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Abstract

Objective: To identify metabolites in pre-surgical blood associated with risk of persistent post-
surgical pelvic pain one-year after endometriosis surgery in adolescents and young adult patients.

Design: Prospective observational study within The Women’s Health Study: From Adolescence
to Adulthood, a U.S. based longitudinal cohort of adolescents and women enrolled from 2012—
2018.

Setting: Two tertiary hospitals.
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Patients: Laparoscopically confirmed endometriosis patients (n=180) with blood collected prior
to their endometriosis surgery. Of these, 77 patients additionally provided blood samples 5 weeks
to 6 months after their surgery. We measured plasma metabolites using liquid chromatography
tandem mass spectrometry and a total of 390 known metabolites were included in our analysis.

Intervention(s): None

Main Outcome Measure(s): Persistent post-surgical pelvic pain defined as having severe
life-impacting pelvic pain one-year after endometriosis surgery.

Results: The majority of endometriosis patients were rASRM stage /11 (>95%), average age

at diagnosis of 18.7 years, with 36% reporting persistent post-surgical pelvic pain. Of the

21 metabolites in pre-surgical blood that were associated with risk of persistent post-surgical

pelvic pain, 19 metabolites were associated with increased risk which were mainly lipid

metabolites. Only two metabolites were associated with decreased risk, which were pregnenolone

sulfate (OR=0.64, 95%CI=0.44-0.92) and fucose (OR=0.69, 95%CI1=0.47-0.97). Metabolite set

enrichment analysis revealed higher levels of lysophosphatidylethanolamines (FDR=0.01) and

lysophosphatidylcholines (FDR=0.01) in pre-surgical blood being associated with increased risk

of persistent post-surgical pelvic pain.

Conclusion: Our results suggest dysregulation of multiple groups of lipid metabolites may play

arole in persistence of pelvic pain post-surgery among young endometriosis patients.
Capsule:

Using a validated metabolomics platform, we identified metabolites in pre-surgical blood
associated with risk of persistent post-surgical pelvic pain among young endometriosis patients.
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INTRODUCTION

Endometriosis is a gynecologic disease defined by the presence of endometrial-like tissue
outside the uterus often presenting with severe pelvic pain and infertility, affecting one in
ten reproductive-aged women (1). Endometriosis is typically treated by hormone therapy or
removal of lesions by surgery (1). However, treatment response varies among individuals
and about one-third of endometriosis patients suffer from persistent pelvic pain unresponsive
to conventional treatment (1-3). Unfortunately, existing endometriosis stage definitions
based on the revised American Society for Reproductive Medicine (rASRM) classification
do not correlate with symptom severity nor treatment response, limiting its ability to inform
clinical decisions (4). Currently there are no clinically applicable biomarkers for predicting
surgical treatment responses in endometriosis patients.

Metabolites are the downstream products of cellular activities regulated by the genome and
modified by environmental factors (5). Investigation of metabolomics have shown promise
in discovery of novel biomarkers for multiple chronic diseases such as cardiovascular

disease, diabetes, and cancer (6-9). Lipid metabolism has been reported to be dysregulated
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in endometriosis patients and several human studies report suggestive associations with
phosphatidylcholines and sphingolipids (10-15). However, no study has examined the
association between pre-surgical blood metabolites with post-surgical outcome among
adolescents and young women with endometriosis. Endometriosis diagnosed in adolescents
and young adults typically presents with severe pelvic pain and superficial peritoneal
lesions, which is distinctly different from endometriosis diagnosed in adults characterized
by pelvic pain, infertility, and deep fibrotic lesions (16-19). Thus, discovery of prognostic
biomarkers predictive of persistent pelvic pain after endometriosis surgery with will be
especially informative to this young population in optimizing clinical care.

Therefore, the objective of this study was to identify individual and groups of metabolites in
blood samples collected prior to endometriosis surgery that are associated with persistent
post-surgical pelvic pain among adolescents and young adults with laparoscopically
confirmed endometriosis, using validated metabolomics assay platforms.

MATERIALS AND METHODS

Study population

The Women’s Health Study: From Adolescence to Adulthood (A2A), is an ongoing, U.S.
based longitudinal study of adolescents and women enrolling 1,549 participants from

2012 to 2018, which has been previously described (17, 20, 21). Briefly, endometriosis
patients were identified at two tertiary care medical centers. All participants would have
been receiving standard care for any existing medical conditions, which could include
hormonal therapy for endometriosis-associated pelvic pain. Participants completed an
extensive baseline questionnaire assessing lifestyle and reproductive factors, detailed pain
characteristics, and medication use at enrollment and are actively followed annually via
questionnaires compliant with the World Endometriosis Research Foundation Endometriosis
Phenome and Biobanking Harmonization Project (WERF EPHect) (22). Surgically
visualized disease was documented using the WERF EPHect Surgical Form, including
appearance at laparoscopy of superficial peritoneal lesions, endometrioma, and deep
infiltrating disease and endometriosis rASRM score (4). All endometriosis patients included
in this study had visualization and removal of endometriotic lesions at surgery (23).

Among participants who consented to a blood draw, blood samples were collected at
baseline and 5 weeks to 6 months after their surgery following a standard protocol (24).
Collected blood samples were separated into plasma, serum and buffy coat aliquots; and
stored at <-80°C per WERF EPHect fluids standard operating protocols (with the exception
that bloods were centrifuged at 1790 x g for 10 minutes) (25). At the time of blood
collection, participants completed a biospecimen questionnaire on which they reported
recent hormone use and fasting status.

This study was approved by the Boston Children’s Hospital (BCH) Institutional Review
Board on behalf of both BCH and Brigham and Women’s Hospital. All participants provided
written consent for participation in the study, with parental consent plus participant assent
for participants age <18 years at enrollment.
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Pelvic pain assessment

Pelvic pain was assessed at baseline and annually during follow-up using the WERF EPHect
endometriosis patient questionnaire, which uses validated measures to capture sufficient
information on pain phenotypes, as described previously (22, 26). Life-impacting pelvic
pain was chosen as our primary outcome because it reflects a composite across multiple
dimensions of pelvic pain, including severity, frequency, and pain perception. This variable
was statistically significantly correlated with other validated metrics of pain, such as
dysmenorrhea severity and frequency. To assess life-impacting pelvic pain, participants
were asked “To what extent has your general pelvic/lower abdominal pain interfered with
your normal social activities with work and school in the last 3 months?” and were given
options to answer in five ordinal categories (i.e. Not at all, slightly, moderately, quite a

bit, extremely). Persistent post-surgical pelvic pain was defined as having moderate to
severe life-impacting pelvic pain one-year after surgery, combining those who reported
“moderately”, “quite a bit”, or “extremely” to this question.

Covariate information

We collected information on the following covariates: age (years), body mass index (BMI)
calculated from self-reported height and weight at enrollment (kg/m?), race/ethnicity (white
non-Hispanic, other race/ethnicity), smoking status (never, former, current), analgesic use
(never, ever use but not regularly, regular use defined as use of more than once a week),

on hormones at blood draw (no, yes), fasting at blood draw (no, yes), history of irritable
bowel syndrome diagnosis (no, yes), time from symptom onset to surgical diagnosis (years),
rASRM stage calculated from the score documented during laparoscopic surgery (I/11, 11/
IV), and enrollment site (BCH, BWH). For women aged = 20, BMI was categorized as the
following per World Health Organization criteria: underweight (BMI < 18.5 kg/m?2), normal
weight (18.5-24.9 kg/m?), overweight (BMI 25-29.9 kg/m?2), or obese (BMI >30 kg/m?)
(27, 28). For participants aged < 20, current BMI was categorized as the following using
age and female-specific BMI Z-scores per expert committee recommendations: underweight
(Z-score < -2), normal weight (-2 < Z-score <1), overweight (Z-score 1-2), or obese
(Z-score > 2) (29).

Metabolomics measurement

All plasma metabolites were measured at the Broad Institute of MIT (Cambridge, MA)
using four complimentary liquid chromatography tandem mass spectrometry (LC-MS)
methods as described previously (30-32). We previously reported high reproducibility and
stability of these assays, with 92% of metabolites having coefficient of variation (CV) <20%
and 90% of metabolites having intraclass correlation coefficients (ICCs) = 0.4 over 1 to

2 years within individuals indicating that a single measurement well represents long-term
metabolite levels (33, 34). In total we measured 644 known metabolites. We confirmed
metabolite identities using authentic reference standards or reference samples. Quality
control (QC) samples, which were blinded to the laboratory, were randomly distributed
among the participants’ samples. Overall, in the blinded QC samples, 70% of the known
metabolites had CV<25% and 95% had <10% missing metabolite values. We excluded
metabolites with CVV>25% or missing among QC samples (n=205), missing among >20% of
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participant samples (n=7) and metabolites measured by multiple platforms (n=42) resulting
in a total of 390 metabolites included in our analysis.

Statistical analysis

Within the A2A cohort, there were 297 laparoscopically confirmed endometriosis patients
who had blood collected at baseline and completed their baseline questionnaire within 90
days of their surgery. Among these, we excluded patients who had no baseline blood (n=3),
had their baseline blood collected after surgery (n=6), did not have superficial peritoneal
lesion observed at surgery (n=6), had not completed the questionnaire at one-year post-
surgery (n=81), or were missing post-surgical pelvic pain information (n=21), resulting in
180 endometriosis patients included in our analysis with majority (73%) having blood drawn
on the day of their endometriosis surgery. There were 81 patients who additionally had
blood drawn 5 weeks to 6 months after their endometriosis surgery (median 16.2 weeks).
Among these, four patients were missing post-surgical pelvic pain information, resulting in
77 endometriosis patients among whom change in metabolite levels was investigated.

We transformed continuous metabolite values into probit scores to achieve normality and for
the results to be comparable across metabolites. For each metabolite missing in <20% of the
samples (n=37), we assigned missing values with half the minimum value for that metabolite
as this was thought to be due to values being below the limit of detection. We used logistic
regression adjusted for age, fasting status at blood draw, and pelvic pain severity at baseline
(i.e. not at all/slightly vs moderately/quite a bit/extremely) to calculate the odds ratios (ORS)
and 95% confidence intervals (CIs) per one standard deviation (SD) increase in metabolite
levels of having severe pelvic pain one year post-surgery. Since the majority of patients
(>90%) were on hormones at time of blood draw, we conducted a sensitivity analysis
restricting to those who were on hormones at blood draw. We used false discovery rate
(FDR) to account for multiple testing. Among endometriosis patients with blood collected at
two timepoints (pre-surgery and 5 weeks to 6 months post-surgery), we cross-classified the
patients based on the median metabolite levels at the two blood collections and categorized
patients at first and second blood collection as low/low (reference), low/high, high/low,

or high/high and used logistic regression adjusted for age and fasting status at blood

draw to calculate the ORs and Cls for each of the categories. We used metabolite set
enrichment analysis (MSEA) (35) to identify groups of biologically similar metabolites that
were enriched among the metabolites associated with severe post-surgical pelvic pain. All
analyses were performed using the statistical computing language R, version 3.6.3.

RESULTS

Of the 180 laparoscopically confirmed endometriosis patients included in our analysis,

65 (36%) reported persistent post-surgical pelvic pain one-year after their endometriosis
surgery (Table 1). Average age at baseline was 18.7 years (SD=4.9) with majority being
normal weight and never smokers. Nearly all endometriosis patients were rASRM stage I/11
at diagnosis (>95%), which is a typical clinical presentation of endometriosis diagnosed in
this young population. Baseline demographic characteristics were similar between patients
with and without persistent post-surgical pelvic pain one-year after surgery. Among the
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four endometriosis patients (2%) with rASRM stage 111/1V, only one (25%) reported having
persistent post-surgical pelvic pain at one-year after endometriosis surgery whereas among
patients with rASRM stage 1/11, 36% (64 out of 176) reported having persistent post-surgical
pelvic pain.

There were 21 metabolites in pre-surgical blood that were associated with risk of persistent
post-surgical pelvic pain (p-value < 0.05; Figure 1, Supplemental Table 1). Among the

19 metabolites associated with increased risk with ORs ranging from 1.42 to 1.74, there
were 15 lipid-related metabolites, including 7 lysophosphatidylethanolamines (LPESs), 2
lysophosphatidylcholines (LPCs), 3 phosphatidylcholine (PCs), and 3 other lipid derivatives.
Only two metabolites were associated with decreased risk, which were fucose (OR=0.69,
95%CI1=0.47-0.97) and pregnenolone sulfate (OR=0.64, 95%CI1=0.44-0.92). Similar results
were observed when we restricted to those who were on hormones at blood draw and after
additionally adjusting for pre-diagnosis BMI (Supplemental Table 2).

We then examined whether change in these 21 blood metabolites before and closely

after surgery were associated with risk of persistent post-surgical pelvic pain. Of the 77
endometriosis patients who had blood metabolites measured at two timepoints, 30 (39%)
reported persistent post-surgical pelvic pain. Baseline characteristics were similar among
those with and without paired pre- and post-surgical blood samples (Supplemental Table
3). While most associations were not significant, metabolites that were elevated at both
time points were generally associated with persistent post-surgical pelvic pain in the same
direction as in the main analysis. (Table 2, Supplemental Table 4). Compared to those

who had persistently low levels before and closely after surgery, endometriosis patients
who had persistently high levels of C16:0 LPE, C18:3 LPE, and C32:0 diglycerides (DAG)
were associated with increased risk of severe pelvic pain one-year after surgery (OR=7.55,
95%C1=2.05-33.86; OR=15.3, 95%CI=3.17-117.71; and OR=5.28, 95%CI|=1.44-23.34
respectively). Patients with persistently high levels of fucose and pregnenolone sulfate
were associated with decreased risk of severe pelvic pain one-year after surgery (OR=0.12,
95%C1=0.02-0.48 and OR=0.15, 95%CI1=0.04-0.49 respectively).

MSEA revealed enrichment of multiple lipid metabolite groups associated with risk of
persistent post-surgical pelvic pain (Figure 2, Supplemental Table 5). LPEs (p-value=0.001)
and LPCs (p-value=0.001) in pre-surgical blood were significantly associated with increased
risk of persistent post-surgical pelvic pain (FDR=0.01). Other lipid metabolite groups, such
as ceramides (p-value=0.008) and cholesteryl esters (p-value=0.04), were also enriched
among metabolites associated with persistent post-surgical pelvic pain (FDR<0.20).

DISCUSSION

Using a validated, reproducible metabolomics platform, we conducted the first
comprehensive analysis examining the prognostic value of pre-surgical blood metabolomics
among young endometriosis patients who commonly present with severe pelvic pain
symptoms with superficial peritoneal lesions. Our prospective analysis identified higher
levels of multiple lipid metabolites, including LPEs and LPCs, in pre-surgical blood being
associated with increased risk of persistent post-surgical pelvic pain.
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Our study focused on young endometriosis patients which is an understudied population,
often presenting with severe pelvic pain and superficial peritoneal lesions (17, 18). While
some studies reported that adolescent endometriosis may be a more severe, progressive type
of disease (36—38), 36% of our endometriosis patients reported severe pelvic pain one-year
after surgery, which is similar to prior studies reporting about 30% of endometriosis patients
have persistent pain unresponsive to conventional treatment (3, 39, 40).

Several cross-sectional studies have compared blood metabolites in women with and
without endometriosis, reporting increased blood levels of lipid metabolites (e.g.
phosphatidylcholines, sphingomyelins) as well as amino acids (e.g. valine, leucine) and
decreased levels of isoleucine and tryptophan in endometriosis patients compared to controls
(12, 14, 15, 41-46), however did not address associations with persistent post-surgical pelvic
pain among endometriosis patients. While there were few studies reporting metabolites of
chronic pain (47-49), only one study reported urinary metabolites in relation to pelvic

pain (50) which did not focus on endometriosis patients. Thus, evidence on metabolites
associated with persistent post-surgical pelvic pain in endometriosis patients is limited.

In this study, classes of lysophospholipids, LPEs and LPCs, were significantly associated
with increased risk of post-surgical pelvic pain in endometriosis patients, which may
include patients with centralized pain (51). Interestingly, two prior studies reported LPCs
being associated with fibromyalgia and multisite musculoskeletal pain (48, 49), which

are both conditions known for increased sensitivity to pain due to central sensitization

(52). Mechanistic linkages between lysophospholids (LPLs) and modulation of pain and
inflammation are complex as LPLs are as both immediate precursors in the synthesis of
lysophosphatidic acids (LPAs) and byproducts of phospholipase A2 activity upstream of
prostaglandin (PG) biosynthesis (53-55). In mouse models, LPAs have been shown to
initiate neuropathic pain through lysophosphatidic acid receptor 1 (LPAL) signaling and that
intrathecally administered LPC can serve as upstream substrate of this activity (56, 57). LPC
and LPE are also generated by phospholipase A2 catalyzed hydrolysis of phospholipids and
are therefore directly associated with liberation of the free fatty acid precursor to eicosanoid
biosynthesis, arachidonic acid (54). Arachidonic acid can be converted to prostaglandins

by cyclooxygenases (COX) (58), and upregulation of prostaglandin synthesis has been
reported to contribute to the growth and survival of endometriotic lesions (59, 60). In
addition, overexpression of COX2 may play a key role in endometriosis development (61)
and is associated with increased endometriosis-associated pain and recurrence (62, 63).

One study reported that overexpression of COX2 was positively correlated with intensity

of dysmenorrhea and acyclic pelvic pain (62). Another study reported overexpression

of NF-kB, which in part mediates COX2 expression, was significantly associated with
post-surgical endometriosis lesion recurrence (63). Furthermore, multiple inflammatory
mediators, including IL-1pB, IL-6, TNF-a, have been reported to contribute to endometriosis-
associated pain (64). These inflammatory mediators upregulate expression of COX2 and
prostaglandin synthesis (65). Since LPLs are also byproducts of prostaglandin synthesis, it
is possible that elevation of LPEs and LPCs are reflecting the upregulation of prostaglandin
synthesis triggered by increased pro-inflammatory mediators. Thus, our observation further
supports that upregulation of prostaglandin synthesis may be an important pathway in
persistent post-surgical pelvic pain among endometriosis patients.
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Interestingly, higher levels of plasma pregnenolone sulfate and fucose were suggestively
associated with lower risk of persistent post-surgical pelvic pain. Pregnenoclone is a
precursor to progesterone, which is thought to have a critical role in endometriosis
development and progression (66, 67). Endometriosis mouse model studies show that
progesterone resistant endometrial tissue has increased invasiveness and vasculature,
suggesting this may be a key step in endometriosis development (68). Fucose is an essential
sugar involved in glycosylation reactions (69). Lower levels of plasma fucose may indicate
acceleration of fucosylation, or fucose being linked to proteins and lipids, which has been
reported in pathological conditions including inflammation and signaling events by the
Notch receptor family (70, 71). Elevated level of plasma fucose has been reported in
endometriosis cases compared to controls (72) suggesting it may be an important metabolite
in endometriosis but no evaluation with persistent post-surgical pelvic pain was assessed.

Although studies report about one third of endometriosis patients suffer from persistent
pelvic pain despite surgical treatment (2, 3), currently there are no established predictors of
treatment response after endometriosis surgery. While it is expected that patients with severe
pelvic pain are at greater risk of persistent post-surgical pelvic pain, prior literature report
severity of pelvic pain at time of surgery do not correlate with symptom recurrence (73).
Our results suggest there are specific blood metabolomic profiles that may be predictive

of post-surgical outcomes. Furthermore, underlying mechanisms of symptom progression
in endometriosis patients are not fully understood. Central sensitization may be one
underlying pathophysiology(74, 75), although results from our study showing upregulation
of prostaglandin pathways provide insight into additional potential biological pathways
involved in persistent pelvic pain among endometriosis patients.

Our study has several strengths. We had prospectively collected blood samples on 180
endometriosis patients prior to endometriosis surgery with detailed pelvic pain symptom
information one-year after surgery. We also had serial blood samples allowing to examine
change in metabolite levels before and closely after surgery in relation to severe pelvic pain
one-year after surgery. We had detailed information on potential confounders that we were
able to account for in our analyses. Furthermore, we used validated metabolomics assays
with high reproducibility and stability and were able to comprehensively examine over 300
metabolites simultaneously. All patients received standard of care for endometriosis, with
the majority receiving hormonal treatment after surgery. Our observed association could
have been mediated by a change in type of medical interventions that occurred after surgery.
However, since the vast majority of our study population were on hormonal treatment at
one-year follow-up, we were not able to quantify the potential mediation effect in our dataset
(76). Less than half of patients had post-surgical metabolite data available for evaluation,
which may result in potential selection bias. However, baseline characteristics were similar
among those with and without paired pre- and post-surgical blood samples, and therefore

the potential influence of selection bias on the results is minimal. Another limitation of this
observational study is the potential for unmeasured confounders (i.e. factors that were not
accounted for in these analyses that preceded and were correlated with both pre-surgical
plasma metabolite levels and post-surgical pelvic pain). While we observed little evidence of
confounding by the factors that were considered, replication of these findings in independent
datasets is necessary and may reveal residual confounders. Generalizability is limited
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primarily to white, young endometriosis patients with superficial peritoneal lesions / rASRM
stage I/11 who presented with pelvic pain. Superficial peritoneal lesions are the predominant
clinical presentation of endometriosis patients overall (17-19), and the majority of patients
regardless of age at diagnosis report onset of pelvic pain symptoms during adolescence (77).
However, our findings may not be applicable to those diagnosed later in adulthood, those
presenting with infertility, or those with endometriomas, deep endometriosis, or rASRM
stage HI/1V disease. Further research is need to investigate similarities and differences in
molecular profiles of endometriosis patients diagnosed in adolescents and adulthood.

CONCLUSION

In summary, among adolescents and young adults with laparoscopically confirmed
endometriosis, we report the first prospective study examining metabolites and metabolomic
profiles in pre-surgical blood associated with risk of persistent post-surgical pelvic pain.
While validation in independent datasets is warranted, our results support that plasma
metabolites may be promising biomarkers to differentiate endometriosis patients who may
experience poor surgical outcome, detecting signals beyond clinical characteristics and
self-reported pelvic pain severity at the time of surgery. Furthermore, these results provide
important insight that dysregulation of lipid metabolism may play a role in persistence

of pelvic pain post-surgery among endometriosis patients. Future research investigating
longitudinal change in these plasma biomarkers and its correlation with pelvic pain severity
is needed to discover novel biomarkers that could be used clinically for monitoring
recurrence or progression of the disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Metabolites associated with risk of persistent post-surgical pelvic pain at one-year after

endometriosis surgery in the A2A (n=180).

Odds ratios and 95% confidence intervals per 1 standard deviation increase in metabolite
levels are presented for the 21 metabolites associated with risk of severe pelvic pain at
one-year after surgery (p-value < 0.05). All estimates were adjusted for age, fasting status,

and pelvic pain severity at baseline.
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Figure 2. Metabolite set enrichment analysis (MSEA) results on enriched metabolite groups
associated with persistent post-surgical pelvic pain at one-year after endometriosis surgery.

Red shades represent positive coefficients while blue shades represent negative coefficients.
Significance of the association is overlaid on the heat map as follows: ** FDR<0.05, *

FDR<0.20.
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Table 1.

Characteristics of endometriosis patients by persistent post-surgical pelvic pain at one-year after endometriosis
surgery in the A2A (n=180)

Persistent post-surgical pelvic pain at one-year after surgery
No Yes?
n=115 n=65
Age, years, mean (SD) 18.4 (4.4) 18.8 (4.8)
Body mass indexb, n (%)
Underweight 0 0
Normal 71 (62) 47 (72)
Overweight 34 (30) 14 (22)
Obese 10 (9) 4 (6)
Age at menarche, years, mean (SD) 11.7 (1.4) 11.8 (1.5)
Race, n (%)
White 104 (90) 60 (92)
Non-white 11 (10) 5(8)
Smoking, n (%)
Never 110 (96) 63 (97)
Former 2(2) 1(2)
Current 2(2) 0
Analgesic use, n (%)
Never 58 (50) 27 (42)
Ever use but not regularly 9(8) 5(8)
Regular use® 48 (42) 33(51)
On hormones at blood draw, n (%) 108 (94) 57 (88)
Fasting at blood draw, n (%)
No 21 (19) 13 (23)
Yes 70 (63) 32 (56)
Unknown 20 (18) 12 (21)
Irritable bowel syndrome diagnosis, n (%)
No 103 (90) 52 (80)
Yes 12 (10) 13 (20)
Time since symptom onset to endometriosis diagnosis (years), mean (SD) 3.6 (2.6) 3.3(2.8)
ASRM stage, n (%)
Early (I/11) 112 (97) 64 (98)
Advanced (l11/1V) 3(3) 1(2)
Enroliment site, n (%)
Boston Children’s Hospital 91 (79) 49 (75)
Brigham and Women’s Hospital 24 (21) 16 (25)
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Abbreviations: A2A, The Women’s Health Study: From Adolescence to Adulthood; SD, standard deviation.

a . . I ) . U . . .
Persistent post-surgical pelvic pain was defined as those who reported having moderate to severe life-impacting pelvic pain at one-year after their
endometriosis surgery

bFor women aged =20 years: underweight (BMI < 18.5 kg/m2), normal weight (BMI 18.5-24.9 kg/m2), overweight (BMI 25-29.9 kg/m2), or
obese (BMI = 30 kg/m2) according to World Health Organization criteria; For those <20 years, the age- and genderspecific BMI Z-score was
calculated, and participants were categorized as underweight (Z-score < -2), normal weight (Z-score >-2 to <1), overweight (Z-score 1-2), or
obese (Z-score > 2)

C,
More than once a week

Fertil Steril. Author manuscript; available in PMC 2023 June 01.



Page 18

Sasamoto et al.

sapLIdAIBL 'OV ‘sapuadA|bip ‘Ova ‘sautjoydjApneydsoyd ‘Od ‘sautjoyojApireydsoydosA| ‘0dT ‘sauiwejoueyiajApieydsoydosA] ‘Id iS[eAsslul 83UspLU0d ‘1D 011el SPPO ‘YO :SUOIRIABIGAY

Al annelussaidal
¥

100> G20 670 (6v'0'%0°0) ST'0 | (SL°T'60°0) EV'O (T5'€'90'0) 50 | @) 00T aley|ns auojouauBald ¥.,00009ANH
100 160 60 (8v'0'z00) cT0 | (80G've0)60T | (2LT2'ec0) vz | (481) 00T 8500n ¥/T00009ANH
ve0 €€0 ¥S'0 (L1'g'85°0) L'T | (6T°2'S00) TY'0 | (6T°€200)950 | (1) 00T aulpiwiads|£1e0e-TN 9/2T0009ANH
00 200 €50 (229'950)T16'T | (T2 T)6T9 | (P09'88°0) 26T | (431) 00'T au1aN3|0s| 2/T00009ANH
120 800 G8'0 (95'2'99°0) 9T | (vO'ST'68°0)GE | (2°€'8T°0) 280 | (1) 00T aurona /8900009ANH
91'0 Ly'0 L0'0 (teL'zeo)eee | (s52'T1°0) 250 | (¥8°0'T0°0) 210 | (431) 00'T auluely T9T00009ANH
110 590 LS50 (ze'tT'6L0)68C | (9672'2T0)2L0 | (€L2'ST0)990 | (a1) 00T OVL £:060 L« EEVS0009ANH
200 100 LT0 (reeg'vr1) 82’ | (ST'SY'9L'T) 218 | (8T'9T°'29°0) ¥0'E | (421) 00'T 9vd 0:2€d «860,0009ANH
290 €00 60 (eeg'ze0) vt | (esrrn)ey | (92€720) 160 | (191) 00T | (T:8TP) dp1wesdd 0:9TO 6v6¥0009ANH
L0°0 110 Lv0 (90vz't60) 56y | (8¥'v1'280) C'€ (88'2'TY'0) L'T | (1) 00T 0d 2:%€D «£46,0009ANH
90 810 160 (T9s'Lv'0) 9'T (6'6'99°0) 62 | (9L€'T20) 260 | (21) 00T 0d 0:7€D ,0£6,0009ANH
290 vZ0 690 (€2'g'2€°0) 6E'T (8e'8'19°0) 22 | (TE'G'€ECD)EET | (1) 00T 0d 0:2€D , 1£8.0009ANH
G20 180 A4 (56'9'29'0) €02 (Sre'z0)sgo | (Tre'er0) 850 | (a1) 00T 0d1 1910 €8€0T009ANH
600 820 v€0 (gzr'eg0)sTe | (PeoT'1G0) €22 | (S8'6v'0) 26T | (491) 00'T 0d10:910 28€0T00EANH
2L €10 €20 (Lrg'ec0)6zT | (eT'L0000v€0 | (POTTTO)¥¥0 [ (1) 00T 3d1¥:020 LTSTTO09ANH
680 690 6£°0 (cee've0o) 160 | (P6'sE0)TET | (LOZET0)SS0 | (21) 00T 3d710:020 TTSTTO09ANH
100> €50 810 (trrrive)est | (erszo0) vwo | (L992'v90) ve | (01) 00'T 3d1€:8T0 8.yTT009ANH
€50 14 120 (9z2'2€0) 9T | (802'sT0) 250 | (vST'ZT0)SV'0 | (1) 00T 3412810 . LOSTTO0EANH
680 v€0 80°0 (60v'ze0) €TT | (¥6T'ET0) 250 | (60T'90°0) L20 | (431) 00'T 3471 T7:810 90STT009ANH
110 1.0 590 (626'180) 122 | (6T€'9T0)GL0 | (6872'2T°0)2L0 | (1) 00T 3d170:8TD 0ETTTO09ANH
100> 4] 9e'0 (98ee'soz) 562 | (8ozr'ie0)eoe | (99%6'9v°0) T0Z | (431) 00'T 3d710:9T0 €0STT009ANH

anjead anjen d anjen d n:oo\ome <le} g:oo\ome I<le} Q:oo\%e HO | souauspey awreu aujoqeRN | (@I 9ANH) dl sHjogeIsiN
UBIH/UBIH | mo/ubiH | uBiH/moT ubIH/YBIH mo1/uybIH ubiH/moT | moT/moT

Jayye Jeak-auo 1e ured ainjad [edifins-1sod juaisisiad Jo Xsil pue A1abIns sISolIIaWOopUS Ja)ye A|aS0|d pue 310)3q S|aAs] ailjoqelsw ewseld ul abuey)

Author Manuscript

‘¢ slqeL

Author Manuscript

, (22=u) A1sbins sisoLiawopua

Author Manuscript

Author Manuscript

Fertil Steril. Author manuscript; available in PMC 2023 June 01.



Page 19

Sasamoto et al.

snyels Bunisey pue abe 1oy paisnipe sjans| aljogelsl ul asealoul gs T Jad w_oQ

ybryyyby 1o ‘mojybiry ‘Ybiy/mol ‘Moj/mo| Se Uo1193[|09 POO|q PUOIaS/ISILY e pazilobajed aiam uswom ‘(A1abins-1sod pue -aid) SUOI109]]09 POO|C OMI B} Je S|aAS] 8)1jogelsll UeIpall 8y} Uo nmmmmm

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Fertil Steril. Author manuscript; available in PMC 2023 June 01.



	Abstract
	Capsule:
	INTRODUCTION
	MATERIALS AND METHODS
	Study population
	Pelvic pain assessment
	Covariate information
	Metabolomics measurement
	Statistical analysis

	RESULTS
	DISCUSSION
	CONCLUSION
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.

