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ABSTRACT

Aim. Women who developed vestibulodynia (vulvar vestibulitis) while taking combined hormonal contraceptives
(CHCs) and a control group of women were tested for polymorphisms of the gene coding for the androgen receptor
(AR) that is located on the X chromosome.
Study Design. DNA from 30 women who developed vestibulodynia while taking CHCs and 17 control women were
tested for the number of cytosine–adenine–guanine (CAG) trinucleotide repeats in the AR. In addition, serum-free
testosterone was tested in both groups.
Results. The mean number of CAG repeats in the study group was signiﬁcantly greater than the control group
(22.05 ± 2.98 vs. 20.61 ± 2.19, respectively; P = 0.025). This signiﬁcant difference persisted when analyzing the CAG
repeats from the longer allele from each subject. Among those who were taking drospirenone-containing CHCs, the
mean calculated free testosterone was 0.189 ± 0.115 ng/dL in the study group and 0.127 ± 0.054 ng/dL in the
control group, all of whom were taking drospirenone-containing CHCs (P = 0.042).
Conclusion. In the study cohort, women who developed vestibulodynia while taking CHCs are more likely to have
longer CAG repeats in the AR than women who took the same type of CHC but did not develop vestibulodynia. We
speculate that the risk of developing CHC-induced vestibulodynia may be due to lowered free testosterone combined
with an inefﬁcient AR that predisposes women to vestibular pain. Goldtein AT, Belkin ZR, Krapf JM, Song W,
Khera M, Jutrzonka SL, Kim NN, Burrows LJ, and Goldstein I. Polymorphisms of the androgen receptor
gene and hormonal contraceptive induced provoked vestibulodynia. J Sex Med 2014;11:2764–2771.
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Introduction

P

rovoked vestibulodynia (formerly called vulvar
vestibulitis syndrome) is the most common
cause of painful sexual intercourse, affecting 12% of
premenopausal women in the general population

This study was conducted at the Center for Vulvovaginal
Disorders, Washington, DC. Genetic analysis was performed at the Baylor College of Medicine, Houston, TX.
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[1]. Provoked vestibulodynia is characterized by
severe, burning/sharp pain that occurs in response
to pressure applied to the vulvar vestibule. Dyspareunia (painful intercourse) is the deﬁning
symptom of provoked vestibulodynia. The results
of research examining the underlying etiology of
provoked vestibulodynia can be challenging to
interpret and even contradictory. As the diagnosis
of provoked vestibulodynia is based on signs and
symptoms, not from a deﬁned pathophysiology, it is
likely that there are multiple causes of this disorder.
© 2014 International Society for Sexual Medicine
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Recent studies have elucidated at least four possible
distinct subtypes of provoked vestibulodynia: (i)
provoked vestibulodynia secondary to hormonal
changes [2–4]; (ii) provoked vestibulodynia secondary to neuroproliferation [5,6]; (iii) provoked
vestibulodynia secondary to inﬂammation [7–9];
and (iv) provoked vestibulodynia secondary to
hypertonic pelvic ﬂoor muscles [10,11].
One potential cause of hormonally mediated
provoked vestibulodynia is use of combined hormonal contraceptives (CHCs). Several studies
have shown that CHC use signiﬁcantly increases
the risk of developing provoked vestibulodynia by
four- to 11-fold [2,12,13]. In addition, it has been
demonstrated that CHCs induce morphologic
changes in the vestibular mucosa, making it “more
vulnerable to mechanical strain” [14]. Furthermore, CHC use decreases mechanical pain thresholds in women taking them [3].
Studies have noted decreased lubrication
induced by CHCs [15]. During arousal, women
become lubricated through a combination of
vaginal transudate of serum from the submucosal
vasculature and mucin secretion from the vestibular glands which include the Bartholin’s, Skene’s,
and minor vestibular glands. These glands are the
embryologic analogues of the Cowper’s glands,
prostate, and the glands of Littré in males. Consequently, in women, as in men, these mucinsecreting glands are androgen dependent [16]. It is
well-known that CHC use leads to a reduction in
serum-free testosterone (FT) by decreasing
ovarian production of total testosterone and by
inducing the liver to produce increased levels of
sex hormone binding globulin (SHBG) [15]. In
addition, some CHCs contain synthetic progestins
that act as testosterone antagonists at the androgen
receptor (AR) [17]. Therefore, we postulate that
due to antiandrogenic effects, CHCs may cause
dysfunction of the vestibular glands, which in turn
could cause provoked vestibulodynia in some
women.
Testosterone exerts its effects on gene expression through the AR. The AR gene is located on
the X chromosome at Xq11-12. The amino terminal transactivating domain of the AR contains a
highly polymorphic cytosine–adenine–guanine
(CAG) trinucleotide repeat sequence and regulates
androgen signaling in steroid hormone-sensitive
cells [18]. This polymorphism in the AR gene
ranges in size and may contain 11–32 repeats [19].
The length of the polymorphism is inversely associated with androgen-induced gene transcription
[20]. Speciﬁcally, fewer CAG repeats are associ-
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ated with high intrinsic AR activity (e.g., a more
efﬁcient receptor), and more repeats are associated
with weak AR activity. In women, mutations and
polymorphisms have been identiﬁed in the AR
gene that are associated with various disorders
including premature ovarian failure [21,22],
ovarian cancer [23], and breast cancer [24]. Therefore, we further postulate that certain polymorphisms in the AR gene (i.e., AR with more CAG
repeats) might predispose women to develop provoked vestibulodynia while on CHCs. This study
was designed to differentiate between the number
of CAG repeats in the AR in women who developed provoked vestibulodynia while taking CHCs
vs. women taking CHCs who have not developed
provoked vestibulodynia.
Study Design and Methods

This study comprised two groups of women: a
study group and a control group. The study
group consisted of 30 women with provoked
vestibulodynia secondary to hormonal changes
and who were referred by the faculty of the
medical center. Women in this group developed
provoked vestibulodynia while taking CHCs and
had resolution of symptoms with cessation of
CHCs and treatment with topical estradiol and
testosterone applied to the vestibule (Figure 1). All
women in this group were taking CHCs at their
initial presentation. Of these 30 women, 21 were
taking a CHC that contained the progestin
drospirenone.
The control group consisted of 17 women who
were currently taking CHCs containing the progestin drospirenone and who did neither complain
of dyspareunia nor show any evidence of provoked
vestibulodynia on physical exam. Subjects were
recruited from healthy women coming for routine
gynecological exams that included general medical
history; reproductive history; breast examination;
abdominal examination; inspection of the external
genitalia, vagina, and cervix; bimanual examination of the uterus and adnexa; and appropriate
testing which may have included a Pap smear,
vaginal cultures, and testing for sexually transmitted infections. Control subjects were of similar age
as the study group. No extraordinary measures
were taken in recruiting this group as women
using hormonal contraceptives commonly fall
within this age range.
Women were excluded from the study if they had
any known hormonal disease that might affect
serum estradiol or testosterone, such as polycystic
J Sex Med 2014;11:2764–2771
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Figure 1 Vestibulodynia caused by a
combined hormonal contraceptive:
before estradiol and testosterone (A)
and after estradiol and testosterone
(B) treatments

ovarian syndrome or premature ovarian failure.
Other exclusion criteria included diagnosis of
vulvar dermatologic conditions including lichen
sclerosus, lichen planus, psoriasis, lichen simplex
chronicus, intraepithelial neoplasia or carcinoma,
active vulvar or vaginal infection including candidiasis or bacterial vaginosis, prior vulvar surgery,
hypertonic pelvic ﬂoor muscles, primary
vestibulodynia, pregnancy, or lactation.
In both groups, blood was drawn for serum levels
of testosterone, albumin, and SHBG (to calculate a
FT) at initial presentation, and all samples were
processed and assayed by Quest Laboratories. Total
testosterone was determined by liquid chromatography tandem mass spectrometry, and free testosterone was determined by equilibrium dialysis.
Calculated free and bioavailable testosterone values
were based on the binding constants of testosterone
to SHBG and albumin. SHBG concentration was
determined by immunochemical luminescence
assay, and albumin concentration was determined
by spectrometric dye-binding assay. Study group
subjects were taking CHCs and had provoked
vestibulodynia upon enrollment; treatment was initiated after blood work for the study was obtained.
Additional blood was drawn for DNA analysis. This
study was approved by the Institutional Review
Board at George Washington University Medical
Center. Both control and study groups were
informed about the overall objectives of the study,
and consent for blood draws, genetic testing, and
data collection was obtained from all patients participating in the study.
J Sex Med 2014;11:2764–2771

DNA was extracted from white blood cells with
DNeasy Blood & Tissue Kit (69504, Qiagen,
Valencia, CA, USA). The fragment containing the
CAG repeat site in the AR gene was ampliﬁed by
PCR (with primers: Forward 5-TCCAGAATCT
GTTCCAGAGCGTGC-3, Reverse 5-GCTG
TGAAGGTTGCTGTTCCTC-3). PCR conditions were as follows: annealing temperature 62°C,
extension time 1 minute at 72°C, 40 cycles. PCR
fragments of around 280 bp were puriﬁed by electrophoresis in 1.5% agarose gel and sent for
sequencing (Lone Star Labs Genetic Sequencing,
Houston, TX, USA). DNA sequencing data were
read, and CAG repeat number on both alleles was
recorded.

Data Analysis
The mean number of biallelic (both alleles) CAG
repeats in each group was compared using the
Mann–Whitney U test. Comparisons resulting in
P values less than 0.05 were considered statistically
signiﬁcant. In addition, we compared the means of
the longer alleles (CAG-L) in each group and
included CAG-L data from a previously published
database of 522 Caucasian women [25] as an external control group. The CAG-L data were compared by one-way analysis of variance (anova)
followed by Tukey’s multiple comparison post hoc
test to assess differences between pairs of groups.
testosterone and related measurements between
the control population and women with provoked
vestibulodynia were analyzed by unpaired t-test
with Welch’s correction for unequal variances. We
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Plasma testosterone and related values in study subjects

Albumin (g/dL)
*SHBG (nmol/L)
Total testosterone (ng/dL)
*Bioavailable testosterone (ng/dL)
*Free testosterone (pg/mL)
*Calculated free testosterone (pg/mL)
*CHC use (years)
Age (years)

Control group (n)

Study group (n)

P value

4.5 ± 0.3 (13)
316 ± 84 (13)
40 ± 11 (13)
1.4 ± 0.6 (13)
0.7 ± 0.3 (13)
0.127 ± 0.054 (13)
6.2 ± 2.4 (12)
27 ± 4 (17)

4.5 ± 0.3 (21)
211 ± 115 (21)
37 ± 18 (21)
2.3 ± 1.5 (21)
1.0 ± 0.7 (20)
0.189 ± 0.115 (21)
4.2 ± 1.2 (10)
29 ± 4 (21)

0.7523
0.0045
0.4896
0.0339
0.0438
0.0415
0.0220
0.0810

The number of subjects included for each parameter is shown in parentheses as data were not available for all subjects. “CHC use” indicates patient-reported total
duration of drospirenone-containing CHC use prior to onset of pain symptoms. Total testosterone was determined by LC/MS/MS, and free testosterone was
determined by equilibrium dialysis. Calculated free and bioavailable testosterone values were based on the binding constants of testosterone to SHBG and albumin.
SHBG concentration was determined by immunochemical luminescence assay, and albumin concentration was determined by spectrometric dye-binding assay.
Comparisons between control and study groups were made by unpaired t-test with Welch’s correction for unequal variances. Asterisks indicate statistical
significance
CHC = combined hormonal contraceptives; LC/MS/MS = liquid chromatography tandem mass spectrometry; SHBG = sex hormone binding globulin

calculated the effects sizes (Cohen’s d) of these
differences to help understand the importance of
these ﬁndings. A d = 0.20 is considered a small
effect, d = 0.50 a moderate effect, and a d = 0.80 a
large effect. All data are reported as mean ± standard deviation, and all analyses were carried out
using GraphPad Prism version 5.04 for Windows
(GraphPad Software, San Diego, CA, USA).
Results

Twenty-nine of the 30 women in the study group
and 16 of 17 in the control group were Caucasian. Mean age of each group was not signiﬁcantly different (control group = 27 ± 4 years;
study group = 29 ± 4 years; Table 1). Interestingly, the mean duration of CHC use was signiﬁcantly shorter in the study group (Table 1). As
shown in Figure 2, the frequency distribution of
CAG repeat length for both alleles was shifted
toward the shorter range in the control when
compared with the study group. Indeed, the
mean number of biallelic CAG repeats was signiﬁcantly smaller (P = 0.025, d = 0.53) in the
control group (20.61 ± 2.19) than in the study
group (22.05 ± 2.98).
When only the CAG-L of each pair was examined, the frequency distribution curves exhibited a
more distinct separation (Figure 3). As shown in
the inset for Figure 3, the mean number of
CAG-L repeats was signiﬁcantly greater (P < 0.05)
for the study group 23.73 ± 2.59 than either the
internal control group (21.76 ± 2.11, d = 0.81) or
an external control group from a previously published database [25] of 522 Caucasian women
(22.4 ± 2.5, d = 0.53). The anova P value for the
CAG-L analysis was 0.011.

Lastly, we compared the mean calculated FT
(cFT) of the control and study groups. However,
we limited the data to those who were taking
drospirenone-containing CHCs. This represented
all of the control group and 21 women in the study
group. Interestingly, the cFT for the control group
was signiﬁcantly lower (P = 0.042, d = 0.69)
than the study group (0.189 ± 0.115 ng/dL vs.
0.127 ± 0.054 ng/dL, respectively). As shown in
Table 1, bioavailable testosterone and free testosterone measured by equilibrium dialysis was also
signiﬁcantly lower in the control group compared
with the study group. The main reason for this
difference was apparently the higher SHBG levels
in the control group (Table 1).
Discussion

The most important ﬁnding of this study is that
women who developed provoked vestibulodynia
while taking CHCs were more likely to have an
AR gene with more CAG repeats than women who
took the same type of CHC but did not develop

Figure 2 Cytosine–adenine–guanine (CAG) repeat allele
frequency of all alleles
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CAG Repeat #

Allele Frequency

Allele Frequencey vs. Number of CAG Repeats
28
Long Alleles
*
26
24
22
20
18

provoked vestibulodynia. In addition, women who
developed provoked vestibulodynia while taking
CHCs may be more likely to have an AR gene with
more CAG repeats than Caucasian women in the
general population.
The effect size, as indicated by the calculated
Cohen’s d values, further suggests that the differences observed in our study are both signiﬁcant and
meaningful. In general, an effect size of 0.5 is considered moderate, and an effect size of 0.8 is considered large. The effect sizes in our study ranged
from 0.53 to 0.81. In certain cases, while statistically signiﬁcant differences between placebo and
therapy could be questionable in terms of clinical
meaningfulness, our study did not assess the efﬁcacy of a therapeutic intervention. Instead, in two
groups of women taking CHCs, the fact that one
group was symptomatic (i.e., had vestibulodynia)
and that this same group had signiﬁcantly different
CAG repeat lengths makes it self-evident that the
difference in genotype is clinically meaningful (i.e.,
pain vs. no pain). Whether this is the most important factor remains unclear. Nevertheless, the effect
size suggests that genotype exerts a measurable
impact on the manifestation of vestibular pain
symptoms in women taking CHCs.
Thus, our ﬁndings suggest that women who
have more CAG repeats in their AR gene may be
more likely to develop symptoms such as provoked
vestibulodynia. This could be a consequence of the
hormonal changes that women experience from
taking CHCs. This ﬁnding is consistent with what
is known about the AR and serum FT. Women
with inefﬁcient ARs (more CAG repeats) are more
likely to develop symptoms from low FT than
women who have more efﬁcient ARs (fewer
CAG repeats). Therefore, we hypothesize that
the risk of developing CHC-induced provoked
J Sex Med 2014;11:2764–2771
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Figure 3 Cytosine–adenine–guanine
(CAG) repeat allele frequency of long
alleles. Inset: CAG repeat number
(mean ± standard deviation [SD]) for
the internal control group (CTRL),
study group (STUDY), and external
control group (EXT), as previously
reported.25 Data were compared by
one-way ANOVA (P = 0.011), followed
by Tukey’s test for paired comparisons
(*P < 0.05).

vestibulodynia is not solely due to the decrease in
FT, but it is the combination of lowered FT with an
inefﬁcient AR that predisposes women to vestibular pain. This perspective could explain the reason
that control patients had no vestibular pain in spite
of having a signiﬁcantly lower FT level than the
study group. In fact, women in the control group
had a signiﬁcantly longer mean duration of CHC
use by 2 years. Thus, CHC use alone is unlikely to
predict vestibulodynia.
Consistent with our ﬁndings, other studies have
shown a relationship between CHCs and provoked
vestibulodynia. For example, in a prospective study,
Bazin et al. showed that women who started taking
CHC before the age of 17 were 11 times more likely
to develop provoked vestibulodynia in comparison
with women who had never taken CHCs [13]. In
another prospective study by Battaglia et al., a
group of healthy women who had no previous
hormonal therapy for at least 6 months was administered drospirenone-containing oral contraceptives. Three months after beginning oral
contraceptive use, women experienced increased
pain during intercourse with decreased libido and
spontaneous arousability, and diminished frequency of sexual intercourse and orgasm [26].
However, previous studies by Caruso et al. demonstrated a reduction in genital pain and overall
improvement in sexual function associated with
drespironone-containing oral contraceptives
[27,28]. Yet these studies did not determine a speciﬁc cause for this improvement. Data were
obtained from self-administered questionnaires
and lacked any hormonal measurements or objective functional data, leaving open the possibility
that the improvements in sexual function could
have been due to amelioration of dysmenorrhea or
symptoms of premenstrual syndrome. Further, a
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large survey by Reed et al. did not ﬁnd an association between CHC use and vulvodynia [29]. The
most likely explanation for this disparity is that the
constellation of symptoms that is used to deﬁne
provoked vestibulodynia can be caused by several
different pathophysiological mechanisms, all of
which culminate in tenderness of the vulvar vestibule. The Reed study enrolled patients through
phone interview, and data were collected by subsequent on-line or mailed questionnaires. There was
no direct physical evaluation of patients and no
qualiﬁcation of severity of symptoms. In addition,
the type of oral contraceptive used was not speciﬁed. Reed et al. acknowledged that additional
research is needed and that there could be subgroups of women who may be affected by oral
contraceptive use. Thus, the inconsistent ﬁndings
between our study and those of Reed and Caruso
et al. may be due to the different patient populations and methodologies used.
A strength of this study is that it assessed a
speciﬁc subgroup of women with provoked
vestibulodynia (i.e., those who only developed
vestibulodynia after starting CHC) while excluding women with other possible causes of provoked
vestibulodynia such as hypertonic pelvic ﬂoor
muscles or women who always had provoked
vestibulodynia. Therefore, it was more likely that
the women in this study had provoked
vestibulodynia induced only by CHCs and not by
another cause. Analyzing the results of this study
in combination with the ﬁndings of a recently published study that showed that women who developed provoked vestibulodynia while on CHCs
were successfully treated with topical estradiol and
testosterone [30] presents further evidence that
provoked vestibulodynia may be induced by CHCs
in a predisposed patient population.
In addition, it is common practice even among
physicians to consider all forms of combined hormonal contraception as “the pill.” However, CHCs
are a vastly heterogeneous group of medications
with different synthetic hormonal components in
different dosages. Therefore, studies that do not
control for the speciﬁc type of CHC can miss an
association between speciﬁc types of CHCs and
provoked vestibulodynia. This point is illustrated
by Greenstein and colleagues who found that
women taking CHCs containing only 20 μg of
ethinyl estradiol were more likely to develop provoked vestibulodynia than women taking CHC
with higher doses of ethinyl estradiol [31].
In this study, subjects who were taking CHCs
with progestins other than drospirenone were
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excluded from the hormonal analyses because different progestins affect hepatic production of
SHBG differently. Therefore, by only including
subjects who were using drospirenone-containing
CHCs, we were able to eliminate the potential for
confounding effects due to the differences in the
various progestin formulations found among the
many available CHCs.
One weakness of this study is related to
X-chromosome inactivation. Most women have
random X inactivation, and therefore, the mean
of their two alleles represents a very close
approximation to their real gene expression.
However, some women experience skewed X
inactivation which has been shown to be important in many different diseases such as X-linked
intellectual disability disorders [32]. In the past,
X inactivation was studied by examining AR
methylation as it was thought that if there was
skewed X inactivation, the ratio would be consistent throughout the entire body. However, recent
research has questioned this assumption, and it
now appears that X inactivation can be tissue speciﬁc [33]. As the DNA in this study was obtained
from lymphocytes, it was not possible to determine if skewed X inactivation might have an
effect. To determine if skewed X inactivation
does play a role, one would need to obtain vestibular biopsies in every study subject (an especially daunting prospect in women with provoked
vestibulodynia) and determine the ratio of gene
expression of the two alleles by RNA analysis.
However, as the results of this study revealed an
even greater separation between the two groups
when comparing only the longer of the two
alleles (Figure 3), it is certainly possible that
skewed X inactivation of the shorter allele might
further increase the risk of a woman developing
CHC induce provoked vestibulodynia. Lastly,
another potential weakness of this study is that
almost all participants and controls were Caucasian. This was necessary because CAG repeat
lengths vary signiﬁcantly between different racial
groups, but it may limit the applicability of our
ﬁndings to other ethnicities.
In conclusion, our ﬁndings suggest that CHCs
can induce provoked vestibulodynia in predisposed women. Our data suggest that one predisposing factor is an AR with an increased number of
CAG repeats. Additional genetic studies should be
done on this narrowly deﬁned group of women
to try to identify additional polymorphisms
which may predispose them to develop provoked
vestibulodynia secondary to CHCs.
J Sex Med 2014;11:2764–2771

2770
Corresponding Author: Andrew T. Goldstein, MD,
FACOG IF, The Center For Vulvovaginal Disorders, 3
Washington Circle NW, Suite 205, Washington, DC
20037, USA. Tel: 202-887-0568; Fax: 202-659-6481;
E-mail: obstetrics@yahoo.com
Conﬂict of Interest: The author(s) report no conﬂicts of
interest.
Statement of Authorship

Category 1
(a) Conception and Design
Andrew T. Goldstein; Irwin Goldstein; Mohit
Khera; Lara J. Burrows
(b) Acquisition of Data
Zoe R. Belkin; Jill M. Krapf; Andrew Goldstein;
Weitao Song; Sarah L. Jutrzonka
(c) Analysis and Interpretation of Data
Andrew Goldstein; Noel N. Kim; Mohit Khera;
Irwin Goldstein

Category 2
(a) Drafting the Article
Andrew Goldstein; Noel N. Kim; Zoe R. Belkin;
Jill M. Krapf
(b) Revising It for Intellectual Content
Mohit Khera; Noel N. Kim; Irwin Goldstein; Lara
J. Burrows

Category 3
(a) Final Approval of the Completed Article
Andrew Goldstein; Irwin Goldstein; Noel N. Kim;
Mohit Khera; Jill M. Krapf
References
1 Goldstein AT, Burrows L. Vulvodynia. J Sex Med 2008;5:5–14,
quiz 5.
2 Bouchard C, Brisson J, Fortier M, Morin C, Blanchette C.
Use of oral contraceptive pills and vulvar vestibulitis:
A case-control study. Am J Epidemiol 2002;156:254–
61.
3 Bohm-Starke N, Johannesson U, Hilliges M, Rylander E,
Torebjork E. Decreased mechanical pain threshold in the
vestibular mucosa of women using oral contraceptives: A contributing factor in vulvar vestibulitis? J Reprod Med
2004;49:888–92.
4 Goldstein A, Burrows L, Goldstein I. Can oral contraceptives
cause vestibulodynia? J Sex Med 2010;7(4 Pt 1):1585–7.
5 Bornstein J, Goldschmid N, Sabo E. Hyperinnervation and
mast cell activation may be used as histopathologic diagnostic
criteria for vulvar vestibulitis. Gynecol Obstet Invest
2004;58:171–8.
6 Bohm-Starke N, Hilliges M, Falconer C, Rylander E. Neurochemical characterization of the vestibular nerves in women
with vulvar vestibulitis syndrome. Gynecol Obstet Invest
1999;48:270–5.
7 Foster DC, Hasday JD. Elevated tissue levels of interleukin-1
beta and tumor necrosis factor-alpha in vulvar vestibulitis.
Obstet Gynecol 1997;89:291–6.

J Sex Med 2014;11:2764–2771

Goldstein et al.
8 Farage MA, Singh M, Ledger WJ. Investigation of the sensitivity of a cross-polarized light visualization system to detect
subclinical erythema and dryness in women with vulvovaginitis. Am J Obstet Gynecol 2009;201:e1–6.
9 Witkin SS, Gerber S, Ledger WJ. Differential characterization
of women with vulvar vestibulitis syndrome. Am J Obstet
Gynecol 2002;187:589–94.
10 Glazer HI, Jantos M, Hartmann EH, Swencionis C. Electromyographic comparisons of the pelvic ﬂoor in women with
dysesthetic vulvodynia and asymptomatic women. J Reprod
Med 1998;43:959–62.
11 Rosenbaum TY. Physical therapy evaluation of dyspareunia.
In: Goldstein AT, Pukall CF, Goldstein I, eds. Female sexual
pain disorders. Oxford: Wiley-Blackwell; 2009:27–31.
12 Berglund AL, Nigaard L, Rylander E. Vulvar pain, sexual
behavior and genital infections in a young population: A pilot
study. Acta Obstet Gynecol Scand 2002;81:738–42.
13 Bazin S, Bouchard C, Brisson J, Morin C, Meisels A, Fortier
M. Vulvar vestibulitis syndrome: An exploratory case-control
study. Obstet Gynecol 1994;83:47–50.
14 Johannesson U, Blomgren B, Hilliges M, Rylander E,
Bohm-Starke N. The vulval vestibular mucosa-morphological
effects of oral contraceptives and menstrual cycle. Br J
Dermatol 2007;157:487–93.
15 Burrows LJ, Basha M, Goldstein AT. The effects of hormonal
contraceptives on female sexuality: A review. J Sex Med
2012;9:2213–23.
16 Santos FC, Leite RP, Custódio AM, Carvalho KP,
Monteiro-Leal LH, Santos AB, Góes RM, Carvalho HF,
Taboga SR. Testosterone stimulates growth and secretory
activity of the female prostate in the adult gerbil (Meriones
unguiculatus). Biol Reprod 2006;75:370–9.
17 Africander D, Verhoog N, Hapgood JP. Molecular mechanisms of steroid receptor-mediated actions by synthetic
progestins used in HRT and contraception. Steroids
2011;76:636–52.
18 Hickey T, Chandy A, Norman RJ. The androgen receptor
CAG repeat polymorphism and X-chromosome inactivation in
Australian Caucasian women with infertility related to polycystic ovary syndrome. J Clin Endocrinol Metab
2002;87:161–5.
19 Hietala M, Sandberg T, Borg A, Olsson H, Jernstrom H.
Testosterone levels in relation to oral contraceptive use and the
androgen receptor CAG and GGC length polymorphisms in
healthy young women. Hum Reprod 2007;22:83–91.
20 Chamberlain NL, Driver ED, Miesfeld RL. The length and
location of CAG trinucleotide repeats in the androgen receptor N-terminal domain affect transactivation function. Nucleic
Acids Res 1994;22:3181–6.
21 Sugawa F, Wada Y, Maruyama T, Uchida H, Ishizuka B, Ogata
T. Premature ovarian failure and androgen receptor gene
CAG repeat lengths weighted by X chromosome inactivation
patterns. Fertil Steril 2009;91:649–52.
22 Chatterjee S, Singh R, Kadam S, Maitra A, Thangaraj K,
Meherji P, Modi D, Longer CAG. repeat length in the androgen receptor gene is associated with premature ovarian failure.
Hum Reprod 2009;24:3230–5.
23 Santarosa M, Bidoli E, Gallo A, Steffan A, Boiocchi M, Viel A.
Polymorphic CAG repeat length within the androgen receptor
gene: Identiﬁcation of a subgroup of patients with increased
risk of ovarian cancer. Oncol Rep 2002;9:639–44.
24 Mehdipour P, Pirouzpanah S, Kheirollahi M, Atri M. Androgen receptor gene CAG repeat polymorphism and breast
cancer risk in Iranian women: A case-control study. Breast J
2011;17:39–46.
25 Schildkraut JM, Murphy SK, Palmieri RT, Iversen E,
Moorman PG, Huang Z, Halabi S, Calingaert B, Gusberg A,
Marks JR, Berchuck A. Trinucleotide repeat polymorphisms in

Provoked Vestibulodynia and Polymorphisms of the Androgen Receptor
the androgen receptor gene and risk of ovarian cancer. Cancer
Epidemiol Biomarkers Prev 2007;16:473–80.
26 Battaglia C, Battaglia B, Mancini F, Busacchi P, Paganotto
MC, Morotti E, Venturoli S. Sexual behavior and oral contraception: A pilot study. J Sex Med 2012;9:550–7.
27 Caruso S, Agnello C, Intelisano G, Farina M, Di Mari L,
Sparacino L, Cianci A. Prospective study on sexual behavior of
women using 30 microg ethinylestradiol and 3 mg
drospirenone oral contraceptive. Contraception 2005;72:19–
23.
28 Caruso S, Iraci Sareri M, Agnello C, Romano M, Lo Presti L,
Malandrino C, Cianci A. Conventional vs. extended-cycle oral
contraceptives on the quality of sexual life: Comparison
between two regimens containing 3 mg drospirenone and
20 μg ethinyl estradiol. J Sex Med 2011;8:1478–85.

2771

29 Reed B, Harlow SD, Legocki LJ, Helmuth ME, Haefner HK,
Gillespie BW, Sen A. Oral contraceptive use and risk of
vulvodynia: A population-based longitudinal study. BJOG
2013;120:1678–84.
30 Burrows LJ, Goldstein AT. The treatment of vestibulodynia
with topical estradiol and testosterone. Sex Med 2013;1:30–3.
31 Greenstein A, Ben-Aroya Z, Fass O, Militscher I, Roslik Y,
Chen J, Abramov L. Vulvar vestibulitis syndrome and estrogen
dose of oral contraceptive pills. J Sex Med 2007;4:1679–83.
32 Van den Veyver I. Skewed X inactivation in X-linked disorders.
Semin Reprod Med 2001;19:183–91.
33 Swierczek SI, Piterkova L, Jelinek J, Agarwal N, Hammoud S,
Wilson A, Hickman K, Parker CJ, Cairns BR, Prchal JT.
Methylation of AR locus does not always reﬂect X chromosome inactivation state. Blood 2012;119:e100–9.

J Sex Med 2014;11:2764–2771

