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Background: Though many women report sexual arousal difficulties, the mechanisms driving these difficulties are
unclear. Sexual response relies on a host of psychophysiological processes that have bidirectional relationships
with inflammation. Additionally, chronic inflammation may impair genital blood flow, which in turn may impact
sexual arousal. C-reactive protein (CRP) is an acute-phase marker of inflammation produced in response to
cytokine signaling throughout the body, which makes it a useful marker of systemic inflammation.

Aim: The present study examined interactions between inflammation and women’s sexual arousal.

Methods: CRP, self-reported frequency of partnered sexual activity, and subjective and vaginal arousal were
assessed in 91 healthy, pre-menopausal women. Data were collected during a single laboratory session.

Main outcome measures: Subjective sexual arousal and vaginal pulse amplitude (a measure of vaginal arousal)
were the main outcome measures.

Results: Change in subjective sexual arousal in response to a sexual film was unaffected by baseline CRP and
sexual frequency. However, there were significant interactions between inflammation and sexual frequency in
predicting vaginal arousal during the sexual film. Among women reporting more frequent sexual activity, higher
CRP predicted lower magnitude arousal response and longer time to maximum vaginal arousal. Among women
reporting less frequent sex, higher CRP predicted shorter time to maximum arousal and greater magnitude of
arousal response. Controlling for cortisol strengthened the effects seen for time to maximum vaginal arousal but
weakened those observed for percent change.

Conclusions: Among healthy young women, higher CRP may be associated with vaginal arousal, but not sub-
jective sexual arousal. Specifically, our results suggest that higher baseline CRP is associated with lower genital
sexual arousal for women who have sex frequently, which is consistent with clinical evidence that elevated
inflammation can be detrimental to sexual function.

1. Introduction

Low sexual arousal is among the most commonly reported sexual
concerns among women' [1]. Despite apparent associations between
women’s sexual functioning and general physical health [2], existing
research in this area has been largely descriptive rather than mecha-
nistic. Inflammation underlies many chronic illnesses as well as aspects
of sexual response, including motivation for sexual activity, cardiovas-
cular function, and potentially genital arousal [3,4]. The present study

extended prior work showing inflammation as a mechanism by which
the immune and reproductive systems reciprocally influence each other
by examining interactions between inflammatory markers and women’s
sexual arousal.

Broadly, inflammation is an adaptive response from a group of im-
mune processes meant to protect the body from toxins and pathogens
and stimulate tissue repair and rebuilding. Acute inflammation typically
calls on stimulating factors (such as cytokines) that fight harmful agents
and rapidly remove themselves once their job is done [5,6].Though
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advantageous in the short-term, prolonged exposure to inflammatory
agents (e.g., during chronic stress) can become harmful, particularly for
cardiovascular [7] and psychological health [8].

C-reactive protein (CRP) may be a useful index of chronic inflam-
mation relevant to the psychophysiological processes that support sex-
ual arousal. CRP is an acute-phase protein that supports inflammatory
processes (e.g., signaling to other immune agents to dispose of dead
cells; [9]. CRP is produced by the liver in response to signals from cy-
tokines throughout the body, which makes CRP a useful measure of
systemic inflammation, as it allows researchers to capture information
across multiple cytokine systems [7]. CRP is also a downstream marker
and thus particularly helpful for indexing chronic inflammation, as in-
dividual cytokines may act acutely and dissipate while CRP remains
elevated [10]. Usefully, salivary CRP is correlated with blood measures
[11] allowing for minimally invasive measurement of inflammation.

Clinically, CRP has been suggested as a prognostic for cardiovascular
health [12] because increased inflammation contributes to arterial
plaque buildup [13]. Chronic inflammation restricts blood flow by
reducing appropriate blood vessel dilation [13]- a phenomenon that
notably interferes with genital blood flow. The link between erectile
dysfunction and chronic inflammation is so well established that the
American College of Cardiology recommends routine assessment of
men’s sexual functioning to identify cardiovascular disease risk [14]
Accordingly, CRP levels correlate positively with the severity of penile
arterial disease and erectile dysfunction, and men with erectile
dysfunction have higher levels of CRP compared to men without such
conditions [15]. Elevated levels of CRP have also been found to predict
erectile dysfunction in relatively healthy samples of men [4].

There is similar reason to suspect that CRP may capture aspects of
inflammation relevant to women’s sexual functioning [16,17]. Sexual
arousal refers to the acute mental and physical state arising from sexual
stimulation, which involves physiologic changes resulting from activa-
tion of the central nervous system [18], autonomic nervous system [19],
and endocrine system [20]. These changes include increased heart rate,
blood pressure, and vaginal engorgement and lubrication [21]. Condi-
tions associated with chronic inflammation and poor cardiovascular
functioning may lead to disrupted blood flow to the genitals, negatively
impacting sexual arousal in a similar fashion to the poor blood flow
noted in cardiovascular disease [13,22]. Such changes in the arousal
process may or may not negatively impact sexual functioning through
their effects on behavior and subjective sexual satisfaction or distress.
Further support for a bidirectional relationship between women’s
sexuality and immune function comes from reports that partnered sex-
ual activity is associated with lower levels of inflammatory markers,
particularly during fertile phases of the menstrual cycle [23-28].

However, existing literature on immune activity and women’s sexual
function presents several gaps. First, most investigations into the
mechanisms linking the immune system and sexual response exclusively
use male subjects (animals or humans) despite evidence that many of
these mechanisms would also be relevant in females. Moreover, these
studies have conflated experiences such as sexual arousal and orgasm (e.
g., Ref. [29]. Similarly, studies that have investigated inflammation and
sexual arousal have generally not distinguished subjective and genital
arousal measures, despite evidence that these may be quite distinct in
women [30]. While inflammation may also contribute to subjective
arousal (e.g., via interactions with neural centers responsible for reward
processing [31] as well as genital arousal, the mechanisms underlying
these effects are likely very different. To that end, there is also limited
work directly examining the effects of inflammation on vaginal sexual
arousal in humans, although some work in animal models suggests that
inflammatory responses predict poorer clitoral and vaginal blood flow
(see Ref. [17] for review). Finally, research on immune system activity
and sexual response in women have almost exclusively focused on
women with pre-existing conditions (e.g. Refs. [32,33], with little in-
formation from relatively healthy female populations.

What little work has investigated inflammation and women’s sexual
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response has not considered relevant covariates such as frequency of
sexual activity or cortisol. Partnered sexual activity appears associated
with and may mediate reproductively relevant immune trade-offs in
women [24-27]. For example, while women reporting high frequencies
of partnered sexual activity show significant decreases in immuno-
globulin A (a mucosal antibody) as well as interleukin-6 and interferon-y
(pro-inflammatory cytokines) from menses to ovulation, women
reporting low frequencies of sexual activity show the opposite pattern (i.
e., increased production of IgA, IL-6, and IFNy at ovulation; [23-27].
These findings suggest that frequency of partnered sexual activity is a
critical variable to consider in understanding interactions between
women’s immune function and their sexual response. Similarly, few
studies in this area have accounted for the role that cortisol plays in
regulating women’s inflammatory and sexual responses, despite evi-
dence that cortisol may both directly impact women’s sexual arousal
[20,34,35] and regulate acute inflammatory processes [36,37].

The present analysis adds to this literature investigating the link
between inflammation and sexual response in healthy women by
examining CRP, subjective sexual arousal, and objective measures of
physiological sexual response. Participants provided subjective ratings
of sexual arousal before and after watching a sexually explicit film,
during which genital blood flow was recorded with vaginal photo-
plethysmography. We hypothesized that baseline inflammation would
predict state changes in both subjective sexual response and physio-
logical arousal. Given that sexual activity has been suggested to mediate
reproductive immune system trade-offs in healthy women, we further
hypothesized that relationships between baseline CRP and sexual
arousal would be more pronounced among women reporting greater
frequency of sexual activity.

2. Methods

Data for the present study came from a study conducted across two
sites in the Midwestern US (n = 51) and the Southeastern US (n = 40)
using similar methods and materials. Procedures were approved by the
Institutional Review Boards at Indiana University and the University of
North Carolina at Charlotte and all participants provided written
informed consent.

2.1. Participants

Participants were healthy, premenopausal females (n = 91) recruited
via physical and online community boards within their respective
communities, social media advertisements, and online course-credit
pools from two universities. Eligibility screens were conducted over
the phone or online. Participants had to report some history of experi-
ence with visual sexual stimuli and specifically, ability to become
aroused while viewing heterosexual sexual stimuli. Participants also had
to endorse sexual activity with a partner within the past month. Addi-
tionally, participants were excluded based upon chronic health condi-
tions, recreational drug use within the past month, and use of
medications known to impact either sexual or immune function (e.g.,
psychotropics, antibiotics). Sample demographics are presented in
Table 1. A portion of our sample was using hormonal contraception at
the time of their study session (n = 22).

Though the number of participants included across analyses varied
as a function of data completeness (with some participants missing data
on individual variables, see below), linear multiple regression estimates
in G*Power [38] indicated that 40 participants would be sufficient to
capture small to medium effect sizes (f2 = 0.02-0.15) with 80% power.
Incomplete data were mostly attributable to equipment malfunction (n
= 7) during laboratory sessions and potential urinary tract infection
(UTL n = 8) as identified by urine test at the time of the study session.
Notably, no missing data were due to participants withdrawing after
providing baseline measures.
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Table 1
Demographic characteristics of the study sample.

Mean (M) St. Deviation (SD)
Continuous variables
Age in years 23.33 5.09
Body mass index (BMI) 25.95 6.91
Lifetime number of vaginal sex partners 5.12 3.54

Number (N) Percent (%)
Race/ethnicity
European American/White 41 45.1
African American/Black 17 18.7
Asian/Pacific Islander 12 13.2
Latinx/Hispanic 2 2.2
Middle Eastern 2 2.2
Multiracial/Other 8 8.8
Sexual orientation
Heterosexual (0-12.5) 32 35.2
Mostly heterosexual (12.6-37.5) 34 37.4
Bisexual (37.6-62.5) 14 15.4
Mostly homosexual (62.6-87.5) 4 4.4
Homosexual (87.6-100) 3 3.3
Gender of current sexual partner
Male 78 85.7
Female 7 7.7
Typical partnered sexual frequency
Never/less than monthly 2 2.2
Less than weekly 18 19.8
1-2 times per week 34 37.4
3-4 times per week 24 26.4
Daily/near daily 7 7.7
More than daily 2 2.2

Note: Participants reported their sexual orientation as a number between 0 and
100, where 0 was labeled “only heterosexual,” 25 labeled “mostly heterosexual,”
50 labeled “bisexual,” 75 labeled “mostly homosexual,” and 100 labeled “only
homosexual.” For descriptive purposes, these numbers were converted to bins
with value ranges displayed in the table above.

2.2. Procedure

Participants were asked to come to the laboratory session during
their self-reported luteal phase of their menstrual cycle. To limit the
influence of transient elevations in testosterone and cortisol on sexual
arousal and biomarker data, all sessions were conducted in the after-
noons and participants were instructed to refrain from sexual or other
rigorous physical activity for 24 h before the study session. Upon arrival,
participants were greeted and led to a private room within the labora-
tory. The researcher outlined the study protocol in full, allowing time for
questions before leaving participants to read over the informed consent
document in private. Once participants agreed to take part in the study,
they were escorted to the bathroom to complete a urine sample to test
for pregnancy and UTI using commercially available testing strips.
Because pregnancy and UTIs greatly influence hormonal and immune
activation, if the test strip indicated possible pregnancy or UTI, partic-
ipants were either asked to reschedule or compensated for their time and
sent home.

Participants’ weight and height were recorded and then they were
given privacy in the exam room to complete the saliva sample and first
film scale. All participants were instructed on how to collect saliva via
passive drool, and completion times were recorded. Participants were
left alone in a private room and instructed via intercom to fit the vaginal
photoplethysmograph (VPP, see below for details). After watching both
the neutral and sexual stimulus videos, participants completed the film
scale again and provided another saliva sample while they completed
additional surveys. At the end of the study session, community partici-
pants were compensated either $20 in cash and/or given a $20 Amazon
gift card while students were compensated with course credit for their
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time.
2.3. Instruments & methods

Salivary CRP and cortisol. Saliva samples were collected via passive
drool into polypropylene tubes. Participants were asked to not eat,
drink, or chew gum for an hour before their study session. All samples
were frozen immediately after collection and stored at —80 °C until day
of assay. For the present analyses, saliva samples were assayed for CRP
and cortisol using commercially available enzyme-linked immunosor-
bent assay (ELISA) kits. All assays were conducted according to manu-
facturer procedural recommendations (Salimetrics LLC). Inter-assay and
intra-assay coefficients of variance were within acceptable ranges (CRP
= 4.9-12.7%; cortisol = 3.07-11.6%). Serum CRP values of below 1 mg/
L are considered low and healthy, 1-3 mg/L moderately elevated, and
>3 mg/L significantly elevated [39]; the equivalent cutoffs in saliva
have been validated at > 645 pg/mL, 645-1629 pg/mL, and >1629
pg/mL, respectively [40]. Using these metrics, our sample included 85%
low and 15% moderately elevated CRP values.

Participant characteristics. In self-report measures, participants indi-
cated their age and average frequency of vaginal, oral, and anal sex with
a partner. For analyses, the maximum self-reported frequency across all
three sex acts was categorized into one of six ordinal bins ranging from
“never/less than monthly” to “more than daily.” Body mass index (BMI)
was calculated from objective measures of height and weight taken
during the laboratory session.

Audio-visual stimuli. Segments from National Geographic and abbywi
nters.com (a women-oriented erotic film site) were chosen as the neutral
and erotic videos, respectively. The neutral video (3 min) was presented
first and included scenes of humans engaging with nature (e.g., walking
through the woods, kayaking), followed by the erotic video (7 min),
which included scenes of a heterosexual couple engaging in foreplay,
oral sex, and vaginal intercourse, which is a well-validated stimuli
structure for inducing sexual arousal [41].

Adapted Tape-Film Scale. Before and after the video stimuli, partici-
pants completed a 40-item survey assessing a variety of subjective states
[42,43]. Items asked about emotional reactions (e.g., positive and
negative affect) and physiological sensations (e.g., heart and breathing
rates) on a 7-point scale ranging from “not at all” to “intensely.” For the
purposes of this analysis, only changes in pre-to post-film sexual arousal
was considered.

Genital sexual arousal. Vaginal pulse amplitude (VPA) was used as a
measure of vaginal arousal via VPP. The VPP indexes vaginal blood flow,
which makes this measurement particularly useful for the purposes of
characterizing the association between physical sexual arousal and
inflammation. Further, the VPP is currently the gold-standard genital
blood flow arousal measurement tool in women [44]. The VPP is a 4.75
cm x 1.25 cm plastic tube encasing with an orange-red spectrum light
source (BIOPAC Systems Inc., Goleta, California). Signal was recorded at
200 Hz and band-pass filtered (0.5-30 Hz) for the duration of both
neutral and erotic audio-visual stimuli. Data were collected with BioPac
transducers and amplifiers, then processed with Acqknowledge version
4.4 (BIOPAC Systems Inc.). VPA signal was reviewed and cleaned by
trained research assistants according to standard protocols [77] to
remove movement artifacts prior to analyses.

Two primary metrics were computed for each participant for inclu-
sion in analyses: time to maximum VPA signal, with smaller values
indicating shorter latency to that individual participant’s peak blood
flow during the erotic video, and percent change in VPA signal from the
neutral to erotic videos, with greater values indicating a larger increase
in blood flow. These metrics provide insight into both arousability and
magnitude of arousal, respectively. Average latency to peak arousal was
4.364 min (SD = 1.683). Excluding outliers, the average percent change
was 134.535% (SD = 104.927). However, the present analyses were
conducting including all participants’ data, such that the average
percent change was 179.592% (SD = 202.595) overall.
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2.4. Statistics

Across all analyses, we statistically controlled for age and BMI as
these covariates are known to interact with immune and/or sexual
function [45-48]. In addition, given the possible anti-inflammatory in-
fluence of glucocorticoids, we tested models for robustness by con-
ducting analyses with and without salivary cortisol as an additional
predictor (controlling for time since waking). Lastly, preliminary ana-
lyses revealed high outlier values for CRP (n = 4) that were unresolved
by log-transformations or winsorizing. Thus, following other studies of
inflammation markers in healthy women (e.g. Ref. [49]), we binned the
continuous CRP values into quintiles.

We first explored bivariate correlations between all predictors,
covariates, and outcomes of interest. To test our hypotheses, we assessed
if baseline CRP and sexual frequency interacted to predict responses to
watching the sexual film. We conducted mixed linear models to assess
change in subjective sexual arousal from pre-to post-film, entering time
point as a repeated measure and specifying a diagonal covariance
structure. Fit was determined by Akaike information criterion (AIC). To
test genital responses to the film, we conducted sequential regressions
with all covariates entered at the first step, then genital arousal mea-
sures (either time to maximum or percent change in VPA) and their
interaction with sexual frequency in the second step. All analyses were
performed in IBM SPSS Statistics 27, adopting an o threshold of 0.05 for
determining statistical significance.

3. Results

3.1. Associations across demographics
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p = 0.050). However, given that some CRP quintiles had as few as 0, 1,
or 2 women reporting a same-sex orientation or hormonal contraceptive
use, this study was not adequately powered to add these demographic
characteristics into subsequent regression models.

3.2. Hypothesis testing: does inflammation predict women’s subjective
arousal?

We first examined change in self-reported sexual arousal during a
sexual film (Table 3). There was a significant main effect of time on
subjective sexual arousal measures (Fi97 = 123.812, p < 0.001),
whereby ratings of arousal increased from pre-to post-film (estimated
fixed effect = 3.230, standard error = 0.290). There were no significant
main or interaction effects of baseline CRP and sexual frequency in
predicting change in subjective sexual arousal. These results were un-
changed when rerunning the model with cortisol and time since waking
included as covariates, though overall model fit was improved (AIC of
model without cortisol = 344.405; AIC of model with cortisol and time
since waking = 155.464) and a small main effect emerged whereby
women who had been awake for longer exhibited smaller increases or no
change in subjective sexual arousal while watching the film (Fy 33 =
4.452, p = 0.041, estimated fixed effect ~ —0.001, standard error <
0.001).

Table 3

Mixed linear model predicting change in subjective sexual arousal while
watching a sexual film from inflammation, sexual frequency, and relevant
covariates.

Predictor

F Estimate SE t P
Exploratory correlations between all model inputs are displayed in Age 2.270 —0.031 0.020 -1.507  0.135
Table 2. Greater body mass index (BMI) was associated with older age (r BMI 1.095 0.027 0.026 1.047 0.298
= 0.310, p = 0.004), higher baseline CRP concentrations (r = 0.546, p < Time point 123.812*  3.230 0.290 11127 ;001
0.0(.)1),.greater percer%t change in VPA. (r=0.323,p :.0.01 0), and higher Salivary CRP 1.688 —0.149 0114 1209 0197
subjective arousal ratings after watching the sexual film (r = 0.215,p = Sexual frequency 0.903 _0.159 0.167 0950  0.344
0.046). Other covariates (i.e., age, salivary cortisol, time since waking) Time x CRP x 1.583 0.041 0.033 1.258 0.211
were unrelated to inflammation, sexual frequency, and arousal. While frequency
baseline CRP was not correlated with subjective or physiological
arousal, more frequent partnered sexual activity was related to longer The same mixed linear model including cortisol and time since waking.
later}cy tq maximum VPA (r = 0.352, p = 0.004). Finally, there was Predictor F Estimate  SE ¢ »
partial evidence for correspondence between subjective and physiolog-
ical arousal via a positive correlation between post-film subjective Age 0752 ~0.030 0.035 ~0.867. 0.391
1 p : P ) BMI 0.042 0.007 0.035 0.205 0.838
arousal and time to maximum VPA (r = 0.298, p = 0.017) but not Salivary cortisol 1.217 _1.492 1.353 21103 0.277
percent change in VPA. Time since waking ~ 4.452* <-0.001 < —2.110  0.041
Based upon recent literature [50,51], we explored links between 0.001
. . . . . i i ek
sexual orientation, hormonal contraceptive use, and inflammation. Time point 74.632 3.881 0.449 8.639 ;001
B}sexual/lesblgn }/vomen in our sample were more likely to fall into Salivary CRP 0.189 0.080 0.184 0.434 0.666
higher CRP quintiles than heterosexual or mostly heterosexual women, Sexual frequency 0.001 ~0.008 0.253 —0.031  0.975
and this difference was marginally significant (y*> = 9.385, p = 0.052). Time x CRP x 0.212 —0.025 0.054 —-0.460  0.648
Relative to women not taking hormonal contraceptives, those currently frequency
using hormonal contraceptives fell into lower CRP quintiles (X2 =9.471, * significant at p < 0.05, ** significant at p < 0.01.
Table 2
Correlations between all variables included in models.
1. 2. 3. 4. 5 6. 7. 8. 9. 10.
1. Age —
2. Body mass index (BMI) .310%* —
3. Salivary cortisol -.042 277 —
4. Time since waking 191 -.079 -.194 —
5. C-reactive protein (CRP) quintile -.130 .546** .027 -137
6. Typical partnered sexual frequency .014 .158 115 -.100 .024 —
7. Time to maximum VPA .027 121 -.306 .094 -.068 .352%* —
8. Percent change in VPA .169 .323%* .046 173 -.027 .007 .028 —
9. Pre-film subjective arousal -.169 -.002 -.053 .023 .032 -.060 113 -.163 —
10. Post-film subjective arousal .010 .215* .058 -.043 -.009 151 .298* .036 .014 —

* correlation is significant at p < 0.05,

** correlation is significant at p < 0.01.
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3.3. Hypothesis testing: does inflammation predict women’s genital
arousability?

We next examined predictors of genital arousal, as measured by the
time it took for participants to reach their maximum VPA signal
(Table 4). The model that included just covariates (age and BMI) was not
significant (Fo43 = 0.305, p = 0.740, AIC = 50.157, adjusted R? =
—0.033). However, model fit improved when adding inflammation and
sexual frequency as predictors at the second step (Fs543 = 4.613, p =
0.002, AIC = 35.937, adjusted R?> = 0.296). There was a significant
interaction between CRP and sexual frequency in predicting time to
maximum VPA (standardized p = 1.813, t543 = 3.733, p = 0.001).
Higher CRP predicted longer time to maximum VPA for women
reporting frequent sexual activity but shorter time to maximum VPA
among women reporting less frequent sex (Fig. 1). There was also a
significant negative main effect of CRP (standardized p = —1.283, t5 43
= —3.808, p < 0.001) as well as partnered sexual frequency (standard-
ized p = —1.043, t5 43 = —2.678, p = 0.011), such that higher CRP and
more frequent sexual activity each independently predicted shorter la-
tencies to maximum VPA. All effects were weakened to non-significance
by repeating the regressions with baseline cortisol and time since
waking included as covariates (full model Fg 57 = 1.762, p = 0.156, AIC
= 30.724, adjusted R? = 0.145), although cortisol exhibited an inde-
pendent main effect (standardized p = —0.448, tg 27 = —2.302, p =
0.032) such that women with higher cortisol had shorter latencies to
maximum VPA.

3.4. Hypothesis testing: does inflammation predict the degree of women'’s
genital arousal?

Finally, we examined predictors of percent change in VPA from

Table 4
Sequential regressions predicting time to maximum VPA while watching a
sexual film from inflammation, sexual frequency, and relevant covariates.

Step F adjusted Predictor B t p
R2
1 0.305  —0.033 Age —0.011 —0.069 0.945
BMI 0.124 0.762 0.451
2 4.613  0.296 Age 0.117 0.762 0.451
BMI 0.308 1.735 0.091
Salivary CRP —1.283** —3.808 <
0.001
Sexual —1.043* —2.678  0.011
frequency
CRP x 1.813** 3.733 0.001
frequency

The same sequential regressions including cortisol and time since waking.

Step F adjusted Predictor p t P
R2

1 0.985  —0.002 Age —0.077 —0.367 0.717
BMI 0.251 1.173 0.253
Salivary —0.368 —1.795 0.086
cortisol
Time since 0.057 0.284 0.779
waking

2 1.762  0.145 Age -0.178 —0.847 0.406
BMI 0.416 1.595 0.126
Salivary —0.448* —2.302  0.032
cortisol
Time since 0.067 0.360 0.722
waking
Salivary CRP —0.306 —1.292 0.210
Sexual 0.354 1.947 0.065
frequency
CRP x — — —
frequency
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Fig. 1. Time to maximum vaginal pulse amplitude (VPA) in minutes as pre-
dicted by C-reactive protein and sexual frequency. Note: In analyses, sexual
frequency data consisted of six ordinal bins ranging from “never/less than
monthly” to “more than daily.” For visualization purposes, sexual frequency is
displayed as a binary between those reporting partnered activity at a frequency
of weekly or less versus those reporting partnered activity more than once
per week.

Table 5
Sequential regressions predicting percent change in VPA while watching a
sexual film from inflammation, sexual frequency, and relevant covariates.

Step F adjusted Predictor p t P
R?

1 2.456 0.065 Age 0.076 0.486 0.630
BMI 0.299 1.906 0.064

2 5.731  0.360 Age —0.221 —1.494 0.144
BMI 0.381* 2.220 0.033
Salivary CRP 0.883* 2.717 0.010
Sexual 1.423%* 3.786 0.001
frequency
CRP x —1.969**  —4.204 <
frequency 0.001

The same sequential regressions including cortisol and time since waking.

Step F adjusted Predictor p t P
R2

1 0.972  —0.004 Age 0.029 0.141 0.889
BMI 0.331 1.545 0.136
Salivary —0.007 —0.032 0.975
cortisol
Time since 0.192 0.957 0.349
waking

2 0.884  —0.026 Age —0.080 —0.349 0.731
BMI 0.559 1.956 0.064
Salivary —0.064 —0.301 0.766
cortisol
Time since 0.172 0.841 0.410
waking
Salivary CRP —0.316 -1.217 0.237
Sexual —0.048 —0.243 0.811
frequency
CRP x — — —
frequency

* significant at p < 0.05, ** significant at p < 0.01.

* significant at p < 0.05, ** significant at p < 0.01.
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neutral to erotic stimuli (Table 5). As before, the model that included
covariates alone was not significant (F 42 = 2.456, p = 0.099, AIC =
456.773, adjusted R? = 0.065). When adding CRP and sexual frequency,
however, the model fit improved significantly (Fs 42 = 5.731, p = 0.001,
AIC = 443.092, adjusted R? = 0.360). There was again a significant
interaction between CRP and sexual frequency (standardized p =
—1.969, t 5 490 = —4.204, p < 0.001). Higher CRP predicted less percent
change in VPA for women reporting frequent sexual activity but greater
percent change in VPA among women reporting less frequent sex
(Fig. 2). There were additional main effects of baseline CRP (standard-
ized p = 0.883, t 542 = 2.717, p = 0.010) and sexual frequency (stan-
dardized p = 1.423, t542 = 3.786, p = 0.001), which both generally
predicted greater magnitude of change in vaginal arousal. Effects were
again weakened to non-significance by repeating the regressions while
controlling for baseline cortisol and time since waking (full model Fg 27
= 0.884, p = 0.524, AIC = 304.104, adjusted R? = —0.026), neither of
which independently predicted percent change in VPA.

4. Discussion

In the present study, we explored the interactions between inflam-
mation and subjective and vaginal sexual arousal among healthy
women. Though neither inflammation nor sexual frequency were inde-
pendently associated with change in subjective ratings of sexual arousal,
individual differences in these predictors interacted to characterize
changes in vaginal blood flow while watching a sexual film. Specifically,
our results suggest that for women who have sex more regularly, higher
baseline CRP is associated with lower genital sexual arousal (i.e., longer
time to reach peak vaginal pulse with smaller overall percent change),
consistent with clinical evidence that elevated inflammation can be
detrimental to sexual function [22,52-54]. However, contrary to ex-
pectations, higher baseline CRP was associated with greater vaginal
arousal (i.e., shorter time to maximum, greater percent change) among
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Note: In analyses, sexual frequency data consisted of six ordinal bins ranging from “never/less
than monthly” to “more than daily.” For visualization purposes, sexual frequency is displayed as
a binary between those reporting partnered activity at a frequency of weekly or less versus

those reporting partnered activity more than once per week.

Fig. 2. Percent change in vaginal pulse amplitude (VPA) as predicted by C-
reactive protein and frequency of partnered sexual activity.

Note: In analyses, sexual frequency data consisted of six ordinal bins ranging
from “never/less than monthly” to “more than daily.” For visualization pur-
poses, sexual frequency is displayed as a binary between those reporting part-
nered activity at a frequency of weekly or less versus those reporting partnered
activity more than once per week.
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women who have sex less often. In interpreting these findings, it is
important to note that these were healthy women with generally low to
moderate levels of CRP in an absolute sense; thus, these data point to the
subtle ways in which even moderate exposure to inflammation may
interact with women’s sexual response.

That baseline CRP contributed to models of vaginal sexual arousal,
but not subjective arousal, may reflect the broader literature on
inflammation and chronic physical and mental health conditions. In
prior research, associations between elevated levels of inflammatory
markers and psychological outcomes have been most apparent among
more severe mental health disorders such as treatment-resistant
depression and PTSD [55,56]. Thus, we may not have observed signif-
icant effects of CRP on mental sexual arousal because of our relatively
healthy sample; if so, we may expect that CRP would instead more
strongly predict differences in subjective sexual functioning between
women with and without mental health diagnoses. In contrast, while
prolonged exposure to inflammatory cytokine signaling can lead to poor
vascular health and overt disease [7,12,39,57,58], CRP may also index
ongoing acute responses to even low-level tissue stress and/or injury in
individuals without chronic health conditions [59]. It is thus possible
that due to this study’s recruitment of healthy women, CRP demon-
strated associations with physical sexual arousal more so than subjective
report.

CRP’s role in even minor injury repair could help to explain differ-
ences observed between women reporting more regular or infrequent
sexual activity in terms of changes to tissue of the vaginal canal. In
healthy women who are frequently sexually active, CRP concentrations
could reflect the body’s process of tending to micro-tears in vaginal
tissue resulting from sexual acts. For example, intensive exercise causes
a spike in immediate inflammatory agents (e.g., interluekin-6) that
typically lessens within a day or two of recovery [60]. However, pro-
longed or repeated exercise-induced muscle injuries have been found to
cause a five-day increase in circulating CRP levels [61]. Frequent sexual
activity (e.g., several times per week) could thus mimic frequent exer-
cise; if so, micro-tears may be less likely to be adequately repaired before
the next sexual encounter among frequently sexually active women,
leading to elevated baseline CRP and impairments in genital blood flow.
However, minimal research has been invested in vaginal tissue recovery
and subsequent inflammation, and thus it could be beneficial to further
illuminate the links between specific tissue stress and prolonged in-
flammatory responses.

Though we predicted that inflammation would generally disrupt
sexual arousal, higher baseline CRP concentrations were associated with
shorter latencies to maximum vaginal arousal and greater percent
change among women reporting less frequent sexual activity. CRP’s role
in tissue repair could also explain this unexpected trend. Less frequent
sexual activity might pose lower risk of vaginal micro-tears and/or allow
sufficient time between sexual encounters for them to heal, resulting in
less need for CRP to perform tissue repairing functions. Under these
circumstances, lower CRP concentrations might be expected at baseline,
such that the higher CRP levels observed among some less sexually
active women in this laboratory study might reflect other aspects of
physical or psychological functioning. Evidence suggests that there is an
optimal balance of autonomic, neural, and psychological processes
necessary for sexual arousal to occur [18], such that a moderate level of
excitatory activation (e.g., sympathetic nervous system response, anxi-
ety) could potentially facilitate sexual arousal [62,63] among women
with low inflammation levels at baseline.

The specific mechanisms through which inflammation impacts or is
impacted by sexual frequency and arousal, as distinct from other aspects
of sexual function, have yet to be clarified. Existing animal literature
suggests that inflammatory markers are associated with lower interest in
sexual behavior for female rats (though not their male counterparts; [3,
64]. The presence of inflammation may thus cue “sickness behaviors” (e.
g. fatigue, withdrawal), whereby motivation for social activity is
reduced to free up physiological resources for fighting off infection [16].
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In this context, it is important to differentiate sexual desire and
sexual arousal as discrete, albeit interconnected, psychophysiological
processes [18]. Sexual desire may be thought of as a subjective state
reflecting interest in or openness to sexual activity [65]. Though sexual
desire need not be present for sexual arousal to occur [66], it may
promote approach-oriented behaviors from which sexual arousal may
follow. Inflammatory cytokines may modulate neurotransmitter systems
that are implicated in sexual reward and motivation (e.g., dopaminergic
mesolimbic pathway; [67,68]. Dampening of sexual desire due to
inflammation could thus have indirect consequences for sexual arousal
and well-being more broadly. Conversely, arousal can precede desire
[69]. Thus, poor sexual arousal may decrease experiences of sexual
desire. It is also important to note that previous research has demon-
strated only modest concordance between subjective and physiological
sexual arousal in women under a variety of laboratory conditions
(Chivers and Brotto 2017). Such poor coupling may help to explain the
lack of relationship between sexual desire and physiological factors
examined in our study.

4.1. Limitations and clinical implications

These results are presented with several limitations. This was an
exploratory, cross-sectional study, and thus neither directionality nor
causality can be inferred from the effects reported. It is likely that the
association between inflammation and women’s sexual response is
bidirectional and multicausal. For example, recent research has sug-
gested that androgens have play immunomodulatory role and promote
anti-inflammatory properties in the vagina [70], which could be a useful
piece of the psycho-physio-immuno-endocrine puzzle and necessitates
further investigation.

As these were healthy participants with generally low to moderate
levels of CRP, it is likely that we did not capture the effects of high levels
of inflammation that would be observed in a clinical population. In
addition, we were interested in recruiting sexually active participants
free of chronic health conditions, heavy substance use, and medications
that might substantially impact immune function or sexual response.
Also of note, we did not assess participant’s experiences of social stress,
which may impact both CRP and sexual functioning [16]. Assessing
stress related to discrimination may be relevant for understanding how
links between inflammation and sexual function differ across
sexuality-diverse populations. Tentative relationships between CRP,
sexual orientation, minority stress, discrimination, and hormonal
contraception observed in this sample and others [50,51] could be
worthwhile to investigate in a larger sample.

It is worth noting that salivary CRP is a measurement of systemic
inflammation, rather than inflammation in the local vaginal epithelium.
Further research is needed to distinguish the local vs. systemic effects of
inflammation, and how these may influence different aspects of arousal
(subjective vs. genital). Moreover, further specificity in our under-
standing of how inflammatory mediators (such as pro-inflammatory
cytokines) influence specific pathophysiologic processes underlying
poor genital blood flow may reveal underlying pathways to target
clinically.

We did not measure markers of individual differences in genital
vascularization, which may be impacted by chronic inflammation.
Indeed, several studies have suggested that the poorer sexual function
often reported in populations with metabolic syndromes may be driven
by vasculogenic effects associated with chronic inflammation [17]. That
said, the primary focus of the present study was on the effects of
inflammation on the physiologic processes underpinning vaginal arousal
(i.e., blood flow), which can function independently from vasculariza-
tion (e.g., adequate vascularization with poor blood flow). Relatedly,
other measures of genital arousal may reveal different pathways by
which inflammation influences sexual function. For example, the im-
pacts of inflammation on clitoral blood flow may be more likely to
contribute to orgasm dysfunction than the same effects on vaginal
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arousal.

Although our methods for measuring sexual arousal in a laboratory
setting using visual sexual stimuli offered a high degree of control and
precision in our measurements, there are important aspects of partnered
sexual activity that may not have been captured. It is also possible that
continuous measurement of subjective arousal, as opposed to retro-
spective reporting, would have allowed us to examine relationships
more closely between sexual arousal and responsive desire [30]. Future
replication could focus on investigating inflammation markers from the
vaginal epithelium and broadening the scope of women studied, the
kinds of sexual partnerships represented, and the ways in which sexual
desire and arousal are measured.

Based on prior work documenting significant interactions between
sexual activity levels and menstrual phase in predicting women’s
inflammation levels, we scheduled all participant sessions to take place
21-25 days after the self-reported start of each woman’s menstrual cycle
in order to approximate the luteal phase. It is likely that associations
between inflammation and sexual response may differ at other points of
the cycle. In particular, prior work has suggested a curvilinear pattern of
CRP across the menstrual cycle, with lowest levels around ovulation and
peaks in the late luteal phase [71]. Moreover, this pattern differs in
women with different levels of sexual activity, with greater variability
across the menstrual cycle at higher sexual frequencies [25-27]. Thus, it
is reasonable to expect that the association between CRP and sexual
arousal would be smaller at ovulation than the luteal phase data re-
ported here; however, this speculation must be tested directly.

Controlling for cortisol did not meaningfully change results with
respect to subjective sexual arousal and weakened predictions of vaginal
response. These results suggest that glucocorticoids might more strongly
interact with variation in physiological rather than psychological state.
However, cortisol has been reported to relate to self-reported sexual
functioning over longer durations (e.g., past month [20]), such that
associations between cortisol, inflammation, and sexual function might
be better clarified outside of the laboratory context. Similarly, recent
studies have suggested that women diagnosed with low sexual desire
differ from their healthy counterparts on both transient measures of
cortisol (e.g., cortisol awakening response, single time-point measure-
ments like the one used in the present study) as well as more global
measures of HPA axis functioning (e.g., diurnal cortisol slope [72,73]).
Just as our decision to study healthy women may have obscured asso-
ciations between CRP and subjective sexual arousal that might other-
wise be observable among women with significant mental health
complaints, future investigations of cortisol’s role in
psycho-immunological interactions might be aided by including women
with sexual disorders.

Our findings have implications for clinical interventions aimed at
improving sexual function. The apparent link between inflammation
and physiological sexual arousal underscores the importance of a
multidisciplinary approach to the assessment and treatment of sexual
dysfunction, particularly for women with health conditions character-
ized by chronically high levels of inflammation. Behavioral in-
terventions designed to lower levels of inflammation in the body
through healthy lifestyle changes, such as regular exercise and a
balanced diet, have been shown to improve sexual dysfunction in men
(e.g., Ref. [74]. Such interventions likely would have a positive impact
on women’s sexual functioning through similar mechanisms. One study
found that the Mediterranean diet reduced CRP and improved overall
sexual functioning in women with metabolic syndrome [75]. Additional
research on women’s sexual function and immune activity may even-
tually enable physicians to make more accurate predictions about the
sexual side effects expected from medical treatments, such as estrogen
replacement therapy, which has been shown to influence levels of
inflammation in the body [76].
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5. Conclusions

Our findings suggest that higher levels of CRP may predict vaginal
sexual arousal, but not subjective sexual arousal; moreover, these as-
sociations appear to differ as a function of frequency of partnered sexual
activity. These findings may be impactful for those who have chronic
illnesses associated with higher baseline CRP levels, though replications
in both healthy and clinical populations are needed. It is encouraging
that relatively simple interventions, such as changes in diet, can help
alleviate chronic inflammation and subsequent symptoms. However,
more research is required to fully examine the association between in-
flammatory processes and female sexual function.
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