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Abstract

Endometriosis remains a challenge to understand and to diagnose. This is an observational cross-sectional
pilot study to characterize the gut and vaginal microbiome profiles amongst endometriosis patients and
control subjects without the disease, and to explore their potential use as a less-invasive diagnostic tool
for endometriosis. Overall 59 women were included, n=35 with endometriosis and n=24 controls. Rectal
and vaginal samples-were collected in two different periods of the menstrual cycle from all subjects. Gut
and vaginal microbiomes from patients with different rASRM (revised-American Society for
Reproductive Medicine) endometriosis stages and controls were analyzed. Illumina sequencing libraries
were constructed using a two-step 16S rRNA gene PCR amplicon approach. Correlations of 16S rRNA
gene amplicon data with clinical metadata were conducted using a random forest-based machine-learning
classification analysis. Distribution of vaginal CSTs (Community State Types) significantly differed
between follicular and menstrual phases of the menstrual cycle (p=0.021, Fisher’s exact test). Vaginal and
rectal microbiome profiles and their association to severity of endometriosis (according to rASRM stages)

were evaluated. Classification models built with machine-learning methods on the microbiota

© 2019 Society for Reproductive Investigation



composition during follicular and menstrual phases of the cycle were built and it was possible to
accurately predict rASRM stages 1-2 verses rASRM stages 3-4 endometriosis. The feature contributing
the most to this prediction was an OTU (Operational Taxonomic Unit) from the genus Anaerococcus. Gut
and vaginal microbiomes of women with endometriosis have been investigated. Our findings suggest for

the first time that vaginal microbiome may predict stage of disease when endometriosis is present.

Introduction

Endometriosis is a chronic gynecological condition defined as the presence of endometrial glands and/or
stroma in ectopic sites that leads to a severe inflammatory state [1]. Pathogenesis of endometriosis is not
yet fully understood and different genetic, hormonal, environmental and immunological factors have been
implicated [2]. Studies have shown a significant association of aberrant immune response and
maintenance of disease activity in women with endometriosis [3]. Although distinct immunological
abnormalities have been reported in patients with disease, the specific mechanism in the pathogenesis of
endometriosis is not yet fully understood [4,5].

The non-surgical diagnosis of endometriosis remains an immense challenge. Although ovarian
endometrioma and deep endometriosis are easily identified by means of transvaginal ultrasound (TVUS)
and MRI (magnetic resonance imaging), superficial disease is currently not detected by any of these tools
[6,7]. Surgery is the only way to diagnose all cases and it is considered the gold standard with definitive
confirmation obtained with histology [7]. A noninvasive test for diagnosing all types of endometriosis
does not yet exist, despite several studies evaluating biomarkers from blood, peritoneal fluid and
endometrial samples [8-10].

The concept that the human microbiome influences homeostasis and alters states of disease and health has
been explored. Microbiota contribute to the equilibration of the immune system and help to maintain host
homeostasis [11]. Recently, advances in technology and the use of next generation sequencing (NGS)

facilitated the study of the human microbiome and its impact or response to different disease conditions
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[12]. The role of the gut microbiome in inflammatory and autoimmune diseases are well established but
not yet fully understood [13]. Intestinal microbiota dysbioses are correlated not only with bowel
inflammatory disorders such as Crohn’s disease, but also non-intestinal related autoimmune diseases,
such as multiple sclerosis, type-1 diabetes, Grave's diseases, systemic lupus erythematosus, autism
spectrum disorders, and psoriasis [14,15].

Evaluation of the gut microbiome has been utilized as a potential and putative noninvasive diagnostic tool
in colorectal cancer; furthermore, there is an optimistic perspective that in the near future the gut
microbiome might be a diagnostic tool for other chronic inflammatory gastrointestinal disorders such
ulcerative colitis, Crohn’s disease, Irritable Bowel Syndrome (IBS) and Inflammatory Bowel Disease
(IBD) [16,17].

More recently, evaluation of the vaginal microbiota has been suggested to be useful for identification of
common diseases in the upper genital tract [18]. Mycoplasma genitalium, has been noted to play a role in
the immune tolerance process and in modulating local-immune response in women with endometriosis.
Cells from the peritoneal fluid from women with endometriosis manifested a down-regulation of genes
associated with the inflammatory response. This down-regulation profile was higher when Mycoplasma

genitalium was present in the uterine cervix [19].

Given the inflammatory condition of patients with endometriosis and its similarities with autoimmune
disorders [20,21], the main goals of this pilot study are to characterize the microbiome from the gut and
vagina of women with diagnosed endometriosis compared to women who do not have the disease as well
as to explore the potential of using the gut and/or vaginal microbiome profiles as a diagnostic tool for

endometriosis.

Methods

Study approval, subjects and sample collection
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The Internal Review Boards of the University of Sao Paulo (CAPPesq #814.743) and the Massachusetts
Institute of Technology (COUHES protocol # 1107004572) approved this protocol. Written informed

consent was obtained from all participants. This is an observational cross-sectional study and it was

based on the STROBE (Strengthening the Reporting of Observational studies in Epidemiology) statement
from the EQUATOR (Enhancing the Quality and Transparency of Health Research) guideline. All
consecutive patients between the ages of 21 — 49 years old who underwent laparoscopy between 2012-
2014 due to suspected or confirmed endometriosis by imaging (TVUS or MRI) or previous surgery were
included in the study. Patients were excluded if they were on hormones (GnRH analogues, progestogens,
combined oral contraceptives) and antibiotics in the past 3 months prior to sample collections, if they had
active systemic infection, a history of autoimmune diseases, active vaginosis, or history of sexually
transmitted diseases; also, if they had acquired or primary immunodeficient diseases (including HIV),
pregnancy, and malignant neoplasia. Control subjects (group B) included women who do not have
endometriosis and any inflammatory conditions who underwent laparoscopic surgery for other
gynecologic indications.

Rectal and vaginal samples were collected from all patients (study and control) 2 months prior to surgery
and during two different phases of the menstrual cycle — menstrual period (days 1-3 of the cycle) and
follicular phase (days 8-12 of the cycle). The menstrual and follicular phases were selected as they
represented known higher and lower inflammation states during the menstrual cycle [22]. All samples
were obtained using Sterile Catch-All sample collection swabs (Fisher Scientific, Pittsburgh, PA, USA).
Rectal samples were collected by swabbing the rectal tissue at a depth of 3cm. Vaginal samples were
collected in the mid-vagina at the site of the vaginal introitus. No speculums or lubricants were used prior
to collection. Immediately after collection all swabs were immersed in the lysis buffer of Mobio
PowerBead tubes (MoBio Laboratories Inc., Carlsbad, CA, USA) and held against the sides of the tube
three times for 20 seconds each to ensure transfer of biological material. All tubes were then transferred
on wet ice to a clinical lab in less than two hours and then stored at -80°C until extraction. Vaginal exams

were performed after all vaginal collections to ensure patients did not have any active vaginal infections.
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DNA extraction, 16S rRNA amplicon library, sequencing data processing and OTU analysis, vaginal community
state type assignment

All samples were extracted using the MoBio Powersoil extraction kit (MoBio Laboratories Inc., Carlsbad,
CA, USA). Paired-end Illumina sequencing libraries were constructed using a two-step 16S rRNA gene
PCR amplicon approach described previously elsewhere [23]. The v4 variability region of the 16S rRNA
gene was amplified using the 515F (GTGCCAGCMGCCGCGGTAA) and 806R
(GGACTACHVGGGTWTCTAAT) primers. All paired-end libraries were multiplexed into one lane and
sequenced on the Illumina MiSeq platform at the Biomicro Center (MIT, Cambridge, MA). Libraries
were sequenced with 2x250 bases. From the sequencing data, forward and reverse reads were merged and
filtered by estimated error per read using USEARCH (version 8). Further processing and clustering of
97% sequence based Operational Taxonomic Units (OTUs) was performed using an in-house pipeline (S1
Text). OTUs represent clusters of organisms, grouped by DNA sequence similarity of a specific
taxonomic marker gene (16S rRNA) [23]. OTUs were taxonomically classified using the Ribosomal
Database Project with a confidence cut off of 0.5 [24].

Microbiomes were categorized according to Community State Types (CSTs). Studies that profile vaginal
and gut microbiomes have showed that there is a large variation among individuals as well as within
individuals over a period of time. In order to gain greater understanding of their clinical utility, efforts
were made to categorize the microbiome profiles.into smaller clusters of microbiomes, known asCSTs.
Previous studies have already used CSTs to summarize the microbial communities observed in the human
vagina and the human gut [25].

As previously published, vaginal CSTs are in this way divided: CST | is dominated by Lactobacillus
crispatus; CST Il by Lactobacillus gasseri; CST Il by Lactobacillus inners; CST 1V is the only one not
dominated by Lactobacillus spp, with higher diversity of predominantly anaerobic bacteria; and CST V is
dominated by Lactobacillus jensenii [26].

To determine if the five CSTs (Community State Types) and eight sub-CSTs observed in other vaginal
microbiome studies were present in this study, CST assignment was determined using a model trained on
data derived from previous vaginal microbiome studies (S3 Text). CST assignment was not determined
using hierarchical clustering of samples within our study alone. Species level classification is required for
discriminating between many of the Lactobacillus dominated CST groups. In order to perform the CST
assignment, an environment specific species level classification table was generated using speciatelT and
MCclassifier. After the species table was generated, a support vector machine-learning model, previously
trained on data derived from multiple vaginal microbiome studies, was utilized to predict the CST of each
sample (S3 Text).
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Statistical analysis

16S rRNA amplicon data was used to generate a random forest-based machine-learning classification to
identify correlations between OTU relative abundances and clinical metadata (disease state, self-reported
pain) [27]. All OTU abundance data were analyzed with log transformation and all metadata categories
were analyzed without transformation.

All statistical tests were performed using custom scripts and publically available statistical packages (S4
Text). A power calculation was not performed to estimate the sample size given that thisis a pilot study

and no previous studies have yet been published.

Results

A total of 64 women with endometriosis (n=40) and without endometriosis (n=24) were included in this
study. Five patients from the study group (group A) were excluded due to missing data. Patient
demographics and disease characteristics are summarized in Table 1. There was no statistical difference
in the age and BMI between the study and control groups. However, race did show statistically significant

differences between the two groups (p=0.008, Chi-square test). It is important to note that our subject

cohort included white, mixed race, and black subjects, 61%, 22%, and 16.9% of the cohort,

respectively. It is possible that the CST distributions observed in this study are due to more than

half of the subjects being white. Endometriosis is more common in Caucasian and Asian

populations and CST distribution has been suggested to vary by race [26,33]. As this is the first

time that we-know of, that the distribution of CSTs has been investigated in a South American

population, we highlight these findings with caution, as the sample size was limited.

Also, as expected, there were statistically significant differences amongst groups regarding clinical
symptoms such as dyspareunia (p=0.011, Mann-Whitney test), dysmenorrhea (p<0.001, Mann-Whitney
test) and infertility (p=0.001, Fisher’s exact test). Control subjects (n=24) included 18 women submitted

to tubal ligation (75%), two cystectomies for ovarian benign teratoma — dermoid cyst (8%), one
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diagnostic laparoscopy for pelvic pain (4%), one hysterectomy for uterine bleeding (4%), one
myomectomy (4%) and one cystectomy for ovarian serous cystadenoma (4%).

Amongst the 35 study patients, 13 patients were found to have deep bowel endometriosis (37.1%), 14
with deep retrocervical endometriosis (40%), four with deep bladder endometriosis (11%), two with
ovarian endometriomas alone (5.7%), one with peritoneal superficial endometriosis (2.8%) and one with
abdominal wall endometriotic nodule (2.8%). When staged using the rASRM endometriosis classification
system (rASRM, 1996), nine patients were found to have rASRM stage 1 (25.7%), 12 stage 2 (34.2%),
four stage 3 (11.4%) and ten stage 4 (28.5%). For comparative analysis of patients and controls with this
relatively small patient cohort, patients with rASRM (revised American Society for Reproductive
Medicine, 1996) stages 1 and 2 were grouped together as rASRM stage 1-2, as were patients with stages 3
and 4 for rASRM stage 3-4, following common conventions [28].

Given the correlation between the gut microbiome and other chronic inflammatory

disorders observed in other studies [16,17] we investigated if the rectal microbiome profile

was predictive of patients having deep bowel endometriosis. A random-forest based

classification model was built using the rectal microbiome during the menstrual phase of 10

patients with deep bowel endometriosis and 12 patients with other presentations of the

disease. The accuracy of the classification models was determined using area under the

curve (AUC) analysis of receiver operating characteristic curves. This model while

predictive of site of disease (p-value = 0.03) was determined to not be sufficiently accurate

to purse in the context of this study (AUC = 0.29).

Rectal and vaginal samples collected during the menstrual and follicular phases of the menstrual cycle
from the study and control patients underwent 16S rRNA analysis. In this cohort of women, there were no
differences in the gut and vaginal microbiomes between study and control groups for both periods of the
menstrual cycle — follicular and menstrual phases (Fig 1). In order to better understand the correlation

between the microbiome and status of disease — endometriosis patients and control subjects — a
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hierarchical linkage clustering was performed based on the CSTs (Community State Types) composition
and OTU (Operational Taxonomic Units) abundance of samples for each sample type in the two periods
of the cycle they were sampled.

The distribution of vaginal CSTs differed significantly between follicular and menstrual phases of the
menstrual cycle within the same individuals. There was an increase in the number of patients with CST
IV microbiomes during menstrual phase for both endometriosis (by 30%) and control subjects (by 25%),
while CSTs Il and V were lost during the menstrual phase (p=0.021, Fisher’s exact test) (Fig 2). A two-
sided Fisher exact test for count data was used in R (version 3.3.1) to test the significance of CST
distributions between groups of patients.

Although not statistically significant, the ratio of CST | microbiome, which is dominated by Lactobacillus
crispatus, was found to be in lower ratio in the control subjects compared to endometriosis patients,
especially in the menstrual period (19% vs 30%, p=0.57, Fisher’s exact test) as illustrated in Figure 2.
The vaginal microbiome profile was predictive of severity of endometriosis (according to rASRM stages)
A random-forest based classification model was built using the vaginal microbiome during the menstrual
phase of 12 patients with rASRM stages 1-2 and 8 patients with rASRM stages 3-4 of endometriosis
demonstrated that the vaginal microbiome was surprisingly predictive of advanced disease (p value =
0.019) (Fig 3), despite the fact that there were no significant differences when comparing patients with
either stage of disease to control patients. The accuracy of the classification models was determined
using area under the curve (AUC) analysis. The highest contributing feature of the classification was an
OTU of genus Anaerococcus (phylum Firmicutes) (Fig 3). Contributions of specific OTUs to the
classification analysis were ranked using mean decrease accuracy (S2 Text). Associations between log-
transformed OTU abundance and disease state were calculated using a two-tailed T-test for independent
samples.

The relative abundance of the top predictive OTU significantly differed between stage 1-2 and stage 3-4
disease subjects using a univariate analysis (Fig 4). There was no significant difference in abundance for

this OTU between the stage 1-2 or stage 3-4 disease and control subject groups. The significance of OTU
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abundance between discrete categories was calculated using the Mann-Whitney U-test and a Benjamini-
Hochberg false discovery rate correction. Only OTUs with a relative abundance of at least 10°-6 were
considered.

The species most closely related to this highly predictive Anaerococcus OTU were Anaerococcus
lactolyticus and Anaerococcus degenerii species when compared to cultured representatives of this genera
in the SILVA database (Fig 5) [29]. 16S rRNA gene sequence similarity was utilized to investigate the
phylogenetic relationship between the top predictive OTU identified in the classification models and other

closely related representatives of the same genus (S5 Text).

Discussion

The gut microbiota has been indicated in the pathogenesis of endometriosis (30). Similarly, vaginal
microbiota has been attributed to be useful in identifying genital tract disorders (18). However, there is a
lack of studies investigating the connection between the vaginal and the gut microbiomes with
endometriosis in humans. Recently, in an animal study, some data was published providing new insights
on the association of endometriosis and gut microbiota using high-throughput sequencing technology.
Authors revealed changes in the gut microbiota during endometriosis development in a murine model
(31). Their findings showed an elevation in the ratio Firmicutes/Bacteroidetes in mice

with endometriosis, indicating that endometriosis may induce dysbiosis in the host (31). Women with
endometriosis have not been assessed until now.

The preliminary results from this pilot study revealed that the relative abundance of a specific OTU
classified as Anaerococcus was predictive of endometriosis rASRM stage of disease when assessed
during menstruation. Interestingly, it is the same period of the menstrual cycle that other biomarkers have
been shown, with reliability and higher sensitivity, to identify endometriosis patients [8]. Patients with
endometriosis rASRM stage 1-2 were differentiated from patients with endometriosis rASRM stage 3-4

using the relative abundance of an Anaerococcus OTU. This information may prove useful for future
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research regarding the role of the vaginal microbiome and Anaerococcus species specifically, in the
pathogenesis and diagnosis of advanced stages of endometriosis.

The vaginal microbiome sampled from different locations within the same individual have been shown to
vary [18]. Chen et al. (2017) explored the vaginal microbiome in three different locations — lower third of
vagina, posterior fornix and cervical mucus — in a healthy reproductive-age Chinese population. The
microbiome profile from the samples collected in the lower third of the vagina, which is very similar to
the collection protocol used in the present study, comprised only of CSTs I, 1l and 1V [18]. The same two
CSTs Il and V that were lost in our cohort during the menstrual period, were both absent in Chen et. al’s
cohort. Curiously, none of those patients were in the menstrual phase of the cycle in the occasion of
sample collection [18]. This may suggest differences in the vaginal microbiome profile between the two
populations, considering that a cohort of reproductive-age women without endometriosis was also
included in the present pilot study as controls. Conversely, the microbiome profile of the disease and
control cohorts in the present study revealed the presence of all five CSTs in the samples collected during
follicular phase, revealing the loss of CSTs Il and V in the samples collected during menstruation.

The distribution of CSTs obtained from Brazilian patients in this study, were similar to those of other
studies conducted with women of European descent. It was found that the CSTs distributions of bacteria
for both endometriosis and control subjects during the follicular phase were the same of those observed in
non-pregnant reproductive age women of European descent [32-35]. Moreover, the definition of each
CST in the present study is in agreement with that described by Ravel et. al. (2010) and Gajer et. al.
(2012) [26,33], as well as with the one described by Chen et al. (2017), which included only Chinese
women [18].

Interestingly, in addition to differences in the distribution of CSTs, a flux directed mainly into CST IV
during the menstrual period was observed (Fig 2). CST 1V is defined by a vaginal community that is not
dominated by Lactobacillus but is instead a heterogeneous community of anaerobic bacteria [26,35]. Two
Lactobacillus dominated CSTs, Il and V, dominated by high abundances of Lactobacillus gasseri and L.

jensenii, respectively, were lost during the menstrual phase in both groups of women (Fig 2). The loss of
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CST Il and V during menstrual phase observed in this study could be related to a lack of power due to a
small sample size used to identify these CSTs in both periods. However, an alternative hypothesis could
be the fall in estrogen levels that occurs during menstruation [35]. It has been previously demonstrated
that during follicular phase, which is associated with higher estrogen levels and increased vaginal
secretions, there is an accumulation of glycogen that potentially culminates in the growth of Lactobacillus
species [36,37]. Interestingly, CST I (Lactobacillus crispatus-dominated) appears to be in lower ratio
among control subjects compared to endometriosis patients, especially in the menstrual period. Although
this result is not statistically significant, probably due to the small sample size included in this pilot study,
it is possible that it is reflective of the population if one takes in to consideration known biological
properties from Lactobacillus crispatus. This lower ratio of CST | might be related to the inflammatory
profile and response observed in endometriosis. It has been demonstrated that a specific strain of
Lactobacillus crispatus grants an anti-inflammatory phenotype to dendritic cells (DCs) by up-regulating
anti-inflammatory/regulatory IL-10 cytokine production as well as inducing CD4(+) CD25(+) FOXP3(+)
T cells at great dosage [38]. It is already known that endometriosis itself may up-regulate IL-10 yield [20]
and induce CD4(+) CD25(+) FOXP3(+) T cells [39]. It is plausible that Lactobacillus crispatus is
somehow involved within the local immune response of patients with endometriosis. This potential
immunological role of Lactobacillus crispatus could explain why CST I (Lactobacillus crispatus-
dominated) might be in higher concentration among patients with endometriosis compared to patients
without the disease., future studies should consider investigating the possible role of Lactobacillus
crispatus in patients with endometriosis. The use of bigger cohorts would make it possible to identify
statistical differences in the concentration of CST | between women with and without endometriosis.
Additionally, immunological aspects should be measured to understand the role of the vaginal
microbiome within immune response regulation in endometriosis.

Given that there was no difference in the vaginal and gut microbiome profiles between endometriosis and
control patients assessed during the follicular and menstrual phases within this cohort of patients, two

hypotheses were raised. First, this lack of difference might reflect the high inter-subject and intra-subject
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variability of the gut and vaginal microbiomes as previously reported [26,35,40]. Second, this is a pilot

study with a small sample size and current results might be related to a lack of power. This might also

be the case for the results we had comparing the gut microbiome of patients with bowel

endometriosis with patients presenting with other sites of endometriosis lesions. However,

we hope that including this information will encourage future studies with larger cohorts to

investigate this hypothesis.

Ideally, a prospective, collaborative work, including women from different populations will fulfill the
gaps left by this pilot study.
Our findings suggest for the first time that the vaginal microbiome may predict stage of disease when

endometriosis is present.

Conclusion

An OTU within the genus Anaerococcus differed significantly in abundance between women with
endometriosis rASRM stage 1-2 and stage 3-4 during menstrual phase, predicting these different stages of
disease. Moreover, L. crispatus might be involved in immune response regulation within endometriosis
patients. This is the first study investigating both gut and vaginal microbiome in patients with
endometriosis and control women without the disease. Current findings bring new insights on the
pathogenesis of endometriosis and the further potential use of the human vaginal microbiome as a

diagnostic tool. As this is a pilot study, it has limitations, specially the small sample size, and

therefore these current finding should be considered with caution until more data from larger cohorts are

published.
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Figure 1. Rectal and vaginal microbial communities do not cluster by disease state. We illustrate the
hierarchical linkage clustering of samples based upon the community composition and OTU abundance
for patient rectal and vaginal samples collected during the follicular and menses time points. Patient
disease status is indicated as endometriosis or control group, blue and black respectively. OTU
abundances are displayed as log relative abundance.

Figure 2. The distribution of vaginal community state types differs between follicular and menses
phases of the menstrual cycle. Distribution of vaginal community state types observed in endometriosis
and control subjects during follicular and menses phases. The number of subjects included is 27, 18, 21,
and 16; top left, right, bottom left, and right, respectively.

Figure 3. Microbiota composition predicts stage of disease. Here we illustrate (A) accuracy, as
determined by AUC analysis of ROC curves, of the model built to predict stage 1-2 verse stage 3-4
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endometriosis from the composition of the vaginal microbial community during the menses time point.
(B) The top contributing OTU features for this model, ranked by Mean Decreased Accuracy. Taxonomic
level for each OTU displayed is genus except in the case of a single OTU where f indicates the family
level. Correlations of OTU abundance with stage of disease, calculated using a two-sided T-Test, are
indicated as positive (blue, T statistic > 0 and p-value < 0.05), negative (red, T statistic < 0 and p-value <
0.05), and no correlation (grey, p-value > 0.05).

Figure 4. The relative abundance of the top predictive feature differs between stage 1-2 and stage 3-
4 endometriosis patients. We illustrate the abundance in vaginal samples during the menses time point
of the most predictive feature from our machine learning model, an OTU classified as belonging to the
genera Anaerococcus. Log relative abundances for this OTU are shown for control, stage 1-2 stage
endometriosis, and stage 3-4 endometriosis subjects. Corrected p-values shown were calculated using the
Mann-Whitney U-Test with an Benjamini-Hochberg false discovery rate correction as described in the
materials and methods.

Figure 5. The phylogenetic relationship between the predictive Anaerococcus OTU and other
cultured representatives of this genus. We illustrate the phylogenetic relationship between the
Anaerococcus OTU identified in this study as predictive of stage of disease (highlighted with a grey box)
and Anaerococcus representatives in the SILVA database. There are three major clades: (blue) a clade
including the predictive OTU, A. lactoylticus, A. tetradius, and A. prevotii strains; (red) a clade of A.
tetradius, and A. prevotii strains; (purple) and a clade of A. hydrogenalis, A. senegalensis, and A.
vaginalis strains.
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Table 1. Clinical features of included subjects

Group
Variable Endometriosis Control Total p
(n=35) (n=24) (n=59)
Age (years)
mean (SD) 34.9 (6.8) 35.25 (6.9) 35.0 (6.8) 0.866*
median (min.; max.) 36 (21; 49) 35 (21; 47) 35 (21; 49)
Race, n (%)
white 26 (74.3%) 10 (41.7%) 36 (61.0%) 0.008**
black 6 (17.1%) 4 (16.6%) 10 (17.0%)
mulato 3 (8.6%) 10 (41.7%) 13 (22.0%)
BMmI
mean (SD) 24.8 (4.5) 24.3 (2.7) 24.6 (3.8) 0.7280
median (min.; max.) 23.3(19.1;35.6)  23.7(20.6;30.9)  23.7(19.1;35.6)
ASRM stage, n (%)
lorll 21 (60%) 21 (60%)
1 or IV 14 (40%) 14 (40%)
Dysmenorrhea
mean (SD) 6.9 (3.2) 1.8 (3:3) 4.9 (4.1) <0.0010
median (min.; max.) 8 (0; 10) 0(0;9) 6 (0; 10)
Dyspareunia
mean (SD) 4.4 (3.4) 1.8 (2.9) 3.3(3.4) 0.0110
median (min.; max.) 6 (0; 10) 0(0; 10) 3 (0; 10)
Infertility, n (%)
yes 12 (34.3%) 0 (0%) 12 (20.3%) 0.001%**
no 23(65.7%) 24 (100%) 47 (79.7%)

*T-Student test; **Chi-square test; ***Exact Fisher test; . Mann-Whitney test

Figure 1.
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