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Abstract

Provoked vestibulodynia (PVD) is a chronic vulvar pain disorder characterized by hypersensitivity and severe pain with
pressure localized to the vulvar vestibule. Knowledge regarding pathophysiological mechanisms contributing to the etiology
and production of symptoms in PVD remains incomplete but is considered multifactorial. Using a cross-sectional observa-
tional study design, data from untargeted metabolomic profiling of vaginal fluid and plasma in women with PVD and healthy
women was combined with pain testing and brain imaging in women with PVD to test the hypotheses that women with PVYD
compared to healthy women show differences in vaginal and plasma metabolites involved in steroid hormone biosynthesis.
Steroid hormone metabolites showing group differences were correlated with vulvar vestibular pain and vaginal muscle
tenderness and functional connectivity of brain regions involved in pain processing in women with PVD to provide insight
into the functional mechanisms linked to the identified alterations. Sensitivity analyses were also performed to determine the
impact of hormonal contraceptive use on the study findings. Women with PVD compared to healthy controls had significant
reductions primarily in vaginal fluid concentrations of androgenic, pregnenolone and progestin metabolites involved in
steroidogenesis, suggesting localized rather than systemic effects in vagina and vulvar vestibule. The observed reductions
in androgenic metabolite levels showed large effect size associations with increased vulvar vestibular pain and vulvar muscle
tenderness and decreases in androgenic and progestin metabolites were associated with decreased connectivity strength in
primary sensorimotor cortices. VWomen with PVD showed symptom-associated reductions in vaginal fluid concentrations of
metabolites involved in the biosynthesis of steroid hormones previously shown to affect the integrity of vulvar and vaginal
tissue and nociceptive processing. Deficiency of certain steroids may be an important mechanism contributing to the
pathophysiology of symptoms in PVD may provide potential diagnostic markers that could lead to new targets for thera-
peutic intervention.
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Introduction

Provoked vestibulodynia (PVD) is a chronic pain disor-
der characterized by local hypersensitivity of the vesti-
bule and severe pain with vaginal penetration. PVD
affects approximately 7 to 16% of the female population
at some time in their lives and is the leading cause of
painful intercourse in reproductive-aged women.' The
etiology of PVD remains poorly understood. It has
been linked to multiple factors including inflammation,
vulvovaginal infections, mucosal nerve fiber prolifera-
tion, hormonal alterations, pelvic floor muscle dysfunc-
tion, central pain mechanisms, and genetic factors (i.e.
gene polymorphism related to sensitivity to pain,
regulation of inflammatory response and androgen
receptor).>

Neuroimaging evidence supports the notion that
structural and functional alterations of the central ner-
vous system are closely associated with symptoms, and
may be responsible for the hypersensitivity to pain, or
are secondary responses to the chronic pain experienced
in PVD.> " Across all multimodal magnetic resonance
imaging (MRI) studies in PVD, the most consistently
reported findings are symptom-associated structural
and functional alterations in regions comprising senso-
rimotor networks (including thalamus and basal ganglia)
which are involved in pain processing and modulation.

The role of sex steroid alterations related to estrogen
in PVD has been investigated in previous studies ranging
from vestibular tissue immunohistochemistry to circulat-
ing microRNA.'*'5 Androgens have also been implicat-
ed in the pathophysiology of PVD based primarily on
epidemiological studies of women taking combined oral
contraceptives.'> ' The use of oral contraceptives is
known to increase sex hormone binding globulin and
decrease circulating androgen levels, and insufficiency
of sex steroid hormones have been identified in
some studies as risk factors for the development of
PVD.'"® ! While estrogen has been shown to affect the
structural integrity and thickness of vaginal and vulvar
tissues, androgens including testosterone and dehydro-
epiandrosterone (DHEA) can influence genital mucosal
epithelial integrity and function.?®>* Regardless of oral
contraceptive use, vestibular mucosa measured by ultra-
sound was thinner in women with PVD compared with
healthy controls and correlated with degree of vestibular
burning pain.”® Interestingly, research based largely on
experimental animal models indicates that steroid hor-
mones can modulate pain perception suggesting that
changes detected in plasma and vaginal fluid could
result in mechanical allodynia.?%2!->427

Metabolomics is a discovery based analytic profiling
technique that indexes current cellular processes by mea-
suring the biochemical products of molecular events
downstream of genomic, transcriptomic, and proteomic

systems in tissues or body fluids.?® Because these metab-
olites are small molecular endpoints and intermediates,
they may serve as important tools for identifying
biochemical pathways and metabolites (e.g., small
molecules) that may be altered in disease states.
Metabolomics assessment of biological samples (e.g.,
biofluids, tissue) has emerged as an important precision
medicine tool for drug and biomarker discovery, deter-
mining drug response phenotypes, and identifying new
pathophysiological mechanisms underlying chronic dis-
ease”™ 3! including vaginal health,*>* risk for preterm
birth,*-*® and chronic pain conditions including endo-
metriosis.’” > Ultimately, metabolomics may serve as a
complementary tool to existing experimental approaches
that can shed further light on the role sex steroid hor-
mone alterations in PVD.

The aim of this exploratory study was to investigate
whether women with PVD compared to healthy women
show differences in metabolites involved in steroid hor-
mone biosynthesis in the vagina, proximal to the area of
pain, and peripherally in the plasma. Specifically, we
examine group differences in steroid metabolites
involved in steroid hormone biosynthesis pathways
(i.e., androgen, progestin, pregnenolone, and corticoste-
roids) that were identified using an untargeted liquid
chromatography—mass spectrometry (LC-MS) metabo-
lomics assessment of vaginal fluid and plasma samples
(Estrogenic steroids are not generally measurable in the
untargeted assessment). We then examine the associa-
tion of metabolites altered in PVD with vulvar vestibular
pain and vaginal muscle tenderness, and functional con-
nectivity of brain regions involved in pain processing to
provide insight into the functional mechanisms linked to
the identified alterations. Based on the extant literature,
it was expected that women with PVD compared to
healthy controls (HC) would have alterations in concen-
trations of vaginal fluid and plasma metabolites involved
in steroid hormone biosynthesis. Given the potential for
steroids to modify peripheral and central nociceptive
processing, it was anticipated that alterations in sex
steroids would be associated with increased vulvar
vestibular pain and vaginal muscle tenderness as well
as alterations in functional connectivity strength of
pain processing regions in women with PVD.

Materials and methods

Subjects

Participants were recruited between May 2015 to
December 2017 via advertisement on social media,
Craigslist, campus wide emails via the Registrar’s
office at UCLA, onsite recruiting by the study coordi-
nator at the UCLA Division of Digestive Diseases gen-
eral GI clinics and OB/GYN clinics, and the UCLA and
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other local college newspapers. Premenopausal women
with PVD and HC, ages 18 to 50, were identified.
A diagnosis of PVD was confirmed by clinical examina-
tion by a gynecologist or specialized nurse practitioner,
both with recognized expertise and examination of
women with vulvar vestibular pain. All subjects provid-
ed written informed consent to participate and were
compensated for participating in the study. The study
was approved by the University of California,
Los Angeles (UCLA) Institutional Review Board
(IRB#13-001113) and was conducted in accordance
with the institutional guidelines regulating human sub-
ject research. A total of 60 women with PVD and 49 HC
were enrolled in the study providing the statistical power
to detect moderate effect size differences (Cohen’s
d~=.50), if they existed, in metabolite concentrations
between PVD and HC.

Inclusion/exclusion criteria

Inclusion criteria for women with PVD included: at least
6 months of vulvar vestibular pain, at least 4 out of 10 in
severity during intercourse or other activities involving
vestibular pressure (e.g., tampon use), and findings on
cotton swab exam consistent with provoked vestibulo-
dynia. Infections (such as candida, bacterial vaginosis or
herpes simplex), estrogen deficiency or dermatological
disorders were ruled out by history, visual inspection,
vaginal pH and saline and potassium hydroxide slide
prep. Speculum examination of the vagina and bimanual
pelvic examination were performed to exclude other
potential etiologies or pathology such as vaginal or
pelvic masses or inflammation. We excluded patients
who met criteria for generalized vulvodynia and those
with only spontaneous but not provoked vestibulody-
nia." All subjects were asked to abstain from intercourse
for 7days prior to the visit, and to avoid the use of
intravaginal products, including douches, sprays, tam-
pons, spermicides, gels, foams, and diaphragms. All sub-
jects were between 18-50 years of age and were excluded
from the study if they were post-menopausal, pregnant,
breast-feeding or postpartum less than 4 months. In
addition, subjects were excluded if they have received
systemic or vaginal antimicrobial or probiotic therapy
within 1 month before the study visit. Inclusion/exclu-
sionary criteria for healthy control subjects were the
same as for those with PVD, with the exception of inclu-
sion for pain with vaginal penetration and vestibular
allodynia.

Study design

Participants meeting inclusion criteria were scheduled
for an on-site study visit. The subject menstrual history
was obtained during phone screening so that the study

visit could be scheduled during the mid to late follicular
phase (days 5-14 of cycle) or if taking hormonal contra-
ceptives, day 5-14 after the first day of last menstrual
period. During the study visit HCs and women with
PVD met with the study nurse, provided biological sam-
ples and filled out study questionnaires. Women with
PVD but not HCs also underwent pain testing with the
study nurse practitioner and brain imaging assessments.

Clinical assessment

During clinical examination detailed information was
obtained regarding vulvar vestibular pain for the PVD
patients including pain duration, whether in addition to
provoked pain, pain might also arise spontaneously
(unprovoked) and whether the onset of symptoms was
primary or secondary (at or after first introital penetra-
tion, respectively).'

Pain testing

Pain testing of the vestibule was performed using a
cotton swab, which is the main diagnostic tool for
PVD.!® PVD subjects were mapped for pain in the
vulvar vestibule by touching the vestibule perpendicular-
ly with the cotton end of swab (enough to indent the
mucosa to a depth of less than 1/3 of the cotton end)
for 1second at 5, 6, 7 (posterior vestibule), 10, 12 and 2
o’clock (anterior vestibule peri-urethral). Participants
were asked to rate the pain at each site using a numeric
rating scale (NRS) from 0-10/10 (0, none —10, most
severe pain imaginable). Pain scores across all sites on
the cotton swab test were summed for a total vulvar
vestibular pain score (0-60). Vaginal muscle pain was
assessed in PVD subjects with a single lubricated digit
inserted into the vagina, applying approximately 2 kg of
pressure for 2seconds. The examiner’s finger pressure
was calibrated with a handheld digital algometer (Pain
Test'™ Wagner Instruments) just before the vaginal
exam. The right and left levator ani muscles and the
perineal complex (at the vaginal entrance) were assessed.
The participant was asked to rate the pain severity each
site from 0—10/10 Scores were summed across all loca-
tions to compute a total vaginal muscle tenderness score
(0-30, NRS).*

Study questionnaires

For all subjects, we obtained information on age, body
mass index, ethnicity and race. Detailed data was
obtained on current use of contraceptives or hormones
which was used to categorize hormone use as “none”
(i.e., condoms, withdrawal, rhythm, abstinence), “local”
(e.g., levonorgestrel containing intrauterine device
(IUD), estrogen or testosterone vaginal cream), or
“systemic” (e.g., oral contraceptive pills, vaginal
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contraceptive ring, transdermal contraceptive patch, eto-
nogestrel sub-dermal contraceptive implant).

In women with PVD, Female sexual functioning was
assessed using the Female Sexual Functioning Index
(FSFI). The FSFI is a multi-dimensional self-report
instrument consisting of six subscales: desire (two
items), arousal (four items), lubrication (four items),
orgasm (three items), global satisfaction (three items)
and pain (three items). Items are summed to indicate a
total “sexual function” score, where higher scores indi-
cate greater sexual function, and where women who
score below the clinical cut-off of 26 are considered at-
risk for sexual dysfunction (Rosen et al., 2000).*!

Brain imaging

Using a 3.0T MRI scanner (Siemens Trio; Siemens,
Erlangen, Germany), we obtained a high resolution
structural brain images and a ten minute 6sec eyes-
closed resting state scan in women with PVD. From
this data, we applied graph theory to compute the con-
nectivity strength of or global influence of regions of
interest (ROIs) on brain network functioning. We used
the Destrieux (cortical)®® and Harvard-Oxford
Subcortical Atlases* to define a priori ROIs based on
their known roles in the processing and modulation
pain. As shown in Figure 1, cortical ROIs included sen-
sorimotor cortices (precentral gyrus, inferior part of the
precentral sulcus, superior part of the precentral sulcus,
paracentral lobule and sulcus, subcentral sulci and gyrus
(central operculum) and sulci, central sulcus, postcentral
sulcus, postcentral gyrus) and the posterior insula (long
insular gyrus and central sulcus of the insula, and the
inferior segment of the circular sulcus of the insula). We
also included subcortical regions including the

1. Central sulcus; 2. Superior precentral
sulcus; 3. Precental gyrus; 4. Postcentral
Sulcus; 5. Postcentral Gyrus; 6. Subcentral
Gyrus; 7. Inferior segment of the circular
sulcus of the insula; 8. Long insular gyrus and
central sulcus of the insula

Figure I. Cortical regions of interest.

amygdala, hippocampus, basal ganglia (nucleus accum-
bens, caudate nucleus, globus pallidus, putamen), thala-
mus and brainstem. Strength represents the weight sum
of connections (i.e., Fisher Z transform correlations
>.30) for a given ROI. High values for strength indicate
greater centrality or influence on the global state of
brain network functioning. For details on image acqui-
sition, preprocessing, and computation of connectivity
strength, see Supplemental Methods 1.

Biological sample collection and metabolomics

Plasma samples were obtained in 60 women with PVD
and 49 HC women. From these women, vaginal swab
samples were obtained from 51 of the 60 PVD women
providing plasma samples and all 499 HC women.
Additionally, 3 women with PVD only provided vaginal
swab samples. Vaginal swab and plasma samples were
collected during the mid to late follicular phase based on
last menstrual period in women not on hormonal contra-
ceptives or in days 5-14 of the active pill phase, consid-
ering day 1 as the first day of bleeding.

Vaginal fluid samples

When swabs arrive from the manufacturer, the study
coordinator labeled each sterile tube containing the
swabs with two cryo-freezer safe labels. One label was
for patient study ID and date of sample, and the second
label was for PRE and POST collection weight, in
grams. The coordinator weighed each dry swab and con-
tainer and provided PRE gram weight on the swab label.
At Visit 1, the physician/nurse practitioner collected the
vaginal sample after gently retracting the labia with
gloved fingers and inserting a sterile swab approximately
linch into the vaginal vault. Swab was rotated 360
degrees, removed, and inserted into the sterile tube
(without liquid medium). This procedure was repeated
for the remaining 2 swabs. The swabs were immediately
weighed post collection (using the same gram scale) and
the POST weight was documented on the cryo-freezer
label. The samples were immediately placed into a
small lab cooler filled with ice and brought to the lab
where they were stored in a —80 degree Celsius freezer
within 20 minutes of collection. Samples were shipped
on dry ice with collection log (vaginal sample log) to
Metabolon for further processing and analysis on their
global metabolomics and bioinformatics platform
(Metabolon, 617 Davis Drive, Durham, NC).

Plasma samples

Using standard venipuncture procedure, blood was col-
lected in EDTA tubes from individuals after an over-
night fast. Plasma was centrifuged, aliquoted to 6
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(1 ml) sterile polypropylene cryo tubes, and immediately
stored at —80°C until shipped to Metabolon.

Ultrahigh Performance Liquid Chromatography-
Tandem Mass Spectroscopy (UPLC-MS/MS) was used
to perform discovery-based, untargeted global metabo-
lomic profiling to characterize biochemical pathways in
vaginal fluid and plasma samples that were altered in
PVD compared to HC (Metabolon, 617 Davis Drive,
Durham, NC). Specific details on the Metabolomics plat-
form can be found in Supplemental Materials and
Methods II. Datasets provided by Metabolon identified
a total of 824 compounds of known identity (named bio-
chemicals) detected in plasma, and 952 in vaginal swabs.

Statistical analysis

Global untargeted metabolomic profiling resulted in two
datasets (vaginal and plasma samples) comprising a total
of 824 compounds of known identity (named biochem-
icals) in plasma, and 952 in vaginal swabs. From this
data set, we extracted metabolites known to be involved
in steroid hormone biosynthesis. This included a total of
21 validated biochemicals in vaginal fluid and 33 in
plasma samples belonging to androgen, progestin, preg-
nenolone, and corticosteroids subpathways. No estro-
genic steroids were detected in either plasma or vaginal
fluid. Following log transformation and imputation of
any missing values, with the minimum observed value
for each compound, Welch’s two-sample t-test was
used to test for differences between PVD and HCs in
these steroid hormone metabolites. Because steroid hor-
mone metabolite data was obtained via untargeted
metabolomics profiling and the exploratory nature of
the analysis, conservative control for false positives
(Type I errors) was realized by calculating the false dis-
covery rate(FDR)-adjusted p value (q), based on the
total number of metabolites identified during global
metabolomic profiling for each sample type (952 in vag-
inal swabs, and 824 in plasma samples). A q<.10 was
used as a threshold for reporting significance.

Because there were differences in use of hormone con-
traceptives in the sample, we performed an additional
sensitivity analysis to explore the influence of taking sys-
temic hormonal contraceptives on observed differences
in the steroid hormone metabolites. Specifically, we sub-
grouped women by hormone usage (no hormones (NH),
systemic hormones (SH)) and performed contrast
analyses within the framework of the general linear
model* #® testing the following contrasts of interest
between-diagnostic groups: PVD NH — HC NH and
PVD SH - HC SH, and with-in diagnostic groups: 3)
PVD SH - PVD NH, and HC SH — HC NH. Because
very few individuals reported use local hormone therapy,
women taking local hormones were excluded from the
sensitivity analyses.

In women with PVD not taking hormones,
Spearman’s correlation was used to estimate the associ-
ation between untransformed concentrations of altered
metabolites with vulvar vestibular pain and vaginal
muscle tenderness scores and functional connectivity
strength of pain processing brain regions.

We used t-tests and 2 sided Fisher’s exact tests to
compare groups by biological sample type on continu-
ous and categorical descriptive variables. The general
linear model was employed to test for differences
between hormone subgroups on sexual function, pain
duration, total vulvar vestibular pain and total vaginal
muscle tenderness scores.

Results

Table 1 presents the demographic characteristics and
contraceptive hormonal intake of the PVD and HC sub-
jects. The mean age for women with PVD (~28y) was
about 3years older than the mean age for HC (~25y).
About half the sample report no hormone contraceptive
use [~47%, PVD (Npjasma =29, Nyaginal = 25), 60% HC
(N =29) . Less than half of participants were taking sys-
temic hormonal contraceptives [PVD  (~40%,
Nplasma = 23; Nyaginai =22), HC (29%, N=14)]. Of
these, 12 HCs and 18 women with PVD were using
oral contraceptive pills or a nuvaring with the remainder
endorsing etonorgestrel implant. Few women were
using a local hormone [13% PVD (Npasma=23,
Nyaginal =N=7), 13% (HC N=6)]. Of these, 3 PVD
and 2 HC were using estrogen or testosterone cream,
and the remainder endorsed use of levonorgestrel con-
taining intrauterine device.

Table 2 contains the clinical characteristic of the
women with PVD by biological sample type. There
were no differences between the hormone subgroups in
pain duration, sexual functioning by FSFI, total vulvar
vestibule pain score on exam, or total vaginal muscle
tenderness.

Steroid hormones pathway alterations in PYD

As shown in Table 3 (All Subjects), women with PVD
compared to HC had lower vaginal concentrations of
steroid in pathways involving pregnenolone (21-
hydroxypregnenolone disulfate, pregnenediol disulfate),
progestin (5alpha-pregnan-3beta,20beta-diol monosul-
fate (1), Salpha-pregnan-3beta,20alpha-diol disulfate,
pregnanediol-3-glucuronide) and androgens (dehydroi-
soandrosterone sulfate (DHEA-S), 16a-hydroxy DHEA
3-sulfate, androstenediol (3beta,l17beta) disulfate (1),
androstenediol (3beta,17beta) disulfate (2), andro ste-
roid monosulfate

In plasma samples, few differences in steroid metab-
olites were observed. Women with PVD showed
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Table I. Characteristics of the participants providing plasma and vaginal swab samples.

Vaginal swab Vaginal and
sample Plasma sample  plasma samples PVDy vs. HC PVDp vs. HC
PVD PVD HC
N =54 N =60 N =49
Fisher’s Exact test Fisher’s Exact test
N(%) N(%) N(%) p=.11 p=.37
Hormone type  None 25 (46.3%) 29(48.3%) 29 (59.2%)
Local 7 (13.0%) 8 (13.3%) 6 (12.2%)
Systemic 22 (40.7%) 23 (38.3%) 14 (28.6%)
Ethnicity Hispanic 6(11.1) 6(10) 8(16.3)
Race AmeriInd O 0 2(4.1)
Asian 10(18.5) 12(20) 25(51)
Black 3(5.6) 2(3.3) 4(5.6)
Hawaiian 0 1(2) 1(2)
White 46(85.2) 51(85) 25(51)
Multiracial ~ 5(9.3) 5(8.3) 4(8.1)
Mean(SD) Mean(SD) Mean(SD)
range range range
Age 27.5 (4.9) 27.6(6.0) 24.6(6.1) t(101)=2.62, p=.0I t(107)=2.55, p=.012
20—42 18—50 18—46
Body mass 22.9(3.6) 22.8(3.5) 23.03.7) t(101)=-0.14, p=0.89 t(107)=-0.27, p=.79
index 14.9-31.5 14.9-31.5 16.1-32.4

HC: healthy controls; N: sample size; PVD: provoked vestibulodynia; SD: standard deviation; t: independent t-test.

Table 2. Provoked vestibulodynia-specific sample characteristics.

Vaginal swab (V) N =54

Plasma sample (P) N =60

N(%) N(%)
Unprovoked® 8(14.8) 9 (15)
Onset
Primary 27 (50) 28 (47)
Secondary 27 (50) 32 (53)

Mean (SD), range

Mean (SD), range

Pain duration®

Total vulvar vestibular pain on exam®
Total vaginal muscle tenderness score®
Female sexual functioning index®

81.5 (47.8), 36144
44.6 (15.4), 17-77
13.87 (6.9), 0-25

13.26 (6.07), 1.33-24.9

78 (.047.0), 26144
442 (14.5),17-77

13.2 (6.9), 0-25

12.80 (6.20), 1.33-24.9

N=sample size, =standard deviation.

8 patients with both provoked and unprovoked vestibulodynia.
®pain duration in months.

2 missing datapoints in plasma.

9 missing data point in vaginal swab samples, 4 missing data points in plasma samples.
€3 missing data points in vaginal swab samples, 6 missing data point in plasma samples.

significantly lower levels of pregnenolone (pregnenolone
sulfate, pregnenediol disulfate) and progestin (5-alpha-
pregnan-diol disulfate).

Subgroup analyses

To investigate the potential influence of systemic hor-
monal contraceptive use on differences in the steroid

hormone metabolites observed in the whole sample, we
examined differences in the steroid metabolites in the
subgroups of women with PVD and HC women not
using hormonal contraceptives (i.e., PVD NH, HC
NH) and using systemic hormone contraceptives (i.e.,
PVD SH, HC SH)

PVD NH compared to HC NH. As shown, in Table 3
(No hormone subgroup) we observed significantly lower
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levels of several metabolites in vaginal fluid samples from
PVD NH compared to HC NH, related to pathways
involving pregnenolone (e.g., 17alpha-hydroxypregneno-
lone 3-sulfate, 21-hydroxypregnenolone disulfate, pregne-
nediol disulfate), progestin (Salpha-pregnan-3beta,
20beta-diol ~ monosulfate(1),  Salpha-pregnan-3beta,
20alpha-diol disulfate, pregnanediol-3-glucuronide), and
androgens (dehydroisoandrosterone sulfate (DHEA-S),
16a-hydroxy DHEA 3-sulfate, androstenediol (3beta,17-
beta) disulfate (1), androstenediol (3beta,17beta) disulfate
(2), andro steroid monosulfate). In plasma samples, no
differences below q < .10 were observed.

PVD SH compared HC SH. In PVD SH compared to
HC SH, no significant differences in vaginal or plasma
concentrations of steroid hormones were detected
(see Tables 3 and 4, Systemic hormone subgroup).
Interestingly, within group (i.e., diagnosis) comparisons
(described below) indicated that that use of systemic
contraceptives significantly reduced plasma metabolite
levels in both PVD and HC and there was a trend for
a reduction of vaginal steroid hormone metabolite levels
in HCs but not PVD.

PVD SH compared to PVD NH. No significant differ-
ences in steroid hormones were detected between PVD
NH and PVD SH in vaginal swab samples. However,
numerous within group differences were detected in
plasma levels of steroids in PVD SH compared to
PVD NH (see Table 4, PVD Systemic/PVD No hor-
mone). As expected, PVD SH had significantly lower
levels of pregnenolone (e.g., pregnenediol sulfate proges-
tin (e.g., Salpha-pregnan-3beta,20alpha-diol disulfate,
pregnanediol-3-glucuronide,) and androgens (e.g.,
l16a-hydroxy DHEA  3-sulfate, Salpha-androstan-
3alpha,l7alpha-diol monosulfate(1)). Plasma levels of
corticosteroids (i.e., cortisol, cortisone) were elevated
in PVD SH compared to PVD NH.

HC SH compared to HC NH. As observed in PVD,
HC SH compared to HC NH also had significant reduc-
tions in plasma levels of hormone metabolites compris-
ing pregnenolone, progestin and androgen pathways (see
Table 4, HC Systemic/HC No hormone). Additionally,
plasma cortisol but not cortisone was also elevated in
HC SH compared to HC NH. Reductions in vaginal
levels of hormones metabolite did not survive conserva-
tive FDR correction (q < .05). However, at uncorrected
significance levels (p uncorrected <.05), HC SH com-
pared HC NH did show reductions metabolite concen-
trations in each pregnenolone, progestin and androgen
pathways.

Association between vulvar vestibular pain and vaginal
muscle tenderness and vaginal levels of dysregulated
steroid hormones in PVD NH. As can be seen in
Table 5, the observed decreases in vaginal levels of
the androgens, androstenediol (3beta,17beta) disulfate
(1), androstenediol (3beta,17beta) disulfate (2),

dehydroepiandrosterone sulfate (DHEA-S), and andros-
terone sulfate were associated with moderate to large
effect size increases in total vulvar vestibular pain NRS
scores. Reduced vaginal levels of dehydroepiandroster-
one sulfate (DHEA-S), and androsterone sulfate were
also correlated with increased total muscle tenderness
NRS scores.

Link between vaginal steroid metabolites and
functional connectivity in pain processing regions
in PYD NH

The associations between the vaginal concentrations of
steroid hormones that were reduced in PVD NH com-
pared to HC NH (Table 3) with global connectivity of
pain processing regions was examined. The decreases in
vaginal concentration of three of the androgenic steroids
and one progestin were associated with decreased global
connectivity of sensory and motor cortices (Table 6). No
significant associations were observed with insula, sub-
cortical regions or brainstem.

Discussion

Women with PVD compared to HC had reduced con-
centrations of pregnenolone, progestin and androgen
metabolites involved in the steroid hormone biosynthe-
sis. These reductions were observed primarily in vaginal
fluid not plasma suggesting localized effects in the
vagina and vestibule rather than systemic alterations.
The observed reductions in vaginal levels of several
androgenic metabolites were associated with increased
total vulvar vestibular pain and vaginal muscle tender-
ness and decreased functional connectivity in pain proc-
essing brain regions, the primary sensory and motor
cortices. We observed that use of systemic hormonal
contraceptives resulted reduced plasma concentrations
of the metabolites involved in steroidogenesis in both
PVD and HC. There was also some evidence that use
of systemic hormones reduced vaginal levels of these
metabolites in HCs but not PVD. Finally, pain duration,
total vulvar vestibule pain and total vaginal muscle ten-
derness did not differ in women with PVD using system-
ic hormonal contraceptives compared to women not
using hormones or those using local hormones.

The lower vaginal levels of steroidogenic metabolites
in women with PVD, including androgenic steroids (e.g.
16a-hydroxy DHEA 3-sulfate and androstenediol disul-
fate, a metabolite of DHEA) and pregnenolone, a pre-
cursor to both progesterone and DHEA synthesis, could
lead to alterations in mucosal structure and thinning of
the mucosa of the vestibule rendering the tissue more
vulnerable to injury and inflammation.*** The vaginal
and vulvar epithelium express high levels of androgen
receptors.”’ Mucin-secreting vestibular glands also
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Table 5. Symptom correlations with vaginal metabolite concentrations showing differences in PYD NH compared to HC NH.

Vulvar
vestibular Total vaginal
pain total muscle tenderness
Metabolites Subpathway P r p
Androstenediol (3beta, | 7beta) Androgenic —0.50 0.01
disulfate (1) Steroids
Androstenediol (3beta,|7beta) Androgenic —0.41 0.04
disulfate (2) Steroids
Dehydroepiandrosterone Androgenic —0.64 0.0005 —0.51 0.009
sulfate (DHEA-S) Steroids
Androsterone sulfate Androgenic —0.71 0.00007 —0.48 0.02
Steroids

Correlations were compute in PVD NH (N =25). r: spearman’s rank correlation; p: probability value.

Table 6. Association between the functional connectivity strength of pain processing regions and vaginal metabolite concentrations

showing differences in PYD NH compared to HC.

Biochemical name Subpathway Hemisphere Brain region r p
|6a-Hydroxy DHEA 3-sulfate  Androgenic Steroid L Postcentral sulcus (S1) 041 0.05
R Precentral gyrus (MI) 044 003
L Precentral gyrus (MI) 045 003
R Subcentral gyrus (central operculum) and sulci  0.48  0.02
R Superior part of the precentral sulcus 044 0.04
Androstenediol R Superior part of the precentral sulcus 042 0.049
(3beta, | 7beta) disulfate (2)
Androsterone sulfate R paracentral lobule 043 0.04
L Postcentral gyrus (SI) 044 0.04
Progestin Steroid R paracentral lobule 044 0.03
Pregnanediol-3-glucuronide L Postcentral gyrus (SI) 045 0.03
R Subcentral gyrus (central operculum) and sulci 041  0.049

Correlations were computed in PVD NH (N =25). HC: healthy control; MI: primary motor cortex; PVD: provoked vestibulodynia; NH: no hormones;

r: Spearman rank correlation; p; probability; SI: primary sensory cortex.

express high levels of androgen receptors; thus, changes
in steroids observed in PVD group could ultimately con-
tribute to decreased mucin production, vulnerability to
chemical, physical or microbial damage and hypersensi-
tivity. Androgens are aromatized to estrogens (not
detected in the current dataset) therefore it is difficult
to affirm that their final peripheral effect is caused by
the androgens or by conversion to estrogens or by com-
bination of both. Lower local concentrations of andro-
gen could result in diminished estrogen binding in vulvar
and vaginal tissues.

Because progesterone and estrogen can modulate pain
perception, the changes detected in vaginal fluid could
also contribute to mechanical allodynia in vestibule and
vaginal muscles. The progestin, 5 alpha-pregnan3beta, 20
beta diol, was lower in PVD vaginal fluid and is a neuro-
steroid capable of binding steroid membrane GABA A
receptors with inhibitory, excitatory and neurotrophic
effects.*”  Androgens have broad anti-inflammatory
effects on cellular and molecular levels and can regulate

the expression of inflammatory cytokines, known to sen-
sitize nociceptors, such as TNF-alpha, interleukin-6, and
interleukin-1beta.*® Taken together, alterations in steroid
hormones (as observed in PVD) could directly affect the
vaginal mucosa (e.g., resulting vulnerability to irritation
and inflammation) and modulate nociception through
changes in innervation.

The failure to detect estrogen hormone metabolites in
our samples is a limitation of the Metabolon global
untargeted metabolomic profiling platform. The library
does include estriol and estrone however over 95% of
the untargeted studies run by Metabolon fail to detect
any estrogen hormones. This could be due to a combi-
nation of factors, including highly hydrophobic nature
of estrogen hormones that may result in suboptimal
methanol extraction used for the untargeted approach.
This could have resulted in estrogen levels being below
the threshold of detection of the employed methodology.

The wuse of systemic hormonal contraceptives
increased plasma concentrations of corticosteroid
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hormones (i.e., cortisol, cortisone) levels in PVD SH
compared to PVD NH, but could not account for the
vaginal metabolite findings. Systemic oral hormonal
contraceptives increase free circulating cortisol in the
blood.*” These findings warrant further investigation
but may also be consistent with research demonstrating
systemic hormonal contraceptive usage is associated
with increased cortisol and dysregulated stress-response
in the hypothalamic-pituitary-adrenal (HPA) axis.*

In HCs but not PVD, weak evidence (p uncorrected
<.05) suggested that the use of systemic hormonal con-
traceptives lowered vaginal concentrations of pregneno-
lone, progestin and androgen metabolites. As such, the
differences in vaginal levels of steroid hormone metabo-
lites observed between PVD and HC that were not using
hormone contraceptives were no longer observed when
comparing PVD SH to HC SH,

Additionally, within diagnosis comparisons revealed
that use of systemic hormone lowered plasma levels of
pregnenolone, progestin and androgen metabolites in
both women with PVD and HCs. Systemic oral hormon-
al contraceptives increase sex hormone binding globulin
(SHBG) and decrease ovarian estrogen and testosterone
production resulting in lower free plasma testosterone.
Combined hormonal contraceptives also inhibit the
enzyme 5-alpha reductase, which converts testosterone
into dihydrotesterone, the compound that binds to cel-
lular androgen receptors. Additionally, combined hor-
monal contraceptives can have different progestins of
varying androgenicity. Only two women using SH in
each group (PVD and HC) were using the subdermal
progestin implant that is unlikely to significantly affect
hepatic binding proteins; the remainder took combined
estrogen progestinal agents. Unfortunately, plasma
estradiol and free testosterone were not measured in
this initial pilot study. The lack of difference in steroid
metabolites between women with PVD and HC using
systemic contraceptives is of interest and could represent
a risk factor for future development of symptoms in
some healthy individuals. This study highlights the
potential impact of steroid hormones and the need to
consider this factor when studying PVD patients.

In the present study, decreases in androgenic and pro-
gestin metabolites in vaginal fluid of women with PVD
were association with decreased connectivity strength of
primary sensorimotor cortices. The connectivity strength
of brain region reflects its global influence on brain net-
work functioning. Symptom associated alterations in the
gray matter density, activity (during evoked pain stud-
ies), and intrinsic resting state connectivity of sensorimo-
tor cortices have been reported in women with PVD
compared to HCs.>**!° We have also shown women
with PVD showed microstructural alterations in
cortico-thalamic-basal ganglia white matter tracts asso-
ciated with ascending nociceptive processing (i.e,

primary sensory cortex, thalamus, basal ganglia)’. The
observed decreases in functional connectivity strength of
these key pain processing regions (with decreased con-
centrations of androgenic and progestin metabolites)
may reflect central sensitization and lead to biased sen-
sory experiences.

The current study examined whether metabolites
involved in the biosynthesis of steroid hormones linked
to development of neuroinflammation and/or hyperalge-
sia, or maintenance of genital tissue structure were
altered in women with PVD, but the study was not
designed to test the specific nature or direction of these
associations. Specifically, while these alterations could
lead to increased ascending transmission and modula-
tion of signals from the vagina and vulvar vestibule
and long lasting allodynia and hyperalgesia, future lon-
gitudinal studies are needed to determine where the
causal association lies.

A substantial number of women were using various
types of hormonal contraceptives Although subgroup
analyses revealed that use of systemic hormones is
linked to metabolite levels, the women comprising this
subgroup were using different types and dosages of sys-
temic hormone contraceptives. Although in this study,
the sample size limited the ability to determine whether
specific types of hormone contraceptives which work via
different mechanisms may have potentially different
influences on the observed reductions in metabolites,
this is an important line of research for future studies.
Additionally, larger sample sizes will be needed for ade-
quately powered subgroup analyses.

By definition untargeted metabolomic profiling is
discovery-based and the findings from this cross-
sectional study will require replication in a larger inde-
pendent data set. Additionally, targeted metabolomic
studies of androgen, pregnenolone and progestin steroid
biosynthesis and signaling pathways in vaginal fluid as
well as tissue will be important for validation of these
candidate biomarkers. The inclusion of estrogen path-
ways that is possible in targeted metabolomic profiling is
also recommended given the known role in maintaining
the structural integrity of the vaginal tissue and pain
perception. Ultimately, longitudinal studies comprising
concurrent measurement of systemic steroid hormones
such as estradiol and free testosterone, pro-and anti-
inflammatory cytokines and micro-RNA expression
associated with inflammation and pain will help illumi-
nate the relationship between these distinct but interact-
ing mechanisms contributing to peripheral and central
sensitization and symptoms in PVD.

In conclusion, women with PVD have significant
reductions in vaginal fluid concentrations of metabolites
involved in the biosynthesis of steroid hormones previ-
ously shown to be involved in maintaining tissue integ-
rity and nociceptive processing. Reductions in vaginal
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levels of androgenic hormone metabolites showed strong
associations with increased vulvar vestibule pain on
exam and vaginal muscle tenderness. Ultimately, certain
steroids may be important peripheral biological markers
for understanding the pathophysiology of symptoms in
PVD, may provide potential diagnostic markers, and
could lead to new targets for therapeutic intervention.
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