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Numerous biochemical differences have been documented in women with endometriosis compared to
controls; however, identification of a clinically useful marker of endometriosis remains elusive. We pos-
tulate that the diversity of clinical presentations, patient objectives, and complexity of the pathophysiol-
ogy of endometriosis mandates rigorous attention to study design and standardization of procedures and
questionnaires that has heretofore been overlooked in the pursuit of clinical markers of this enigmatic
disease. We further propose that it is premature to conclude that clinical markers of endometriosis
brought forward in the literature lack clinical value in the diagnosis of endometriosis. To address this
hypothesis we reviewed the literature and assessed papers according to a modified version of the Quality
Assessment of Diagnostic Accuracy Studies (QUADAS) criteria from which 55 high quality papers were
reviewed. While pelvic inflammation and pain is a known significant component of endometriosis, con-
trol group definitions were widely divergent and included healthy women through to women with other
inflammatory conditions. Although pain is a common presenting complaint in women with endometri-
osis, it was assessed in only 4 of 55 studies (7.3%) whereas infertility was documented in 34/55 studies
(61.8%). Disease severity was assessed in 44 of 55 studies (80%) whilst the association between active vs.
inactive disease was attempted in only 2 of the studies reviewed (3.6%). We conclude that experimental
design criteria are inconsistently applied making comparisons across studies difficult. Thus, the clinical

utility of previously described diagnostic markers of endometriosis remains uncertain.

© 2014 Elsevier Ltd. All rights reserved.

Introduction

Endometriosis is a gynecological disease of unknown etiology
characterized by growth of endometrial stroma and glands in ex-
tra-uterine sites [1]. It is a chronic estrogen dependent inflamma-
tory condition with a prevalence that varies according to
population studied and ranges from up to 7% of women in the gen-
eral population, 30% of women with chronic pelvic pain, and 50% of
infertile women [2-5]. Women with endometriosis report signifi-
cant pain during menstruation and intercourse, leading to health
distress and interference with normal activities during work and
leisure time [6]. In addition to pain and infertility, endometriosis
has a deleterious effect upon women'’s social functioning, emo-
tional well-being, relationships with medical practitioners, vitality,
and employment [7]. The total economic costs associated with car-
ing for women with endometriosis are estimated to be approxi-
mately 1.8 billion dollars in Canada [8], an amount similar to or
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greater than the costs associated with other chronic conditions
such as migraine, Crohn’s disease, diabetes, asthma and rheuma-
toid arthritis [9].

A significant obstacle in understanding the pathophysiology
and treatment of endometriosis is the lack of a diagnostic test spe-
cific for this disease. While numerous biochemical differences have
been documented in women with endometriosis versus disease
free controls [10-13], none have been found to be specific for
endometriosis. Chief among the difficulties facing physicians
attempting to diagnose endometriosis are: early age at onset of
symptoms, normalization of pain by primary care providers, and
hormonal suppression of symptoms through intermittent use of
contraceptives [14,15]. As a result women with endometriosis
experience delays of up to 12 years in diagnosis [9,16] and thus ac-
cess to appropriate treatment is also often delayed [1] leading to
significant avoidable morbidity. We also suggest that endometri-
osis is a complex disease affecting women from a wide range of
ages and divergent reproductive needs. In women who do not wish
to become pregnant, medical management of symptoms through
estrogen suppression is generally the first line therapy. However,
management is more complex for women trying to become preg-
nant. Hence, these factors require careful consideration during
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the study design stage and standardized inclusion and exclusion
criteria should be used. Moreover, duration of illness, burden of
disease, lesion activity, location of lesions, concomitant hormone
treatment, severity of disease, menstrual cycle stage, and age are
all potentially important modifiers of clinical marker measure-
ments. We postulate that failure to adequately account for the
above factors could seriously compromise efforts to identify clini-
cally useful markers of endometriosis. Therefore, identification and
careful characterization of novel clinical markers of endometriosis
remains a high priority.

Endometriosis is presumptively diagnosed through assessment
of patient history, signs and symptoms, and imaging studies. How-
ever, the gold standard for diagnosis remains visualization of
endometriotic lesions, typically by laparoscopy followed by histo-
pathological confirmation of disease. The disease is staged during
laparoscopy according to the revised American Fertility Society
(rAFS) classification system [17]. This classification system is based
on the location and extent of lesions and classifies the disease into
four stages including minimal, mild, moderate, and severe. How-
ever, a limitation of this classification system is that stages relate
poorly to pain and infertility. Alternatively, endometriosis can be
classified on the basis of lesion appearance as red, black or bluish,
and white lesions [18]. Red and black or bluish lesions are thought
to represent active disease whereas white lesions are considered
inactive. While many prior studies have examined the relationship
between disease severity and concentrations of clinical markers,
we postulate that the relationship between active vs. quiescent le-
sions could help explain variation in clinical marker measures and
the reported lack of suitable sensitivity, specificity, and predictive
value [10-13].

A plethora of potential clinical markers for the diagnosis of
endometriosis have been brought forward in the literature. Of
the myriad of biomarkers identified to date, several have received
more research attention than others and include: cancer associated
protein 125 (CA125), vascular endothelial growth factor (VEGF),
and several interleukins such as IL-6 and IL-8 [19-31]. In recent
years, nerve fiber density in the endometrium [32,33], concentra-
tions of neurotrophins in the endometrium [34] or circulation
[35], and measurement of microRNA (miRNA) in endometrial biop-
sies and endometriotic lesions [36,37] has been proposed as poten-
tially useful diagnostic markers of endometriosis. Unfortunately,
no clinical marker of endometriosis has been found to have ade-
quate sensitivity, specificity, or predictive value to be used as diag-
nostic marker of endometriosis [10-13]. Hence, the search for
novel clinical markers of endometriosis remains a high priority.
Therefore, we undertook a review of the literature to elucidate cur-
rent approaches in study design and to identify best practices to
guide future studies aimed at characterizing novel diagnostic mak-
ers of endometriosis.

Methods

We conducted a review of the literature between May and July
2013, focused on reports of clinical markers of endometriosis using
PubMed, MEDLINE, EMBASE, and CINAHL. Abstracts were reviewed
and studies in humans designed to assess the utility of clinical
markers of endometriosis were identified. The abstracts were re-
viewed by two independent reviewers (KT and WGF). Studies were
subsequently assessed according to a modified version of the Qual-
ity Assessment of Diagnostic Accuracy Studies (QUADAS) criteria
Table 1. All studies were given pass/fail grades in eleven categories.
For the purpose of this review, category seven (“Was the diagnosis
of endometriosis made without the knowledge of the biomarker
test results?”) was excluded in our analysis as it was marked as un-
clear for all the studies. For the purposes of the present review, we

only included studies that scored six out of 10 or higher on the
QUADAS criteria consistent with prior biomarker reviews [10,11].
The selected studies (n=55) were reviewed to elucidate the crite-
ria used to define cases vs. controls and methods used to assess pa-
tient pain and quality of life in cases and control subjects. The
reference lists were also searched to identify studies missed using
our search strategy. Furthermore, in view of the estrogen depen-
dent nature of endometriosis and role of gonadal steroids in regu-
lating the expression of proteins central to the pathophysiology of
this disease, we determined the hormone free interval before en-
trance into a study. We also evaluated whether clinical markers
were characterized according to menstrual cycle stage, or associ-
ated with disease severity, and/or type of lesion (red, blue-black
or white lesions).

Results

The importance of surgical confirmation of endometriosis is
well recognized and laparoscopy was used in 48 of the 55 studies
examined (87.3%) to distinguish between cases and controls Ta-
ble 2. However, there is a lack of consensus in the literature con-
cerning the definition of appropriate controls. Definition of
control groups varied widely between studies and included women
undergoing tubal ligation [19], women with unexplained infertility
[38], women with ovarian or para-tubal cysts [27], healthy women
with previously documented fertility [39], women with benign tu-
mors [40], and women with benign ovarian cysts and healthy wo-
men with regular menstrual cycles [41]. In one study cases served
as their own control [42] and in another study males undergoing
thoracic surgery were used as the comparison group [23].

Of the 55 studies reviewed, 32 (58.2%) reported a positive asso-
ciation between the clinical marker of interest and endometriosis
but statistical significance was achieved in only 17 (30.9%) of these
studies [22,24,41,43-56] although low sensitivity and specificity
has frequently been reported. In addition to a dichotomous re-
sponse of being able to diagnose the presence or absence of endo-
metriosis, correlation of the clinical marker with disease severity is
desirable. In the papers that we reviewed, the relationship be-
tween the clinical marker and severity of disease was described
in 44 of 55 papers (80%) using either the AFS or rAFS system for
staging disease. We also postulated that the relationship between
the clinical maker of endometriosis and type (red, blue-black or
white) or location of the lesion may enable stratification of study
results that could improve clinical marker sensitivity, specificity
and predictive values. However, the type of lesion was reported
in only 2 of the 55 studies (3.6%) reviewed [24,57].

Chief among the presenting complaints for women with endo-
metriosis are infertility and pain. In our review of the highest qual-
ity papers seeking to identify a clinical marker of endometriosis,
fertility status was not reported in 34 of 55 papers (61.8%) but
was cited as the indication for surgery in 17 papers (30.9%). By
comparison, pain was evaluated in only 4 of the 55 studies (7.3%)
reviewed.

Endometriosis is frequently managed using hormone therapies
such as oral contraceptives, androgenic agents, and gonadotropin
releasing hormone (GnRH) antagonist, all of which could affect
expression and circulating concentrations of the clinical markers
of interest. While a washout period is recognized as an important
requirement before being enrolled into an endometriosis study,
the requirements for a hormone free interval and length of interval
is ambiguous. In 20 of the 55 papers reviewed (36.4%), the use of
hormonally active therapies or the drug free interval were not
specified. In the studies that provided information on the hormone
free interval, there was marked inconsistency in the length of time
with 3, 6, and 12 month intervals reported Table 2.
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