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Abstract

Background—Antidepressants can impair sexual arousal. Exercise increases genital arousal in
healthy women, likely due to increasing sympathetic nervous system (SNS) activity.

Purpose—Test if exercise increases genital arousal in women taking antidepressants, including
selective serotonin reuptake inhibitors (SSRIs), which suppress SNS activity, and selective
serotonin and norepinephrine reuptake inhibitors (SNRIs), which suppress the SNS less.

Method—Women reporting antidepressant-related sexual arousal problems (A=47) participated
in three counterbalanced sessions where they watched an erotic film while we recorded genital and
SNS arousal. In two sessions, women exercised for 20 min, either 5 or 15 min prior to the films.

Results—During the no-exercise condition, women taking SSRIs showed significantly less
genital response than women taking SNRIs. Exercise prior to sexual stimuli increased genital
arousal in both groups. Women reporting greater sexual dysfunction had larger increases in genital
arousal post-exercise. For women taking SSRIs, genital arousal was linked to SNS activity.

Conclusions—Exercise may improve antidepressant-related genital arousal problems.

Keywords

Antidepressant side effects; Sexual arousal functioning; Exercise; Sympathetic nervous system
activity

Introduction

Antidepressant medications are the most common treatment for depression and anxiety in
the USA [1]. Women present for treatment of depression more often than men and are twice
as likely to be prescribed antidepressants for the same complaints [2, 3]; an estimated one in
six American women has been prescribed an antidepressant [4]. About 85% of
antidepressants prescribed are selective serotonin reuptake inhibitors (SSRIS) or selective
serotonin and norepinephrine reuptake inhibitors (SNRIs) [4].
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All antidepressants are associated with sexual side effects. Approximately 96% of women
taking antidepressants report at least one sexual side effect [5] of which 20-50% qualifies as
a distinct clinical problem [6]. Both SSRIs and SNRIs are associated with disruption of
sexual desire, genital arousal, and delay or loss of orgasm. In addition to the negative impact
on quality of life, sexual side effects are one of the biggest threats to treatment adherence
[7]. Despite this, there are few empirically validated treatments for sexual side effects that
do not impact therapeutic efficacy [8]. One of the most common treatments prescribed to
women experiencing sexual side effects is sildenafil [9], which appears to improve orgasm
latency but not sexual desire, mental sexual arousal, lubrication, or overall measures of
sexual functioning [10]. Similarly, bupropion, another drug commonly prescribed to
counteract sexual side effects, has shown mixed results in randomized clinical trials, with
some reporting improvement [11] and others not [12]. Even in the few cases where
augmentation is effective, each additional drug carries its own side effect burden and
increases cost of care [13].

It has been suggested that genital arousal and orgasm side effects of SSRIs are linked to
peripheral nervous system adrenergic pathways [14], particularly to changes in sympathetic
nervous system (SNS) activity following antidepressant treatment [15]. Serotonin has an
inhibitory effect on norepinephrine [16], particularly that of serotonergic 1A and 2 C
receptor-linked inhibition of sympathetically controlled blood vessels [17] and other
peripheral nervous system outputs [18, 19]. A number of studies have confirmed that SSRIs
suppress SNS activity, particularly norepinephrine release [20] and sympathetic muscle and
vascular nerve firing [21]. Both SSRIs and SNRIs have a facilitatory effect on serotonin,
which in turn may inhibit norepinephrine and suppress SNS activity; however, SNRIs may
counteract this inhibitory effect by directly facilitating norepinephrine availability [22]. As
SNS activity mediates vaginal sexual arousal [23], this suggests one possible mechanism for
genital arousal side effects. Specifically, there is a curvilinear relationship between levels of
SNS activity and genital arousal in women [24]: Moderate SNS activation is associated with
higher vaginal sexual arousal than very high or very low SNS activity. This may also help
explain why SNRIs (which have less suppression of SNS activity) are associated with lower
rates of genital arousal and orgasm side effects than SSRIs (which have greater suppression
of SNS activity) [15].

If women are taking medications that suppress the SNS, it is possible that genital arousal
would be similarly suppressed. This is not to say that sexual side effects are due solelyto
SNS suppression—there are many systems through which antidepressants may affect sexual
functioning—hbut rather that SNS suppression may contribute to sexual side effects and thus
be a focus for intervention. Moreover, targeting the SNS is less likely to interfere with the
(presumably) central nervous system mechanisms responsible for antidepressant effects.
Independently activating the SNS prior to sexual activity may be a relatively unobtrusive
and inexpensive intervention for sexual side effects.

Only one prior study has attempted to use SNS activation as a means of treating sexual
arousal side effects. In this study, 19 women receiving sertraline, paroxetine, or fluoxetine
participated in an 8-week, randomized, crossover, placebo-controlled, at-home trial to
determine if ephedrine, an adrenergic agonist, alleviated SSRI-induced sexual side effects
[25]. In a reanalysis of the data, Ahrold and Meston [26] compared the effects of ephedrine
on sexual side effects in the women taking either fluoxetine, which has secondary properties
as a weak norepinephrine reuptake inhibitor [27-29] with the sexual side effects seen in the
women taking sertraline or paroxetine, which do not act as norepinephrine reuptake
inhibitors. The women taking sertraline or paroxetine had greater improvement of genital
arousal and orgasm (relative to placebo) with ephedrine than did women taking fluoxetine.
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In the present study, we replicated an exercise manipulation previously used in women not
taking antidepressants to increase SNS activity and vaginal sexual arousal [30, 31] in order
to further test the potential efficacy of SNS activation on vaginal sexual arousal side effects
in women taking antidepressants. We chose to use exercise as our method of SNS activation
as it has been shown to increase genital arousal in women and is an inexpensive, easily
accessible intervention that would not be expected to interfere with the main effects of
antidepressants or have significant adverse effects.

Meston and Gorzalka [30, 31] used 20 min of moderately intense exercise (stationary
cycling) to induce SNS activity and measured genital sexual arousal under three conditions
—5, 15, and 30 min post-exercise. Women’s genital arousal was significantly and
marginally increased 15 and 30 min post-exercise, respectively, and marginally decreased at
5 min post-exercise. Based on the notion of a curvilinear relationship between SNS
activation and genital arousal in women, the authors speculated that, for healthy women, the
high level of SNS activation at 5 min was too high to facilitate sexual arousal [30]. In the
current study, we hypothesized that, as women taking serotonergic antidepressants are likely
to have suppressed SNS tone, their genital arousal would be greater at 5 min post-exercise
than at 15 min. Moreover, women who have experienced a greater impact of antidepressants
on genital arousal, that is, those reporting the greatest genital arousal dysfunction, would
likely have the most room for improvement and thus demonstrate the largest effects of such
an intervention. While previous reports have documented improved sexual function in
depressed women using exercise over a period of several weeks [32], these studies did not
investigate the immediate impact of exercise on sexual response, and as noted, exercise may
have an acute effect.

In summary, we had the following hypotheses. We hypothesized that as in the Meston and
Gorzalka studies, women’s genital sexual arousal would be greater post-exercise relative to
a no-exercise control. In contrast to the Meston and Gorzalka studies, however, we
hypothesized that the increases in SNS activity at 5-min post-exercise would be associated
with greater genital arousal than those seen at 15-min post-exercise. As SSRIs may have a
greater SNS suppression effect than do SNRIs, we expected women taking SNRIs would
show beneficial effects of exercise on genital arousal but to a lesser extent than those taking
SSRiIs. Finally, we predicted that those women who reported higher levels of genital arousal
dysfunction, regardless of medication class, would have a greater increase in genital arousal
post-exercise than those who reported less severe problems. Although we measured mental
(i.e., self-reported, subjectively experienced) sexual arousal, we did not make specific
hypotheses regarding the effects of exercise on mental sexual arousal. While it is possible
that the facilitation of genital arousal would translate into heightened mental sexual arousal,
previous studies using this paradigm did not find significant increases in self-reported sexual
arousal [30, 31], and laboratory studies of this nature show modest synchrony of measures
of genital and self-reported sexual arousal [33].

Participants were recruited from the community via advertisements posted online, in local
newspapers and flyers that outlined the sexual nature of the experiment. Interested
participants completed a phone screening for major inclusion and exclusion criteria.
Inclusion criteria were: heterosexual or bisexual female aged 18 years or older, taking an
SSRI or SNRI, and currently sexually active. Exclusion criteria were: use of other
medications known to affect sexual or vascular functioning, with the exception of hormonal
contraceptives; use of more than one antidepressant or any other psychoactive medications;
body mass index (BMI) over 40 kg/mZ; any injury or medical condition that would preclude
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exercising (e.g., untreated exercise-induced asthma); medical conditions likely to affect
genital arousal (e.g., recent surgery to pelvic or reproductive organs); fewer than three
menstrual periods in the last 6 months for any reason other than continuous use of hormonal
contraceptives; current levels of clinically significant depression or anxiety; or distress due
to history of sexual trauma. Participants also completed a clinical interview to confirm the
presence of sexual side effects. Specifically, participants were asked about their sexual
function in four areas (desire, mental and genital arousal, orgasm, and pain) with follow-up
questions regarding the onset, severity, frequency, and distress or impairment associated
with each side effect. Participants had to report that effects first appeared, or were
significantly worsened, within no less than 1 week and no more than 12 weeks of starting an
antidepressant. Although all participants reported genital arousal side effects, not all were
distressed about these effects, and thus not all participants qualified for a DSM-/V-TR
diagnosis of sexual dysfunction [34].

Each participant completed three counterbalanced experimental conditions (see
“Procedures”). All participants were oriented to the study procedures during their first
laboratory visit and gave informed consent. Participants then completed a fitness assessment
in which we measured their height, weight, two measures of resting heart rate (HR) and
blood pressure (which were averaged), and waist and hip circumference. From these
measures, we calculated BMI and waist-to-hip ratio. To reduce the risk of injury during the
exercise conditions, we excluded participants who had three or more of the following
measurements: a BMI over 40 kg/m2, a waist-to-hip ratio over 0.9, average resting HR over
90, average systolic blood pressure over 140, or diastolic blood pressure over 95; these
measures have been shown to significantly predict risk of adverse events during exercise
[35]. Two women were excluded based on these criteria. From these data, we also calculated
the participant’s maximum HR using the equation recommended by Gellish et al. [36].

There were three experimental conditions, one no-exercise control condition and two
exercise conditions (see Fig. 1). Sessions took place within a 2-week period, and no session
took place during the participant’s menstrual period. All procedures took place in a private,
internally locked room with an intercom between the researcher and participants. During the
no-exercise condition, participants watched a neutral and then erotic film while their HR
was recorded by electrocardiograph, genital arousal by vaginal photoplethysmograph, and
mental sexual arousal by self-report questionnaire. In one of the exercise conditions,
participants ran on a treadmill for 20 min at 80% of their maximum HR, waited 5 min, and
then watched a similar neutral-erotic film sequence. The other exercise condition was
identical with the exception that participants waited 15 min before viewing the films.

Stimuli included three counterbalanced films: a 3-min neutral segment followed by one of
three 10-min erotic films depicting a heterosexual couple engaging in foreplay, cunnilingus,
and vaginal intercourse. To standardize epochs across stimuli types, physiological measures
were calculated from responses to the entire 3-min neutral film and the last 3 min of the
erotic films. Erotic segments were female-centered, commercially available films and have
previously been shown to elicit genital arousal in women [37, 38].

Physiological Assessments

At the beginning of each experimental session, a researcher instructed the participants in
how to position a vaginal photoplethysmograph and attach wires for an electrocardiograph,
cleaned the electrode sites, and placed electrocardiograph electrodes for participants.

Ann Behav Med. Author manuscript; available in PMC 2013 June 01.
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Physiological Sexual Arousal—Genital arousal was assessed using vaginal pulse
amplitude, which was sampled continuously throughout the film sequences with a vaginal
photoplethysmograph. Vaginal pulse amplitude reflects phasic changes in vaginal blood
flow and is specific to sexual arousal [39]. Larger amplitudes reflect higher vaginal
engorgement and thus greater sexual arousal; because there is no absolute zero point for this
measure, each participant served as her own control. The vaginal photoplethysmograph
signal was recorded using BIOPAC hardware and software (BIOPAC Systems, Inc., Santa
Barbara, CA, USA) and was band-pass-filtered to remove noise. Visible movement artifacts
were removed manually, as per previous studies of this nature [40-42]. Differences were
computed between the peak and trough of each pulse and averaged separately for neutral
and erotic segments. Percent change between the neutral and erotic segments was calculated
for each condition.

Heart Rate Variability—As a manipulation check on SNS activation, we measured heart
rate variability (HRV). The parasympathetic nervous system (PNS) and SNS interact to
regulate HR. Respiration briefly interrupts PNS influences on HR, causing temporary
fluctuations in the beat-to-beat intervals termed respiratory sinus arrhythmia. At rest, when
the PNS is dominant, respiratory sinus arrhythmias are prominent in HR and can be easily
detected. When the heart is put under stress, the PNS withdraws (and the SNS becomes
more active) and respiratory sinus arrhythmia become less prominent. Variability in HR is
thus thought to reflect the balance of PNS and SNS activity. Specifically, it is thought that
low-frequency components of HR waveforms represent influences of both SNS and PNS,
while high-frequency elements represent just the PNS. Thus, one index of SNS activity is
the ratio of power in low and high-frequency bands of HR signal [43]. Higher values of this
measure represent higher SNS activity (relative to PNS activity).

Heart rate was measured continuously during film presentations at a rate of 200 samples/s
with a three-lead electrocardiograph with BIOPAC hardware and software. Beat-to-beat
intervals were collected using a peak finder function, and the low frequency/high frequency
ratio for the neutral and erotic segments were calculated using Kubios HRV Analysis
Software (Biosignal Analysis and Medical Imagine Group, University of Kuopio, Kuopio,
Finland). As with vaginal pulse amplitude, we calculated the percent change between the
neutral and erotic segments for each condition.

Self-Report Assessments

Mental Sexual Arousal—Mental sexual arousal was measured before and after the films
using the Film Scale, a 41-item questionnaire of mental sexual arousal, sexual desire, and
positive and negative affects [44]. We conducted a factor analysis of scale items in the no-
exercise control session. A three-factor solution was supported by a Scree plot and explained
66.1% of the total variance; these three factors appeared to assess mental sexual arousal/
desire (25 items), negative emotion (11 items), and perception of non-sexual arousal such as
increased HR (three items). With regard to the sexual desire/arousal factor, sexual medicine
experts have recently argued that there is significant overlap between women’s mental
sexual arousal and desire, noting that women use the terms interchangeably [45], and there
is a high comorbidity of female desire and mental sexual arousal disorders [46]. For both the
mental sexual arousal/desire and perception of non-sexual physical arousal factors, we used
difference scores between pre- and post-film administrations.

Sexual Functioning—GIobal sexual functioning and genital arousal functioning were
measured with the Female Sexual Function Index (147), a validated 19-item questionnaire
with six domains: desire, arousal, lubrication, orgasm, satisfaction, and sexual pain. We used
the lubrication domain as our index of genital arousal function as lubrication is strongly
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correlated with vaginal vasocongestion [48]. The Female Sexual Function Index has been
shown to differentiate between women with and without sexual arousal dysfunction [47]. A
total score of 26.5 or below indicates clinically relevant sexual dysfunction [49]; cutoffs
specific to genital arousal dysfunction have not yet been established.

Demographics—We assessed the participant’s age, ethnicity, type of antidepressant
medication, level of education, and length of current sexual relationship.

Daily Screener—~Participants filled out a questionnaire each day that they participated.
This questionnaire assessed use of nicotine or non-antidepressant prescription drugs (e.g.,
allergy medications), time of last meal or vigorous exercise, and any significant stressor that
day. Out of the total 141 sessions conducted, 25 included non-antidepressant drug use within
an hour of the session, a meal within 2 h, or more than 5 min of vigorous exercise within 2 h
of the session; no participant indicated a significant stressor experienced that day. Analyses
were conducted excluding these 25 sessions; results did not significantly change, thus
analyses reported include all data.

Sample Characteristics

A total of 50 women were enrolled in the study; of these, three did not complete all
conditions, leaving a final sample of 47 women. The SSRI group included women taking
fluoxetine (8), paroxetine (2), sertraline (13), or citalopram (9). The SNRI group included
women taking duloxetine (11) or venlafaxine (4). Participants had a mean age of 29.04
(SD=7.93 years) and were predominantly Caucasian (77%) (see Table 1 for further
demographics).

Group Differences

Women taking SNRIs were significantly older than those taking SSRIs [1, 46], /=11.05,
p<0.01, and thus age was used as a covariate for all group comparisons. No other
demographic was significantly different between groups. Total sexual functioning (as
measured by the Female Sexual Function Index) and lubrication domain scores were higher
in the SNRI than SSRI group, although this difference was not statistically significant (see
Table 1).

To compare the non-exercise level of genital arousal across groups, we conducted an
ANOVA with percent change in vaginal pulse amplitude during the no-exercise condition as
the dependent variable, group (SSRI, SNRI) as the independent variable, and age as a
covariate. Women in the SSRI group had a significantly lower genital response (average
change between neutral and sexual stimuli= 19.2%) than did women in the SNRI group
(average change=37.9%), A1, 44)=4.54, p<0.05. Similarly, women taking SSRIs had less
change in HRV between neutral and sexual films (average change=54.0%) than did the
women taking SNRIs (average change=78.9%) in the no-exercise control, A1, 44)=11.05,
p<0.05. In other words, women

Physiological Measures

SNS Activation—There was a significant effect of session on HRV, A1, 45)=6.38,
p<0.05. Follow-up contrasts confirmed that participant’s change in HRV was significantly
greater in the 5 min post-exercise condition than the 15 min post-exercise condition, which
in turn was higher than the no-exercise control condition, indicating that our manipulation
incrementally increased SNS activity.

Ann Behav Med. Author manuscript; available in PMC 2013 June 01.
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For the SNRI group, there were no significant associations between HRV and genital
arousal. However, for the SSRI group, there was a significant correlation between HRV and
genital arousal for the 5 min post-exercise condition, /=—0.69, p<0.05, and the 15-min post-
exercise condition, /=-0.46, p<0.05. (A negative percent change in the low frequency/high
frequency ratio post-exercise would indicate higher SNS activity in the erotic segment than
the neutral, as the neutral films were presented first.) Thus, increased SNS activity was
associated with increased genital arousal for the SSRI group only, at both 5 and 15 min post-
exercise.

Genital Arousal—We first conducted a repeated-measures ANCOVA with genital sexual
arousal (vaginal pulse amplitude) during each condition (no-exercise control, 5 min post-
exercise, and 15 min post-exercise) as the repeated measure, age as a covariate, and group as
a between-subjects variable. There was a significant main effect of condition on genital
arousal, A2, 42)=4.11, p<0.05 (see Fig. 2). Follow-up contrast tests revealed that genital
arousal was significantly increased in the two exercise conditions relative to the no-exercise
control, A1, 43)=8.63, p<0.05; moreover, genital arousal was significantly higher 5 min
post-exercise than 15 min post-exercise, A1, 43)=3.20, p<0.05 (see Fig. 3). The interaction
between condition and group was not significant, A2, 43)=0.16, p=0.85.

Following recommended procedures for testing interactions between covariates and
repeated-measures effects [50], we then completed another ANCOVA, identical to the first,
but including the Female Sexual Function Index lubrication domain factor as an additional
covariate. There was a significant interaction between condition and lubrication function on
genital arousal, A1, 43)=7.06, p<0.05, such that these effects were amplified in women
reporting higher levels of genital arousal dysfunction (see Fig. 4).

Psychological Measures

We used the same statistical design as with genital arousal measures for analyzing the
effects of exercise on self-reported sexual arousal. There were no significant main effects or
interactions. To test for the general relationships between dependent variables, we calculated
correlations for each condition using the two Film Scale factors (mental sexual arousal and
perception of non-sexual physical arousal) and the two physiological variables (vaginal
pulse amplitude and HRV). We adjusted for potential type | errors using the Sidak alpha-
level correction (i.e., only pvalues< 0.0102 were considered significant). The correlation
between mental sexual arousal and vaginal pulse amplitude was significant in the no-
exercise control and 15 min post-exercise conditions (/=0.26, p=0.01 and r=0.29, p<0.01,
respectively), but not for the 5 min post-exercise condition, /=—0.09, o=ns. For the 5 min
post-exercise condition only, there was a significant correlation between mental sexual
arousal and perception of non-sexual physical arousal (/=—0.29, p<0.01) such that women
who noticed more non-sexual physical arousal reported less mental sexual arousal to the
film.

Discussion

This was the first study to document that acute exercise improves genital arousal in women
taking serotonergic antidepressants. While preliminary, these findings suggest that exercise
may help treat antidepressant-related female genital arousal dysfunction.

We found support for our hypothesis that SSRIs dampen both SNS activity and genital
arousal more than SNRIs. The arterial vasculature that supports vaginal vasocongestion (i.e.,
genital arousal) is controlled largely by sympathetic innervation (for a review, see Carmeliet
et al. [51]): Following stimulation of norepinephrine B, receptors, vaginal arteries become
relaxed, allowing blood to pool.1 In the peripheral nervous system, serotonin inhibits release
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of norepinephrine (for a review, see Gothert et al. [17]), and thus SSRIs may reduce
vasocongestion, leading to lower genital arousal. Because SNRIs increase both free
serotonin and norepinephrine, it is possible that there is less net effect on genital arousal.
Exercise may act as an amplifier, increasing the synaptic availability of norepinephrine for
subsequent genital response. For both groups, exercise increased genital arousal, as in
women not taking antidepressants [30, 31]; however, women taking SSRIs had relatively
suppressed arousal (both SNS and genital) during the no-exercise control condition. In other
words, SNS activation increased genital arousal in women taking SSRIs to that of those
taking SNRIs, suggesting that the effect was partially mediated by norepinephrine. The
relationship between HRV, an objective measure of SNS activity, and genital arousal also
suggests a meditational role for norepinephrine. For women taking SSRIs only, the
increased genital arousal associated with exercise was correlated with SNS activity. The
same was not true for women taking SNRIs, possibly because they did not need as much of
an SNS boost. It should be noted that, without direct comparison, we cannot know with
certainty if these gains are larger than those experienced by women not taking
antidepressants.

There was a significant interaction between the effects of exercise and genital arousal
functioning, such that those women who benefited most were those who reported the
greatest genital arousal dysfunction. This suggests that clinically, exercise may be a useful
prescription for vaginal arousal problems secondary to antidepressants. While exercise is
known to improve sexual functioning by way of enhancing general physical health, body
image [53], and positive mood [54], it appears there may be additional benefit of exercising
directly before sexual activity in that SNS activation could boost subsequent genital arousal.

Women’s self-reported sexual arousal did not appear to increase with exercise. This implies
that the effect of exercise on genital arousal was not due to misinterpretation of general,
non-sexual arousal as sexual. In fact, 5-min post-exercise, mental sexual arousal was
negatively correlated with self-reported non-sexual physical arousal, suggesting that
participants’ attention may have been diverted from their genitals to non-sexual cues, thus
diminishing the mental experience of sexual arousal. Women with sexual arousal problems
are more likely to become distracted by non-sexual cues and disengage from physical
sensations [55], a phenomenon identified by Masters and Johnson as “spectatoring” [56].
While the erotic film was a sufficient stimulus to trigger genital arousal, it may not have
diverted attention from non-sexual cues. If so, we would expect that, given more intense
stimuli (such as a sexual partner) or a more active role (such as engaging in sexual activity),
the effects of exercise on genital arousal would translate into mental arousal as well. Given
these results, we would recommend that a holistic treatment for sexual side effects would
include not only the exercise intervention outlined here but also psychoeducation or therapy
targeted specifically to mental sexual arousal concerns.

This study had some limitations. We tested only pre-menopausal women; there is evidence
that post-menopausal women do not experience increases in genital arousal following SNS
activation [57]. Similarly, we included women who were and were not taking hormonal
contraceptives. While hormonal contraceptive use does not appear to impact vaginal pulse
amplitude [38], our measure of genital arousal, nor HRV [58], it has been shown to impact
sexual function in some women [59]. We did not control for non-SNS effects of exercise.
Exercise may have an indirect impact through increasing positive mood [60]. However, this
is unlikely, as we did not see significant positive effects of exercise on self-report measures.

Istimulation of other NE receptors, particularly the a1 receptors, generally causes vasoconstriction; however, there is evidence that in
sacral nerves such as those innervating the genital vasculature, the effect of Bo-related blood vessel dilation is far stronger than that
ofa1-related constriction [52].
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Similarly, it is possible that exercise acted through a non-SNS neurological mechanism. For
example, exercise may modestly increase production of nitric oxide [61], a neurotransmitter
associated with relaxation of genital blood vessels. While there was some evidence that SNS
activity played a meditational role, other potential mechanisms cannot be ruled out. We did
not distinguish between women taking different doses of the same medication in our
analyses. It is likely that women taking higher doses of antidepressants would experience
larger side effects, and thus larger gains in genital arousal post-exercise; however, our
current sample is insufficiently powered to investigate this level of inquiry. Finally,
translational studies will be needed to determine the effectiveness of acute exercise as an
intervention in a clinical environment. In particular, the present study examined only women
with adequate treatment response who had stabilized on their antidepressant dose and type.
It would be helpful to know if this intervention works similarly well in women who are first
starting antidepressants, when side effects are most frequently expressed.

We found that, for women taking antidepressants, exercise enhanced genital sexual arousal.
There was some evidence that SNS activity mediated these effects, particularly for women
taking SSRIs. During a no-exercise control, women taking SSRIs had lower genital arousal
and SNS response to sexual stimuli than those taking SNRIs, suggesting that SSRIs may
suppress SNS activity and thus genital arousal. We also found that exercise-induced
increases in genital arousal were greatest for those women reporting the lowest sexual
arousal functioning. Although preliminary, these findings support the prescription of
exercise for antidepressant-related vaginal arousal dysfunction. In addition, this study
supported a novel hypothesis as to a mechanism of sexual arousal side effects of
serotonergic antidepressants: SSRIs may impair norepinephrine-mediated vaginal
vasocongestion. Due to their action on norepinephrine, SNRIs may have a lesser net effect
on women’s genital arousal.
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Fig. 1.

Experimental timeline. Note: “Pre-lab” time included informed consent procedures and
fitness assessment (if that was the first time the participant was in the lab), or re-orientation
to the procedures for that day (if they had attended a previous session). “N” indicates the 3-

minute neutral video
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Fig. 2.

Effects of exercise on women’s genital sexual arousal. Mote: SSRI: selective serotonin
reuptake inhibitor; SNRI: selective serotonin and norepinephrine reuptake inhibitor
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Fig. 3.

Relative increase in women’s genital sexual arousal between no-exercise control condition
and exercise conditions. Note: SSRI: selective serotonin reuptake inhibitor; SNRI: selective
serotonin and norepinephrine reuptake inhibitor
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Fig. 4.
Interaction between sexual arousal functioning and genital arousal by condition
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