILACS). In addition, authors
hand-searched the reference list of the included articles
and similar reviews in order to find additional data of
interest for the study.

The following search terms were used, adjusting for
each database as necessary: ((embryo transfer*) OR ((in
vitro) AND ((fertilisation) OR (fertilization)) OR (ivf) OR
(icsi) OR (intracytoplasmic sperm injection*) OR (assisted
reproduct*)) AND ((endometriosis) OR (endometrioma)
OR (endometrioses) OR (endometriomas)). We did
not impose any limit for language, date or study
design.

Two authors (M.A.P.B. and D.M.T.) screened the
retrieved records independently by reading the titles
and abstracts, excluding those that clearly did not meet

the eligibility criteria; the other records were completely
assessed for eligibility by the same authors. Disagreements
between these two authors were resolved by consulting a
third author (W.P.M.).

Data collection

Two authors (M.A.P.B. and D.M.T.) extracted the data
from included studies using a data extraction form
designed and pilot-tested by the authors. Disagreements
between these authors were resolved by consulting a third
author (W.P.M.). If there were any data queries, the
corresponding author of the study was contacted. The
names of article authors and titles of the included studies
were juxtaposed to identify duplicate publication; in case
of duplicates the two articles were considered as a single
study.

The following data were extracted from included stud-
ies: study characteristics (design, aims and time period,
population, inclusion and exclusion criteria); interven-
tion and setting; ovulation induction protocol; severity
of endometriosis; whether participants were submitted to
any type of endometriosis treatment previous to ART.
Our primary outcome was live birth; the secondary
outcome was clinical pregnancy. Miscarriage and the
number of oocytes retrieved were examined as additional
outcomes.

The quality of the evidence of the studies was analyzed
by Newcastle-Ottawa scale8. When using this scale, we
allocated stars, maximum of nine, for the quality of
selection, comparability, exposure and outcomes.

Summary measures

The numbers of events in the control and intervention
groups of each study were used to calculate Mantel–
Haenszel risk ratio (RR). The numbers of oocytes retrieved
were analyzed by the mean difference (MD) between
groups. The precision of the estimates were evaluated
by the 95% confidence interval. Relative differences
greater than 20% for live birth, clinical pregnancy and
miscarriage9, and greater than 1.0 oocytes retrieved10,
were considered as clinically relevant.

Synthesis of results

Statistical heterogeneity was assessed by the I2 statis-
tic, which indicates the percentage of the variation
between studies that is due to heterogeneity rather than
sampling error11. Values between 0% and 40% indi-
cate that heterogeneity between studies might not be
important; about 30% to 60% may represent moder-
ate heterogeneity; about 50% to 90% may represent
substantial heterogeneity; and about 75% to 100% indi-
cates considerable heterogeneity12. We preferred to use
random-effects models instead of fixed-effects models
because the distinct eligibility criteria used to define groups
did not permit the assumption that the differences were
the same across studies, which is a necessary condition

Copyright © 2014 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2014; 44: 261–278.
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to apply a fixed-effects model12. Additionally, the esti-
mated confidence interval is more conservative in the
presence of heterogeneity; and similar to that estimated
by a fixed-effects model when heterogeneity is minimal
or absent.

The potential impact of publication and reporting bias
were minimized by performing a comprehensive search
for eligible studies and by looking for duplication of
data. Funnel plot analyses were performed to explore the
possibility of publication bias.

Additional analysis

We believed ovarian surgery for endometrioma to be
the most important confounding factor, as it is thought
to reduce the ovarian reserve13 without improving the
results of ART14. Therefore we opted to group the
studies according to whether or not the participants
were submitted to ovarian surgery for endometrioma
and considering the source of the oocytes (from the same
woman or from donors). The studies were separated
into the following subgroups for both comparisons
(endometriosis vs control, and Stage III/IV vs Stage I/II
endometriosis): Subgroup 1 = ‘No surgery’: women in the
first group (endometriosis or Stage-III/IV endometriosis)
were not submitted to surgery for endometrioma;
Subgroup 2 = ‘Uncertain’: we were not able to be certain
whether women in the first group were submitted to
surgery for endometrioma; Subgroup 3 = ‘A proportion’:
a proportion of women in the first group were submitted
to surgery for endometrioma; Subgroup 4 = ‘Surgery’:
all women in the first group were submitted to surgery
for endometrioma; Subgroup 5 = ‘Donated oocytes’:
women in both groups received oocytes from donors.
Studies that included women with only aspiration of
endometrioma with or without irrigation with saline
solution were included in the ‘No surgery’ subgroup,
as this procedure is unlikely to cause large damage to the
ovarian tissue.

We also performed a subgroup analysis to examine
whether differences in clinical pregnancy between women
with and without endometriosis might have changed
through the decades.

A summary of findings table was generated using
GRADEprofiler software (version 3.6, GRADE Working
Group). The quality of the evidence for the main review
outcomes was evaluated using the following GRADE
criteria:

High quality: Further research is very unlikely to
change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have
an important impact on our confidence in the
estimate of effect and may change the estimate.

Low quality: Further research is very likely to
have an important impact on our confidence in
the estimate of effect and is likely to change the
estimate.

Very low quality: We are very uncertain about the
estimate.

We considered the limitations of the included studies,
consistency of effect, imprecision, indirectness and
publication bias. Judgments about evidence quality (high,
moderate, low or very low) were justified, documented
and incorporated into reporting of results for each
outcome15.

RESULTS

Study selection and characteristics

The electronic search was last updated on December
11, 2013 and the study flow diagram is shown in
Figure 1. The searches retrieved 4605 records. From those,
4429 were excluded after reading titles and abstracts.
A total of 176 records were completely assessed for
eligibility, of which 84 studies were excluded with
reasons: 70 studies did not compare endometriosis
vs control or Stage III/IV vs Stage I/II endometriosis
undergoing ART16–85; eight studies did not report any
of the evaluated outcomes86–93; five studies included
participants reported in newer or larger studies94–98;
and one study included only women who achieved
pregnancy99. We included 92 studies in this review,
of which 78 studies were included in the quantitative
meta-analysis: 21 for both comparisons100–120; 49 only
for the comparison ‘endometriosis vs control’121–169;
and eight only for the comparison ‘Stage III/IV vs
Stage I/II endometriosis’170–177. Fourteen studies were
included only in the qualitative review: two studies for
both comparisons178,179; and 12 studies only for the
comparison ‘endometriosis vs control’180–191.

Considering all the 78 studies included in the quanti-
tative analysis, 20 167 women with endometriosis were
compared with 121 931 women without endometriosis;
and 1703 women with Stage-III/IV endometriosis
were compared with 2227 women with Stage-I/II
endometriosis.

The largest study included in this review166 examined
live births from women with endometriosis (n = 14 134),
male factor (n = 55 409), ovulatory dysfunction (n
= 19 388), unexplained infertility (n = 34 087), and
diminished ovarian reserve (n = 22 642). In this study,
the live birth ratio was lower in women with diminished
ovarian reserve (18.9%) and was very similar among
the other infertility causes (endometriosis = 43.0%,
male factor = 42.7%, ovulatory dysfunction = 44.1%,
unexplained infertility = 42.0%). In our review, the
women with diminished ovarian reserve were not
included in the control group in order to avoid bias, as
this factor is known to worsen the reproductive outcomes
of women undergoing ART192.

The main characteristics of the included studies are
reported in Table S1. The number of stars allocated to
each study using the Newcastle–Ottawa scale is also
described in Table S1.

Copyright © 2014 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2014; 44: 261–278.
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Identification
Electronic search
  4605 citations retrieved
      MEDLINE n = 999
      EMBASE n = 3422
      CENTRAL n = 71
      DARE n = 6
      LILACS n = 39
      CINAHL n = 68
      PsycINFO n = 0
No additional records identified through other sources

Screening
4605 records screened on basis of title and abstract 

Eligibility
176 records assessed completely for eligibility 

Included
92 studies included:
    78 studies: included in quantitative analyses
        49 studies: only End. vs Control
        8 studies: only End. I/II vs III/IV
        21 studies: both comparisons
    14 studies: included only in qualitative review
        12 studies: only End. vs Control
        2 studies: both comparisons 

Exclusions
4429 records excluded:
    3723: clearly did not meet eligibility criteria
    706: duplicates  

Exclusions
84 records excluded:
    70: did not compare End. vs Control or End. I/II vs III/IV
    8: did not report ART outcomes
    5: same patients were included in newer or larger studies
    1: reported only outcomes of End. patients who achieved
       pregnancy after ART

Figure 1 Flowchart of inclusion of studies in the systematic review. ART, assisted reproductive techniques; End., endometriosis.

Results of individual studies

Comparison of endometriosis vs control

Figures 2, 3, S1 and S2 report the results of the 70
individual studies included in the quantitative review that
compared endometriosis vs control100–169.

Fourteen studies comparing endometriosis vs control
were not included in the quantitative review because we
were only able to extract ‘per cycle’ data. From these
studies:

• 6/14 reported live births: 4/6 did not find sta-
tistically different results when comparing both
groups179,180,185,187; 1/6 found live birth rate to be
lower in the endometriosis group182; 1/6 found live
birth rate to be higher in the endometriosis group188.

• 14/14 reported pregnancy rate: 12/14 did not find
statistically different results when comparing both
groups178–181,183–187,189–191; 1/14 found the preg-
nancy rate to be lower in the endometriosis group182;
1/14 found the pregnancy rate to be higher in the
endometriosis group188.

• 10/14 reported number of oocytes retrieved: 5/10 did
not find statistically different results when comparing
both groups181,183,185,189,191; 5/10 found fewer oocytes
retrieved in the endometriosis group178–180,187,190.

• 3/14 reported miscarriages: 3/3 did not find statistically
different results when comparing the groups179,185,187.

Comparison of Stage-III/IV vs Stage-I/II endometriosis

Figures 4, 5, S3 and S4 report the results of the 29
individual studies included in the quantitative
review that had compared Stage-III/IV vs Stage-I/II
endometriosis100–120,170–177.

Two studies comparing ‘Stage-III/IV vs Stage-I/II
endometriosis’178,179 were not included in the quantitative
review because we were only able to extract ‘per cycle’
data. One study did not observe significant differences
between groups when considering clinical pregnancy and
the number of oocytes retrieved178. The other study
did not observe significant differences in live birth,
clinical pregnancy and miscarriage, but the number of
oocytes retrieved was lower in women with Stage-III/IV
endometriosis179.

Synthesis of results

The primary findings of the meta-analyses are presented
in Table 1.
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Figure 2 Forest plot of risk ratio for live birth results, comparing women with and those without endometriosis. In addition to the overall
summary, subgroup analyses are presented according to whether or not the participants were submitted to ovarian surgery for
endometrioma and considering the source of the oocytes. M-H, Mantel–Haenszel.
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Comparison of endometriosis vs control

The confidence interval for RR of live birth was
compatible with non-relevant difference: RR 0.99, 95%
CI 0.92 to 1.06, 20 studies, 128 992 women, I2 = 13%
(Figure 2). Considering the subgroup analysis, a significant
difference was only observed in the ‘Surgery’ subgroup.

The confidence interval for RR of clinical pregnancy
was compatible with non-relevant difference: RR 0.95,
95% CI 0.89 to 1.02, 66 studies, 21 553 women, I2 =
49% (Figure 3). The moderate heterogeneity observed
can be explained by the different eligibility criteria
used across studies. Substantial heterogeneity (I2 =
83%) was observed only in the ‘Surgery’ subgroup.
No significant difference was observed in the subgroup
analysis.

The confidence interval for RR of miscarriage was
compatible with a small to moderate increase in the risk of
miscarriage among pregnant women with endometriosis:
RR 1.31, 95% CI 1.07 to 1.59, 18 studies, 2324 pregnant
women, I2 = 0% (Figure S1). No significant difference
was observed in the subgroup analysis.

The confidence interval for MD of oocytes retrieved
was compatible with a small reduction of the number
of oocytes retrieved from women with endometriosis:
MD –1.56, 95% CI –2.05 to –1.08, P < 0.01, 47
studies, 16 718 women, I2 = 85% (Figure S2). The
considerable heterogeneity can be explained by the
different eligibility criteria used across studies. The highest
heterogeneities were observed in the ‘Surgery’ (I2 = 87%)
and ‘Uncertain’ (I2 = 85%) subgroups. Considering the
subgroup analyses, the number of oocytes retrieved was
significantly reduced in women with endometriosis in all
subgroups.

Comparison of Stage-III/IV vs Stage-I/II endometriosis

The confidence interval for RR of live birth was
compatible with non-relevant difference: RR 0.94, 95%
CI 0.80 to 1.11, 11 studies, 1764 women, I2 = 0
(Figure 4). No significant difference was observed in the
subgroup analysis.

The confidence interval for RR of clinical pregnancy
was compatible with a non-relevant difference between
the different stages: RR 0.90, 95% CI 0.82 to 1.00, 28
studies, 3891 women, I2 = 14% (Figure 5). No significant
difference was observed in the subgroup analysis.

No significant difference was observed for RR of
miscarriage. However, the confidence interval was wide,
including values ranging from a relevant reduction to
a relevant increase in the risk of miscarriage among
pregnant women with Stage-III/IV endometriosis: RR
0.99, 95% CI 0.73 to 1.36, 10 studies, 677 pregnant
women, I2 = 0% (Figure S3).

The confidence interval for MD of oocytes retrieved
was compatible with a small reduction of the number
of oocytes retrieved from women with Stage-III/IV
endometriosis: MD –1.03, 95% CI –1.67 to –0.39,
17 studies, 2749 women, I2 = 63% (Figure S4).

The substantial heterogeneity can be explained by the
different eligibility criteria used across studies. The highest
heterogeneity (I2 = 68%) was observed in the ‘A
proportion’ subgroup. Considering the subgroup analysis,
the number of oocytes retrieved was significantly reduced
in the subgroups ‘A proportion’ and ‘Surgery’, but not in
the ‘No surgery’ and ‘Uncertain’ subgroups.

Risk of bias across studies

We observed an asymmetric funnel plot only for
studies evaluating the number of oocytes retrieved in
the comparison ‘endometriosis vs control’. The smaller
studies were more likely to show a reduction in the number
of oocytes retrieved in women with endometriosis than
were the larger ones. This difference suggests a risk of
publication bias for this outcome, or different methods
(particularly eligibility criteria) between larger and smaller
studies.

Additional analysis

All subgroup analyses are reported in the forest plots
(Figures 2–5 and S1–S4). The most important findings
were reported along with the synthesis of results.
Considering the studies comparing clinical pregnancy
between women with and without endometriosis, the
subgroup analysis separating the studies by the decade of
publication did not shown any heterogeneity (I2 = 0%).

DISCUSSION

Considering the pooled results of the studies included
in the meta-analysis, the reproductive outcomes of
women with endometriosis undergoing ART should not
be considered relevantly worse than those observed
in women without endometriosis (Table 1). There is
evidence of moderate quality suggesting that the chances
of achieving live birth and clinical pregnancy are not
relevantly different between women with endometriosis
and without endometriosis. These findings are in
agreement with the studies that were included only in
the qualitative review. The pooled analyses suggest worse
results for miscarriage and number of oocytes retrieved in
women with endometriosis; however, this evidence should
be considered with caution because, despite the large
number of included studies, it was judged to be of very
low quality.

Considering the pooled results of the studies included in
the meta-analysis, we also observed that the reproductive
outcomes of women with Stage-III/IV endometriosis
undergoing ART might not be considered relevantly
worse than those obtained by women with Stage-I/II
endometriosis (Table 1). There is moderate quality
evidence suggesting that the chances of achieving live
birth and clinical pregnancy are not relevantly different
between women with Stage-III/IV and those with Stage-I/II
endometriosis. These findings are in agreement with the
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Figure 3 Continued over.
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Figure 3 Forest plot of risk ratio for clinical pregnancy results, comparing women with and those without endometriosis. In addition to the
overall summary, subgroup analyses are presented according to whether or not the participants were submitted to ovarian surgery for
endometrioma and considering the source of the oocytes. M-H, Mantel–Haenszel.

studies that were included only in the qualitative review.
Again, despite the large number of included studies,
the evidence for the number of oocytes retrieved and
miscarriage was judged to be of very low quality and
should be considered with caution; our results suggest
no difference in the risk of miscarriage, but that fewer
oocytes are retrieved from women with Stage-III/IV
endometriosis.

We did not identify any potential bias in the review
process. However, due to the nature of the question, this
review was based on data from observational studies,
which are at higher risk of bias. Additionally, there

are several further questions that could be examined
by subgroup analyses: e.g. Stage-I/II endometriosis vs
control; Stage-III/IV endometriosis vs control; only results
from prospective studies; only tubal factor as control
group; only women with endometriosis diagnosed by
laparoscopy; only women submitted to surgery for
peritoneal endometriosis. Our review was not designed
to examine all of these questions, but these subgroups
might be considered in future reviews.

All evidence came from observational studies, which are
at higher risk of bias than randomized controlled trials;
therefore the quality of the evidence was downgraded two
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Figure 4 Forest plot of risk ratio for live birth results, comparing women with Stage-III/IV and those with Stage-I/II endometriosis. In
addition to the overall summary, subgroup analyses are presented according to whether or not the participants were submitted to ovarian
surgery for endometrioma and considering the source of the oocytes. end., endometriosis; M-H, Mantel–Haenszel.

Table 1 Summary of main findings of quantitative analysis to assess whether presence or severity of endometriosis affects outcome of
assisted reproductive techniques

Risk comparison RR or MD* (95% CI)
No. of women
(no. of studies)

Quality of
evidence†

Controls Endometriosis (95% CI)
Live birth 42.2% 41.8% (38.9% to 44.8%) 0.99 (0.92 to 1.06) 128 992 (20) Moderate‡
Clinical pregnancy 43.8% 41.6% (38.9% to 44.6%) 0.95 (0.89 to 1.02) 21 553 (66) Moderate‡
Miscarriage 14.9% 19.6% (16.0% to 23.8%) 1.31 (1.07 to 1.59) 2324 (18) Very low§
Oocytes retrieved 10.5 8.9 (8.4 to 9.4) −1.56 (–2.05 to –1.08) 16 718 (47) Very low¶

Stage I/II Stage III/IV (95% CI)
Live birth 28.2% 26.5% (22.6% to 31.3%) 0.94 (0.80 to 1.11) 1764 (11) Moderate‡
Clinical pregnancy 38.0% 34.2% (31.2% to 38.0%) 0.90 (0.82 to 1.00) 3891 (28) Moderate‡
Miscarriage 22.1% 21.9% (16.1% to 30.1%) 0.99 (0.73 to 1.36) 677 (10) Very low§
Oocytes retrieved 9.0 8.0 (7.3 to 8.6) −1.03 (–1.67 to –0.39) 2749 (17) Very low¶

*Relative risk (RR) and its 95% CI obtained for live birth, clinical pregnancy and miscarriage by Mantel–Haenszel method; mean difference
(MD) and its 95% CI obtained for number of oocytes retrieved by the inverse variance method. †GRADE Working Group grades of
evidence; quality of evidence was downgraded for all outcomes because it was based on observational studies. ‡Quality of evidence was
upgraded because the results suggest no relevant effect while the most important confounding factor (ovarian surgery for endometrioma)
would cause a deleterious effect. §Quality of evidence was downgraded because of imprecision. ¶Quality of evidence was downgraded
because of imprecision and inconsistency across studies. no., number.

levels. The other reasons for downgrading or upgrading
the quality of the evidence for the examined outcomes
are reported in Table 1. Additionally, one should still
consider the differences in the eligibility criteria for
endometriosis and control groups across groups as
a source of heterogeneity; such differences can easily

explain any difference between studies. In our opinion,
the endometriosis group should include all the women
with diagnosis of endometriosis by any method (by
ultrasound, magnetic resonance imaging or laparoscopy)
while the control group should include all other women
(without the diagnosis of endometriosis) except those
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Figure 5 Forest plot of risk ratio for clinical pregnancy results, comparing women with Stage-III/IV and those with Stage-I/II endometriosis.
In addition to the overall summary, subgroup analyses are presented according to whether or not the participants were submitted to ovarian
surgery for endometrioma and considering the source of the oocytes. end., endometriosis; M-H, Mantel–Haenszel.
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with known reduced ovarian reserve, which is known
to reduce the chance of achieving pregnancy192; applying
any other selection criterion would be arbitrary and might
cause bias.

There have been two other similar reviews addressing
this issue. The first was published more than a decade
ago193 and included only English-language articles found
through a MEDLINE search and published between
January 1980 and May 1999; 22 studies were included, all
of which were included in the present review. The authors
of this review concluded that the chance of achieving
pregnancy after ART was reduced in women with
endometriosis compared to women without endometriosis
(odds ratio (OR) = 0.81; 95% CI, 0.72–0.91), and
that women with Stage-III/IV endometriosis might have
a reduced chance of achieving pregnancy after ART
compared to women with Stage-I/II endometriosis (OR
= 0.64; 95% CI, 0.35–1.17). The second review194

was published in July 2013 and the search was run
in MEDLINE, EMBASE, Cochrane Library and Web
of Science. It included articles published from 1985
until December 2012 and excluded articles that did
not report the stage of the disease or that did not
have controls without endometriosis. In this review,
women without endometriosis were compared with those
with Stage-I/II endometriosis and those with Stage-III/IV
endometriosis; fertilization and implantation rates, but
not the number of oocytes retrieved, were also evaluated.
From our examined outcomes, they observed that clinical
pregnancy (RR = 0.79; 95% CI, 0.69–0.91) might be
slightly reduced in women with severe endometriosis
compared with women without endometriosis. However,
no significant difference was observed for live birth in
either comparison. Neither of these two reviews assessed
the miscarriage rates. The different findings from our
study when compared to the previous reviews could be
explained by methodological differences and also by the
larger number of articles included in the present study (92
vs 22/27). We believe that our results are representative of
the existing whole body of evidence for subfertile women
with endometriosis, improving the generalizability of the
findings.

We observed a higher risk of miscarriage in women
with endometriosis, although it does not seem to be
different in women at different stages of the disease. This
finding should be interpreted with caution because the
evidence was deemed to be of very low quality. However,
the higher risk of miscarriage in women with endometrio-
sis might be explained by the increased oxidative stress195

observed in women with endometriosis196,197. We also
observed that fewer oocytes are retrieved from women
with endometriosis when compared to women without
endometriosis, and also from women with Stage-III/IV
endometriosis compared with Stage-I/II. Again, this result
should be interpreted with caution, since the evidence
was considered to be of very low quality. However,
considering that women with Stage-III/IV endometriosis
are frequently submitted to surgery for endometrioma,
which is known to reduce the ovarian reserve13, it seems

reasonable to expect the observed small reduction in
the number of oocytes retrieved. However, one should
consider that the presence of endometrioma itself might
not affect the number of oocytes retrieved198.

Despite the above-described differences, endometrio-
sis (or its stage) is unlikely to substantially impact the
chance of clinical pregnancy and live birth rates, which
are the most important outcomes for women undergo-
ing ART. It is important to mention that even though
it is possible that the number of oocytes retrieved is
slightly reduced in women with endometriosis, particu-
larly at advanced stages, this should not be interpreted
as being equal to reduced chance of pregnancy; mild
ovarian stimulation, which produces a lower number of
oocytes, is currently being shown to provide a similar
chance of achieving clinical pregnancy199,200. One inter-
esting point that might be examined by future studies
is whether women with endometriosis have a different
response to interventions aiming to improve the repro-
ductive outcomes of women undergoing ART, such as
endometrial scratching201,202, assisted hatching9, mela-
tonin supplementation203, corticosteroids, intravenous
immunoglobulins204 and ultra-high magnification for
sperm selection205.

Women with endometriosis undergoing ART have
practically the same chance of achieving clinical pregnancy
and live birth as women with other causes of infertility. No
relevant difference was observed in the chance of achieving
clinical pregnancy and live birth following ART when
comparing Stage-III/IV with Stage-I/II endometriosis. The
quality of the evidence for the additional examined
outcomes was very low, not allowing any meaningful
conclusions. However, our results suggest that fewer
oocytes are retrieved from women with endometriosis,
and that these women probably have a larger chance
of miscarriage when compared with women with other
causes of infertility; this very low quality evidence also
suggests that fewer oocytes are retrieved from women
with Stage-III/IV endometriosis when compared with
women with Stage-I/II endometriosis, while the chance
of miscarriage seems to be the same.

This information is of high value for the daily routine of
a fertility clinic. We believe that women who are planning
to undergo ART should not postpone the reproductive
treatment on behalf of a more precise diagnosis or
intervention for endometriosis, bearing in mind that age
is one of the most important factors for treatment success,
and also that ovarian reserve reduces over time and with
ovarian surgery. Due to the very large number of studies
and participants examined by this review, we believe that
future studies are unlikely to change the estimates for live
birth and clinical pregnancy, which are the most important
outcomes for women undergoing ART. However, new
studies, particularly those evaluating large cohorts, are
important to improve the quality of the evidence for the
other outcomes.
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SUPPORTING INFORMATION ON THE INTERNET

The following supporting information may be found in the online version of this article:

Table S1 Characteristics of the included studies

Figure S1 Forest plot of risk ratio for miscarriage results, comparing women with and those without
endometriosis. In addition to the overall summary, subgroup analyses are presented according to whether or
not the participants were submitted to ovarian surgery for endometrioma and considering the source of the
oocytes. M-H, Mantel–Haenszel.

Figure S2 Forest plot of mean difference for number of oocytes retrieved, comparing women with and those
without endometriosis. In addition to the overall summary, subgroup analyses are presented according to
whether or not the participants were submitted to ovarian surgery for endometrioma and considering the
source of the oocytes. M-H, Mantel–Haenszel.

Figure S3 Forest plot of risk ratio for miscarriage results, comparing women with Stage-III/IV and those with
Stage-I/II endometriosis. In addition to the overall summary, subgroup analyses are presented according to
whether or not the participants were submitted to ovarian surgery for endometrioma and considering the
source of the oocytes. M-H, Mantel–Haenszel.

Figure S4 Forest plot of mean difference for number of oocytes retrieved, comparing women with Stage-III/IV
and those with Stage-I/II endometriosis. In addition to the overall summary, subgroup analyses are presented
according to whether or not the participants were submitted to ovarian surgery for endometrioma and
considering the source of the oocytes. M-H, Mantel–Haenszel.
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