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Abstract

Objective: To examine the influence of sexual arousal on vaginal mucosal inflammatory cytokine
and antibody production in healthy women with and without histories of childhood and/or adult
sexual violence.

Methods: Ninety-one premenopausal healthy women (ages 18-42) attended a single laboratory
session in which they provided vaginal fluid samples before and after viewing one neutral and
one erotic film. While viewing the films, participants’ vaginal sexual arousal was recorded using
vaginal photoplethysmography.

Results: Of the 91 participants, 41 (45%) reported no history of sexual violence, 17 (19%)
reported a history of childhood sexual abuse (CSA) only, 19 (21%) reported a history of adult
sexual assault (ASA) only, and 10 (11%) reported a history of both CSA and ASA, with 4
participants choosing not to provide information on their sexual violence history. For women with
a history of ASA but not CSA, there was a significant increase in vaginal IL-1p following arousal,
while for women with a history of CSA (with or without ASA), there was a significant decrease.
Women without CSA histories had a significant increase in vaginal IgA following sexual arousal,
while women with CSA histories had a decrease.

Conclusion: Sexual arousal possibly plays a role in modifying vaginal immune responses

in young, healthy women. Moreover, these effects may vary depending upon sexual assault
histories, such that relative to women without assault histories, women with a history of early life
sexual trauma showed significantly altered vaginal immune responses following sexual arousal. If
replicated, these findings may help explain the increased risk for sexually transmitted infections
observed among women with sexual assault histories.
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1. Introduction

Sexual trauma, including childhood sexual abuse (CSA), has been extensively linked to
mental, physical, and sexual health concerns (Irish et al., 2010; Mercer et al., 2013;
Pulverman et al., 2018; Zinzow et al., 2012). Much work suggests that female survivors

of sexual trauma exhibit differences in reproductive pathophysiology, including higher rates
of sexually transmitted infections (STIs; Williams et al., 2010), cervical dysplasia (Sadler
etal., 2011), candidiasis (Turchik et al., 2010), and bacterial vaginosis (BV; Cammack et
al., 2011).These disparities in reproductive functioning between women with and without
histories of sexual trauma have historically been attributed to mental health and behavioral
factors. For instance, psychopathology and heightened stress response are emphasized as
mechanisms by which sexual trauma exposure leads to adverse outcomes, including STIs
(Latack et al., 2015). Acute stress is known to downregulate cell-mediated immunity
(Elenkov, 2004), which can compromise mucosal defenses against ST pathogens (Scheidell
et al., 2020) and alter vaginal flora in ways that increase susceptibility to candidiasis and BV
(Meyer et al., 2006; Nansel et al., 2006).

It has additionally been suggested that high rates of STIs among survivors of sexual abuse
are mediated by trauma-precipitated increases in behaviors that increase STI exposure,
including earlier age of partnered sexual debut, condom non-use, transactional sex, and
higher numbers of concurrent sexual partners (Sadler et al., 2011; Stahlman et al., 2014;
Strauss et al., 2011). Sexual trauma survivors may be more likely to use alcohol or drugs
before sex (Cooper, 2010; Walsh et al., 2014), which may also confer particular risk

for infection given that intoxication modulates immune responses (Goral et al., 2008).
Behavioral risk factors are not restricted to partnered sexual activity, as exposure to intimate
partner violence has also been linked to increased vaginal douching (Weisman et al., 2007),
which can cause irritation and increase vulnerability to infection.

As a strength, these studies highlight that not all trauma survivors are affected in the same
way. Some authors have nonetheless critiqued this literature’s reliance on clinical samples
(e.g., those with a diagnosis, or those presenting to outpatient settings for any reason), which
may exaggerate the sequelae of sexual trauma (Bigras et al., 2021; Irish et al., 2010). In

the broader population, psychosocial and behavioral factors add to our understanding of
reproductive pathology but do not fully account for the disproportionate vulnerabilities that
affect survivors of sexual violence. For instance, the nationally representative NESARC
survey reported that mental health diagnoses only partially mediated the link between CSA
and STIs among adult women (Sweet et al., 2013). Similarly, in a large cohort of girls
followed longitudinally from middle school to early adulthood in the Add Health study,
CSA remained a significant predictor of STIs even when depression and risky sexual activity
were included in the models (Fix et al., 2019; Upchurch & Kusunoki, 2004). Thus, behavior
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cannot be the sole mechanism for the association between sexual trauma and increased STI
risk.

One possibility is that sexual trauma — particularly early in life — may influence how the
immune system responds to stressors in the future (Meyer et al., 2006; Tsuyuki et al., 2019).
Individuals with different life experiences may come to exhibit different immune activity in
response to stressors, regardless of the overt psychological or behavioral repercussions of
those experiences. Support for this hypothesis comes from a meta-analysis by Baumeister
and colleagues (Baumeister et al., 2016), which linked childhood trauma in general and CSA
in particular with elevated inflammatory cytokines (specifically, interleukin 6 (IL-6), and
tumor necrosis factor-a (TNF-a.)) later in adulthood.

Additionally, some work suggests that women’s current sexual activity is related to
immune functioning. In one set of studies using saliva samples taken at four points

across the menstrual cycle, women who reported sexual activity with a partner exhibited
decreasing levels of the mucosal antibody immunoglobulin A (IgA) as well as reduced
pro-inflammatory cytokines (including IL-6 and interferon -y (IFN-y) from menses to
ovulation, while women who were sexually abstinent showed little to no change (Lorenz et
al., 2015; Lorenz et al., 2017). These findings suggest that sexual activity modulates immune
parameters in ways that may be conducive to greater fertility. Conversely, women engaging
in regular partnered sexual activity who also had high baseline levels of the inflammatory
marker C-reactive protein showed less physiological arousal in response to a sexual video
in the laboratory (Clephane et al., 2021). It is thus plausible that other aspects of women’s
sexuality, including histories of unwanted sexual activity, relate to immune components of
reproductive tract physiology in response to sexual stimulation.

To better understand how sexual trauma relates to reproductive pathophysiology, we
explored immune markers within the vaginal mucosa of women with histories of CSA,
adult sexual assault (ASA), both, and neither. Specifically, our study investigated how acute
sexual response (as indexed by the degree of change in vaginal blood flow in response to

a sexual film) influenced vaginal inflammation and antibody production among a sample
of women with and without histories of sexual trauma. We assessed four cytokines —
interleukin 1p (IL-1B), IL-6, TNF-a, and IFN-y — as well as the mucosal antibody IgA.
Each of these markers has been shown to be detectable in vaginal fluid (Dezzutti et

al., 2011) and contribute to a variety of obstetric conditions, including susceptibility to
STIs (Archary et al., 2015). In line with sexual trauma affecting how the immune system
responds to subsequent sexual scenarios, we hypothesized that vaginal inflammation would
be similar among study participants at baseline but different following sexual arousal
induction. Survivors of sexual trauma (i.e., those with CSA, ASA, or both) were expected
to exhibit increased inflammation in response to the sexual film, while women with no such
history were expected to show decreases or no change in immune markers. Such findings
would support the hypothesis that trauma exposure affects reciprocal relationships between
women’s sexual and immune functioning, potentially contributing to reproductive health
disparities more generally.
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Methods

Data for the current analyses come from a study conducted in two sites, in the Midwestern
US (n = 51) and the Southeastern US (n = 40), using similar methods and materials
summarized below. 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. Additional information about the project design, analysis plan,
and copies of de-identified data used in these analyses, can be found at the study registration
page at https://bit.ly/3d9JqcZ.

Participants

Participants were recruited via paper flyers and online community boards, social media
advertisements, and online course-credit pools from two universities. Eligibility screens
were conducted via phone and online survey. To be included, participants needed to report
being sexually active with a partner within the last month, some history of visual sexual
stimuli use, and ability to become aroused while viewing heterosexual sexual stimuli.
Participants were excluded if they endorsed chronic physical health conditions, recreational
drug use within the past month, use of medications known to impact either sexual response
or immune function (e.g., psychotropics, antibiotics), or evidence of current urinary tract
infection (UTI) on the day of testing (see Procedure).

The present analyses were conducted using data from healthy, premenopausal females (n =
91) who met the inclusion and exclusion criteria. Of note, some participants (n = 22) were
using hormonal contraceptives at the time of their participation. 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 (Franz et al., 2007) indicated that 40 participants would be sufficient to capture
medium effect sizes (f2 = 0.02 — 0.15) with 80% power.

Procedure

Participants were asked to schedule their study appointment during the self-reported luteal
phase of their menstrual cycle. All sessions were conducted in the afternoon and participants
were asked to abstain from vigorous physical activity (including sexual activity) for 24 h
before their study session to reduce transient changes in vaginal inflammation (e.g., due to
recent exposure to a partner). Participants were given time to ask any questions prior to
starting and thoroughly read the informed consent statement in private. Once participants
agreed to participate, they completed a urine sample, which was tested for human chorionic
gonadotropin (a marker of pregnancy) and UTI using commercially available immunoassay
dipstick tests (Wondfo One Step test strips). As pregnancy and/or UTI would alter our
measures of interest (i.e., immune activation), if participants tested positive for either test,
they were given instruction to follow up with a medical provider and discontinued from
testing that day. Participants with indication of a UTI (n = 8) were invited to reschedule after
receiving care from their primary care physician.
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The researcher measured participants’ height and weight before giving them privacy to
complete the vaginal fluid sample and the first film scale (see below). After removing the
tampon, they were then asked to fit the vaginal photoplethysmograph (detailed below). Then,
participants viewed both a nature video and a sexual video, completed the second film
survey, provided a second vaginal fluid sample, and completed the study survey battery.

2.3. Measures

2.3.1. Audio-visual stimuli—Segments from National Geographic and
abbywinters.com (a women-oriented erotic film site) were selected and edited to be the
neutral and erotic videos, respectively. The nature video (3 min) was always presented first
and included scenes of people hiking, kayaking, and talking about nature. The erotic video
(7 min) included scenes of a heterosexual couple engaging in foreplay, oral sex, and vaginal
intercourse. This order of stimuli presentation is well-validated for inducing sexual arousal
(Velten et al., 2018) while capturing a baseline measurement of vaginal blood flow. Before
and after the audio-visual stimuli, participants completed a validated film scale that assessed
their subjective response to the stimuli, including positive and negative emotions (Heiman &
Rowland, 1983). While subjective response data are presented in detail elsewhere (Clephane
etal., 2022; Jones et al., 2021), we here note that there were no significant differences in
subjective response between women with and without histories of sexual trauma.

2.3.2. Genital sexual arousal measurement—\Vaginal photoplethysmography (VPP)
was used to measure vaginal pulse amplitude (VPA), which is an index of vaginal blood
flow. The VPP has an orange-red spectrum light source encased in a 4.75 cm x 1.25 cm
plastic tube (BIOPAC Systems Inc., Goleta, California). The VPA signal was recorded

at 200 Hz and band-pass filtered (0.5 — 30 Hz) for the entirety of both nature and

erotic audiovisual stimuli. Data were collected with BioPac transducers and amplifiers,

then processed with AcqKnowledge version 4.5 (BIOPAC Systems Inc.). Trained research
assistants reviewed and cleaned data to remove movement artifacts according to standard
protocols (Clephane & Lorenz, 2021).

Percent change in VPA from nature to erotic videos was the primary metric of magnitude of
arousal and was computed for each participant individually. Greater percent change values
correspond with larger increase in blood flow, which was interpreted to indicate greater
sexual arousal. Across participants, the average percent change in VPA was 179.6% (SD =
202.6; range: —100% to 1083%; see Table 1 for averages by group).

2.3.3. Vaginal fluid measurement—To maximize participant comfort, we used a self-
sampling intravaginal tampon collection protocol that has been validated for measurement of
vaginal cytokines and immunoglobulins (Scherpenisse et al., 2013), immunoactive proteins
(Fortenberry et al., 2014; Garcia et al., 2021) and a variety of other diagnostic markers
(Apalata et al., 2020; Sangtani et al., 2019). Before and after the sexual film, participants
were instructed to put on a pair of gloves and insert a small, unbleached rayon tampon.

The tampons remained inserted for a minimum of 10 min (pre-film average time = 14.88
min, SD = 5.97; post-film average time = 15.2 min, SD = 6.57). After this absorption

period, participants removed the tampons and placed them in polypropylene tubes with
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20 mL sterile phosphate buffered saline. These tubes were refrigerated until the end of

the experimental session, then moved to a —80 °C freezer where they were stored until

assay. When preparing for assay, tubes were thawed and weighed. Fluid from tampons was
extracted in a sterile environment into new sterile tubes, which were vortexed to homogenize
the sample. Eluted vaginal fluid was then aliquoted and either run same-day or refrozen at
-80 °C; no aliquot was subjected to more than one freeze—thaw cycle.

2.3.4. Cytokine and immunoglobulin assay—Cytokines (IL-1p, IL-6, TNF-a, IFN-
v) were measured via high-sensitivity multiplex electrochemiluminescence assay with
validated VPLEX kits from MesoScale Discovery (MSD, Rockville Maryland), according
to manufacturer’s instructions and recommendations for testing vaginal fluid (Fichorova

et al., 2008; Taylor et al., 2013). Relative to other common assays used to quantify
cytokines in mucosal samples (e. g., Luminex bead array), electrochemiluminescence assays
have been shown to have superior signal-to-noise ratios, with higher sensitivity and wider
dynamic range (Gunther et al., 2020), allowing us to characterize even very low analyte
concentrations in diluted samples. To further maximize assay sensitivity, we used overnight
incubations at 4 °C for primary incubation steps. Sensitivity of assays as reported by
manufacturer were as follows: IL-1, 0.05 pg/mL; IL-6, 0.06 pg/mL; TNFa, 0.04 pg/mL;
IFN-7, 0.37 pg/mL. Observed sensitivity was good, with lower limit of detections ranging
from 0.11 pg/mL — 0.54 pg/mL. Similarly, inter- and intra-assay coefficients of variance
(CVs) were good (intra-assay: 7.0%-12.41%; inter-assay: 9.75%-13.63%).

Secretory immunoglobublin A (IgA) was measured via high-sensitivity enzyme-linked
immunosorbent assay (ELISA) with validated Kits from Invitrogen (ThermoFisher Scientific,
Waltham, MA) according to manufacturer’s instructions and recommendations for testing
mucosal samples (de Silva et al., 2017; Wu et al., 2000). As above, we used overnight
incubations to improve assay sensitivity. Manufacturer-reported sensitivity of the assay was
1.6 ng/mL; observed sensitivity was good (lower limit of detection = 3.64 ng/ml) and assay
CVs were good (inter-assay: 1.54-2.19%; intra-assay: 3.86—16.82%).

2.3.5. Data preparation and analytic plan—Sexual trauma history was coded from
three items in the self-report survey, which assessed if participants had ever been forced

or coerced into oral, vaginal, or anal sex, genital touching, or other unwanted sexual
experiences. For each question, if the participant indicated any life history, they were then
asked to indicate the age(s) at which this happened. From these data, we coded presence or
absence of CSA and ASA. A history of CSA was coded if there was at least one instance

of unwanted sex prior to age 16, while ASA was coded if there was at least one instance
after age 16. When participants indicated a range of ages rather than discrete instances, these
were coded as representing the minimum and maximum ages indicated by that range (e.g.,
“repeated rapes from 12 to 19” would be coded as representing both CSA and ASA).

Vaginal cytokine and 1gA concentrations were adjusted for individual differences in sample
volumes using dilution factor calculations recommended by Short et al. (2018). We applied a
conservative cutoff for outliers by winsorizing the upper and lower 5% of all data using the
winsor normalization function of the psych package in R (Revelle, 2017); this systematically
addressed both the very high values and undetectably low values (impacting a total of
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35 out of 704 data points). As is typical with immune parameters in healthy volunteers,

both cytokine and IgA values were right-skewed; to address this non-normality, we log-
transformed these values. Finally, approximately 9% of vaginal fluid samples were discarded
due to trace amounts of blood (e.g., due to menstrual spotting) or handling errors (e.g.,

not refrigerated immediately after collection) and 24% of vaginal arousal data was missing
due to excessive movement artifacts or equipment malfunction during the experimental
session. As these data were considered missing at random, we estimated missing data using
multiple imputation with the mice package (van Buuren & Groothuis-Oudshoorn, 2011;

van Buuren et al., 2022). The mice package uses chained equation algorithms to make
successively more informed predictions of missing data using available data (van Buuren

& Groothuis-Oudshoorn, 2011). Data were imputed from the nearest available non-missing
data within a data type (e.g., values missing from individual cytokines were imputed from
the three other cytokines at the same timepoint), specifying 20 imputations as recommended
by van Buuren (van Buuren, 2018). For cytokines and IgA, we conducted separate repeated
measures linear mixed-effect models with subject-level intercepts to account for individual
differences at baseline and time-nested variance. Fixed effects included the effects of time
(pre- vs post-arousal), sexual violence history, degree of change in vaginal blood flow,

and their interactions. Mixed effects models were conducted using the Ime4 and Imertest
packages (Bates et al., 2014; Kuznetsova et al., 2017).

3. Results

3.1. Demographics and baseline characteristics

Participants had an average age of 27.50 (SD = 9.57), and the majority (86%) reported being
in a relationship. Slightly less than half (45%) of the sample reported their race/ethnicity

as white, with 16% Black, 10% Asian, 8% Latinx, and 8% multiracial participants. Full
demographics by group are presented in Table 1. In terms of sexual violence history, 41
participants (45% of total sample) reported no history of sexual violence, 17 (19%) reported
a history of CSA only, 19 (21%) reported a history of ASA only, and 10 (11%) reported a
history of both CSA and ASA, with 4 participants choosing not to provide information on
their sexual violence history. Participants who did not provide sexual violence information
were dropped from analyses that included these measures; however, they were retained

for analysis of vaginal arousal effects on immune parameters. There were no differences
between women with different violence histories across demographics (see Table 1).

There were no differences between women with different sexual violence histories in terms
of vaginal fluid volumes (A3, 157) = 0.55, p= 0.65) or percent change in vaginal blood flow
during sexual arousal (F (3, 65) = 0.66, p = 0.59; see Table 2 for values by group). In other
words, there was no evidence of a significant effect of sexual trauma history on either degree
of genital arousal or lubrication response. All vaginal cytokines were significantly correlated

(Fig. 1).

3.2. Vaginal immune response to sexual arousal

3.2.1. Effects of vaginal arousal on change in vaginal immune parameters—
Across all study participants, for IL-6, TNF, and IFN-vy, there was a significant interaction
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between degree of vaginal arousal and time (IL-6: A1, 86.92) = 13.55, p< 0.001; TNF:
A1, 88.76) = 9.03, p=0.003; IFN: A1, 88.96) = 9.16, p=0.003). For interpretation and
presentation of these interactions, we created a median split of the degree of vaginal arousal
and categorized participants into “high” and “low” categories (Fig. 2a—c). Higher vaginal
blood flow during sexual stimulation was associated with decreases in vaginal cytokines
from pre- to post-arousal, while lower vaginal blood flow was associated with either no
change or moderate increases in vaginal cytokines. Degree of vaginal blood flow did not
predict change in IL-1B (A1, 85.92) = 2.01, p=0.160).

For IgA, there was a significant interaction between degree of vaginal arousal and time
(A1, 87.46) = 4.26, p=0.042) across all study participants. As seen in Fig. 3, there was

a significant decrease in vaginal IgA among women who had lower vaginal arousal, while
women with higher levels of vaginal arousal showed a (non-significant) increase in IgA
following sexual stimulation.

3.3. Effects of sexual violence history on change in vaginal immune parameters

For IL-1B, there was a significant interaction between CSA history and time (A1, 85.58) =
4.94, p=0.029) and between ASA history and time (A1, 85.34) = 5.34, p=0.023). As seen
in Fig. 4a, for women with no history of sexual violence, there was a small (hon-significant)
decrease in vaginal IL-1p from pre- to post-arousal. For women with a history of ASA

but not CSA, there was a significant increase in vaginal IL-1p following arousal, while

for women with a history of CSA (with or without ASA histories), there was a significant
decrease.

For TNF-a and IFN, there was a marginally significant interaction between CSA history,
ASA history, and time (TNF-a: A1, 86.93) = 3.58, p=0.062; IFN-y: A1, 87.54) = 3.62,
p=0.060). As seen in Fig. 4b—c, women with a CSA history had a significant decrease in
vaginal TNF-a and IFN-y following sexual arousal, while women without CSA histories
had either no change or an increase.

Sexual violence history did not predict changes in IL-6 (CSA: A1, 86.39) = 1.36, p=0.247,
ASA: A1, 85.93) = 0.54, p=0.463).

Finally, for IgA, there was a significant interaction between CSA history and time (A1,
86.45) = 4.44, p=0.038). As seen in Fig. 5, women without CSA histories showed

a significant increase in vaginal IgA following sexual arousal, while women with CSA
histories showed a decrease.

4. Discussion

This study examined the influence of sexual arousal on vaginal cytokine production
among women with varying sexual trauma histories. Though results varied, there were
two through-lines: sexual arousal was associated with changes in vaginal cytokine and
IgA concentrations, and those changes were shaped by sexual trauma history. Considering
across women with and without sexual trauma histories, higher levels of arousal were
associated with lower vaginal cytokine concentration and (marginally) higher vaginal IgA
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concentration post-arousal, while lower levels of arousal were associated with increased
cytokine concentration post-arousal and decreased IgA levels. This may have been a
function of the higher baseline cytokine levels observed in women who went on to have
higher vaginal arousal — essentially, becoming aroused brought down the higher levels

of cytokines to similar levels as the women who started with lower baselines. When
considering the effect of sexual trauma histories, those with CSA histories tended to have
different immune profiles post-arousal than those who had ASA histories without CSA
history. CSA was associated with decreased IgA following arousal as well as lower cytokine
levels — which was especially apparent if there was also an ASA history. However, those
with an ASA history without CSA showed increased vaginal cytokines following sexual
arousal.

These results paint a telling picture of sexual arousal’s potential influence on women’s
mucosal immune function. Sexual arousal may induce a coordinated response that reduces
inflammation and maintains antibody-mediated response even as lubrication volume
increases. If so, this would reduce the potential that inflammation in the reproductive tract
would interfere with conception (Lorzadeh et al., 2020), while still providing protection
against STIs. In other words, sexual arousal may stimulate a highly adaptive process that
balances trade-offs between creating a hostile environment to pathogens, while avoiding
the same hostility to sperm or embryo before it has the chance to establish itself in

the uterus. While subtle, this effect would be strongly selected for throughout human
evolution, as arousal would promote the conditions necessary for fertility at precisely the
moment those conditions would be most relevant — namely, following intercourse — while
minimizing the costs of maintaining those conditions. Possibly, these effects are mediated
by sympathetic activation during sexual arousal, as activation of the sympathetic nervous
system is associated with increased heart rate, faster breathing rate, and heightened vaginal
arousal during sexual stimulation (Lorenz et al., 2012).

However, the difference in inflammation profile after arousal for women who have a
sexual trauma history indicates that, for these women, facilitative arousal-induced immune
processes may be disrupted. Childhood trauma and early life stress have been linked to a
number of physiological and psychological disturbances in adulthood, such as autoimmune
conditions and depression (Baumeister et al., 2016; Cattaneo et al., 2015; Chase et al.,
2019; Danese et al., 2017; Geiger et al., 2019). Early trauma often increases stress and
may chronically activate the hypothalamic—pituitaryadrenal (HPA) axis, which can in turn
dysregulate immune activation (Danese et al., 2017). Childhood is an important time for
the development of the adaptive immune system, particularly the mucosal immune system
(Brugman et al., 2015; Zhao & Elson, 2018), thus significant adversity during this time
may negatively impact the development of these systems. In addition to the direct effects
of stress and HPA activation, the adaptive immune system may be influenced by external
biological factors. For instance, a meta-analysis of childhood abuse histories and cytokine
profiles in adulthood found that CSA was associated with a different cytokine profile than
emotional or physical abuse (Baumeister et al., 2016). Specifically, those who had a CSA
history tended to have increased levels of TNF-a and IL-6 (Baumeister et al., 2016). These
results parallel our findings, which also highlight greater levels of TNF-a pre-arousal in
those who had a CSA history. It is possible that during CSA, exposure to another person’s

Brain Behav Immun. Author manuscript; available in PMC 2023 October 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Clephane et al.

Page 10

biological materials (such as semen) paired with stress from abuse teaches the adaptive
immune system a different pattern of association and activation. Further investigations into
the mechanisms that biologically differentiate childhood sexual abuse from other types of
abuse are warranted.

While general cytokine profiles are interesting in and of themselves, this study broadens the
picture of cytokine changes found in vaginal fluid pre- and post-arousal. As the different
groups of participants started at varying baselines, the influence vaginal arousal had on
cytokine recruitment is noteworthy. For women who had a CSA history, pro-inflammatory
cytokines were dampened post-arousal. However, for those with an ASA history but without
a CSA history, IL-1p was significantly increased, while other cytokine profiles showed little
change from pre- to post-arousal. These findings may reflect the different roles that sexual
trauma in early vs. later life played in defining immune response to sexual stimulation.
Early life exposure to sexual stimulation (albeit in an abusive situation) appears to potentiate
some aspects of a pro-conceptive facilitative response (lowering inflammation) but reduces
protection against STIs (decreasing antibodies). Stress calibrates reproductive strategies
across the lifespan, emphasizing early reproduction in girls exposed to early life adversity
even at the expense of long-term health (Del Giudice et al., 2011); tentatively, our findings
may reflect this tendency for CSA survivors to develop more so-called “fast” life history
trajectories (Chisholm et al., 1993). If so, this would explain why sexual trauma experienced
in adulthood had such different effects on arousal-induced changes in vaginal immunity.

It is important to note that our study was designed to recruit a general, healthy population

of women; and yet, one half of the sample reported some form of sexual trauma. In order

to participate in our study, participants had to report that they were not currently distressed
by any sexual trauma history. Further, subjective negative responses to the film such as self-
reported disgust and fear were low and not significantly different between women with and
without trauma experiences (Clephane et al., 2022; Jones et al., 2021). While participants
did not report distress in response to the film, it is possible that women with trauma histories
processed sexual stimuli differently than those without trauma histories at an automatic

or pre-conscious level (Rellini et al., 2011). For example, it is possible that women with
sexual trauma histories attended to different aspects of the sexual stimulus (Latack, Moyer,
Simon, & Davila, 2017; Velten, Milani, Margraf, & Brotto, 2021), subtly changing their
response at a level that did not reach the surface of conscious reporting in our sample. Taken
together, these factors highlight two important things: firstly, that sexual trauma is pervasive
and impacts many people. Secondly, there is something about experiencing sexual trauma,
rather than the current (conscious) experience of distress, driving these effects. Further
research examining the pervasiveness and scale of these discrepancies among distressed and
nondistressed samples is warranted.

4.1. Limitations

Participants were brought into a controlled laboratory environment and the arousal induction
was conducted via a sexual video and (optional) use of a vibrator, thus the generalizability

to partnered sex is unclear. However, evidence of cytokine changes in a controlled laboratory
setting is promising for the potential magnitude of changes exhibited /7 vivo. Along the
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same lines, participants were only given 7 min to become aroused. Though this duration has
been found to be enough time for women to become sufficiently aroused to orgasm through
self-stimulation (Kinsey et al., 1998), it may not be representative of arousal in participants’
solitary or partnered activities. It is possible that an even greater change could be detected
the longer participants are aroused, but this requires further investigation. Additionally, these
participants generally reported most of their lifetime sexual activity was with partners with
penises. Women who are sexually active with men may have different immune profiles in
response to sexual activity than women who have sex with women (Brown et al., 2008).
Our sample was young, healthy, and relatively homogenous in terms of race and ethnicity;
generalizability to a wider diversity of women is unknown. Finally, our immune measures
were enumerative (i.e., concentrations of immune markers) and thus do not necessarily
reflect immune function, future work may examine effects of arousal on microbiocidal
activity or other metrics of immune function. This last point is particularly important

for translation of these findings: we cannot conclude, based solely on these preliminary
data, that the effects of sexual trauma history on vaginal immune response is sufficient to
significantly alter STI susceptibility, fertility, or other meaningful clinical endpoints. Until
these findings have been replicated and extended to such endpoints, caution is needed in
their interpretation.

5. Future directions

In summary, these results shed light on potential immune differences in response to sexual
stimuli which may be influenced by adverse childhood experiences. While these results

are noteworthy, more work examining this phenomenon is warranted. Specifically, there
seems to be an important distinction in the body’s immune response to sexual stimuli

based on CSA and ASA histories. The mechanism behind this differentiation is unclear

and warrants investigation. Future research may also benefit from assessing the influence

of automatic or pre-conscious processing of sexual stimuli in directing immune response.
Perhaps experiencing CSA creates an underlying distress signal that — while not consciously
experienced — could trigger automatic physiological reactions in response to sexual stimuli.
Additionally, replication in settings with greater ecological validity — such as in the context
of partnered sex — is needed. Finally, this line of research would benefit from assessing
functional immune response, and investigating such functional responses as potential
mediators of the disparities in ST rates that have been documented among trauma survivors.

6. Conclusions

Our study points to a possible role for sexual arousal in modifying vaginal immune
responses in young, healthy women. Moreover, relative to women without sexual assault
histories, women with a history of early life sexual trauma showed significantly altered
vaginal immune responses following sexual arousal. Our findings warrant replication in a
broader sample with greater diversity and in response to a wider range of sexual activity,
including partnered sex. If replicated, these findings would point to a novel mechanism by
which CSA is associated with higher STI risk — and highlight the need to develop behavioral
interventions that promote positive sexual well-being as a means of promoting broader
reproductive health.
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Fig. 1.
Correlations between vaginal cytokine concentrations. All values are adjusted for weight/

dilution, and compared to similar timepoints (pre- or post-arousal) within individuals. * p <
0.05; ** p<0.01; *** p<0.001.
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Fig. 2.

a—%:. Changes in vaginal cytokines following sexual stimulation as a function of degree

of vaginal sexual arousal. All values are adjusted for weight/dilution. For presentation we
designated high and low arousal by median split, but analyses all used the continuous
variable of percent change in vaginal pulse amplitude. Higher vaginal blood flow during
sexual stimulation was associated with significant decreases in vaginal cytokines from pre-
to post-arousal, while lower vaginal blood flow was associated with either no change or
moderate increases in vaginal cytokines. There were marginally significant differences at the
pre-arousal timepoint in vaginal TNF and IFN between women who went on to have either
high or low vaginal arousal. T p< 0.1, * p< 0.05; ** p< 0.01; *** p< 0.001, ns = not
significant.
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Fig. 3.

Cr?anges in vaginal immunoglobulin A (IgA) following sexual stimulation as a function of
degree of vaginal sexual arousal. All values are adjusted for weight/dilution. Note that for
presentation we designated high and low arousal as defined by median split, but analyses
all used the continuous variable of percent change in vaginal pulse amplitude. There was a
decrease in vaginal IgA among women who had lower vaginal arousal, while women with
higher levels of vaginal arousal showed a non-significant increase in IgA following sexual
stimulation. T p< 0.1, * p<0.05; ** p<0.01; *** p< 0.001, ns = not significant.
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Fig. 4.

a—?:. Changes in vaginal cytokines following sexual stimulation as a function of sexual
violence history. All values are adjusted for weight/dilution. CSA = Childhood sexual abuse;
ASA = Adult sexual assault. For women with a history of ASA but not CSA, there was

a significant increase in vaginal IL-1p following arousal, while for women with a history

of CSA (with or without ASA histories), there was a significant decrease. Women with

a CSA history had a significant decrease in vaginal TNF-a and IFN-y following sexual
arousal, while women without CSA histories had either no change or an increase. Among
women with ASA histories, there were significant differences at the pre-arousal timepoint in
vaginal IL1p between women with vs without CSA histories. Among women without ASA
histories, there were significant differences in the pre-arousal timepoint in vaginal TNF- a
between women with vs. without CSA histories. T p< 0.1, * p< 0.05; ** p< 0.01; *** p<
0.001, ns = not significant.
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Fig. 5.

Cr?anges in vaginal immunoglobulin A (IgA) following sexual stimulation as a function of
sexual violence history. All values are adjusted for weight/dilution. CSA = Childhood sexual
abuse. Women without CSA histories showed a significant increase in vaginal IgA following
sexual arousal, while women with CSA histories had a significant decrease. T p< 0.1, * p<
0.05; ** p< 0.01; *** p< 0.001, ns = not significant.

Brain Behav Immun. Author manuscript; available in PMC 2023 October 18.
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