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ARTICLE INFO ABSTRACT

Keywords: Much evidence on heightened inflammation and social behavior focuses on social withdrawal. Building on recent
Imefper_sonal relationships theory (Muscatell and Inagaki, 2021), we focused instead on the socially affiliative experience of sex. We
?Ag‘“’anm{ investigated the interplay between immunology and motivation on sexual well-being among 158 individuals in
nflammation

romantic relationships. Inflammation, indexed by C-reactive protein (CRP), and sexual well-being were measured
multiple times over a month. Relational approach motivation (i.e., motivation toward rewards in relationships)
was measured at study entry. Results revealed significant associations between CRP and sexual satisfaction and
partnered orgasms frequency for those most motivated to approach rewards with their partner. Interaction ef-
fects were replicated with relationship-focused psychological correlates of sexual well-being (e.g., touch, shared
laughter, social support), but not with individual-focused outcomes (e.g., adapting to change, goal progress). This
is one of the first human studies to demonstrate the body and mind coordinate to promote satisfying sexual
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experiences within romantic relationships.

Humans have sex for many reasons, including to experience plea-
sure, reduce stress, promote a relationship, and reproduce (Meston and
Buss, 2007). In fact, people who are predisposed to seek out positive
aspects of and experiences in their relationships (i.e., approach moti-
vated, Gable, 2006; Gable and Impett, 2012) may be more psycholog-
ically motivated to engage in relationship-promoting behaviors, like sex.
The body may also influence sexual activity via arousal, hormone levels,
and even inflammation. However, how biological and motivational
systems work together to coordinate sexual activity and sexual well-
being within romantic relationships is not well understood.

Most work on inflammation and “sickness behavior” has focused on
social withdrawal (Dantzer and Kelley, 2007; Eisenberger et al., 2010;
Hennessy et al., 2014; Kelley et al., 2003), but recent theory and evi-
dence suggest this may not always be so. Specifically, when the social
response is directed toward a close other, heightened inflammation may

be associated with approaching or affiliating with them (Eisenberger
et al., 2017; Hennessy et al., 2014; Muscatell and Inagaki, 2021). In the
only known studies testing this idea, higher inflammation predicted
greater self-reported desire to be near a support figure (Inagaki et al.,
2015) and was associated with faster reaction time to approach a photo
of a close other (Jolink et al., 2022), greater reports of momentary social
connection (e.g., felt support) with a close other (Jolink et al., 2024),
and more frequent use of social media to interact with others (versus for
entertainment; Lee et al., 2023). A recent social network study found
that higher inflammation was associated with developing new positive
(not conflicted) friendships, over time (Kornienko et al., 2022). In sum,
people experiencing heightened inflammation may be specifically
motivated to affiliate with someone they love and trust, such as a close
other (Muscatell and Inagaki, 2021). We hypothesize this could extend
to sexual intimacy between romantic partners.
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For those in high-quality romantic relationships, having sex repre-
sents an opportunity to connect and affiliate (Meston and Buss, 2007;
Schwartz and Young, 2009). However, indices of sexual well-being—-
frequency of sex, frequency of partnered orgasms, sexual sat-
isfaction—are unique psychological experiences within romantic
relationships that predict different outcomes (Frederick et al., 2017;
Haning et al., 2007). Having more frequent sex and consistent orgasms is
generally associated with greater sexual and relationship satisfaction
(Frederick et al., 2018; Haning et al., 2007). Furthermore, each sexual
well-being dimension uniquely predicts benefits (e.g., sexual frequency,
Yabiku and Gager, 2009; sexual satisfaction, Lawrance and Byers, 1995;
partnered orgasms, Frederick et al., 2017). Thus, the current study ex-
amines how inflammation may be related to the multifaceted, affiliative
experience of sex between romantic partners.

Prior work has examined associations between inflammation and
sexual activity and dysfunction. The association may be reciprocal. First,
having sex may “activate” the immune system (Charnetski and Brennan,
2004). Alternatively, inflammation can influence sexual health, by
serving as a risk factor of sexual dysfunction in males (e.g., penile
vascular disease, Bank et al., 2003; erectile dysfunction, Yao et al.,
2012), contributing to dysregulated sexual desire and arousal in females
(Clephane et al., 2021; for review, see Lorenz, 2019), and fluctuating
naturally across the female menstrual cycle (Lorenz et al., 2015, 2017,
2018). Altogether, inflammation in the peripheral body seems to play a
role in healthy sexual functioning (Calmasini et al., 2019), but little
work has studied the link between inflammation and multiple indices of
sexual well-being among healthy, sexually active individuals in
romantic relationships or what relational factors that be particularly
important to this association.

Individual differences in motivation could be a potential moderator
of the association between inflammation and sexual well-being. In fact,
humans have social motivational systems that work to direct social
behavior, including toward close others (Gable, 2006; Gable et al.,
2000). One of those systems motivates approach social goals, which are
those oriented toward rewards or positive outcomes within social re-
lationships; relational approach motivation is orthogonal to avoidance
motivation, which orients individuals away from negative outcomes in
relationships (Gable, 2006; Gable and Impett, 2012). Greater approach
motivation toward one’s romantic partner has been associated with
positive relationship outcomes, including better conflict resolution
(Kuster et al., 2017) and experiencing greater positive emotions after
positive interactions with a partner (Don et al., 2022). Additionally,
having sex to satisfy approach-oriented goals, such as wanting to feel
connected to or demonstrate love/affection toward a partner, is gener-
ally better for the immediate sexual experience and long-term rela-
tionship quality (Cooper et al., 2011; Impett et al., 2005; 2008; Muise
et al., 2017). Thus, relational approach motivation may be an important
facilitator of any association between inflammation and sexual well-
being.

1. The current study

We first aimed to extend new theorizing on inflammation and affil-
iation with close others (Muscatell and Inagaki, 2021) by testing the
hypothesis that levels of systemic inflammation would be positively
associated with sexual well-being with a romantic partner. Next, we
examined relational approach motivation as a moderator of this asso-
ciation; these tests were exploratory as we did not have specific pre-
dictions about how approach motivation and inflammation would
interact. Using a sample of individuals in established romantic re-
lationships, this study employed a repeated measures within-subjects
design in which inflammation and psychological experiences were
measured multiple times over one month. C-reactive protein (CRP), a
fluctuating, acute phase protein, was the marker of inflammation
measured from dried capillary blood (Pepys and Hirschfield, 2003).
Sexual well-being was measured on multiple self-reported dimensions:
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sexual frequency, sexual satisfaction, and partnered orgasm frequency,
all from the prior month. Unpartnered orgasm frequency was measured
to test discriminant validity (i.e., relationship-specific orgasms versus
orgasms motivated by solo sexual/physical pleasure; Das, 2007; Her-
benick et al., 2023).

Having sex also shares features with many relationship-promoting
activities (Algoe, 2019). To better understand the psychological un-
derpinnings of the effects, we explored if CRP and relational approach
motivation interacted to predict other experiences psychologically
similar to sex: relationship-promoting behaviors (i.e., affectionate
touch, shared laughter, expressed gratitude; Jolink and Algoe, 2024),
perceived social support from the partner (Sarason et al., 1987), and
individual positive behaviors (e.g., adapting to change, volunteering).

2. Open practices statement

The data and code for this study can be found on OSF [https://osf.
io/upqg8/?view_only=c6d282a06c6e4a3eb04811e26fe87d97]. There
is not a preregistration for this study.

3. Methods
3.1. Participants

One hundred fifty-eight individuals (84 % female sex assigned at
birth; 16 % male sex assigned at birth; age range = 18-55) who were
above the age of 18 and below the age of 60 and had been in a
committed, exclusive romantic relationship for at least six months
participated in a one-month study in the fall/winter of 2017 (Algoe,
2022a). See Table 1 for full characteristics of this convenience sample.
Participants were recruited from the community around Chapel Hill,
North Carolina, U.S.A., using flyers, listserv emails, and other recruit-
ment sites in the local community (e.g., Researchmatch, join-
theconquest). Exclusion criteria focused on pre-existing conditions or
health behavior known to alter inflammation and included being preg-
nant or nursing (within the past six months), having arthritis, rheuma-
toid arthritis/joint problems, diabetes, an immune or autoimmune
disorder (e.g., HIV), a disease of the endocrine system (e.g., Cushing’s
Disease), a sleep disorder, or a psychiatric disorder other than depres-
sion or anxiety. Participants were also ineligible if they currently/
regularly took anti-inflammatory medication (e.g., low-dose aspirin,
Ibuprofen, Tylenol), smoked tobacco, or consumed six or more alcoholic
drinks in one sitting at least twice a week. Additional details on the
original study procedure can be found in Jolink et al. (2023).

An a priori power analysis conducted using G*Power revealed a
target sample size of 153 participants was estimated to provide 80 %
power to detect a medium effect (f = 0.25); power analysis accounted for
all (up to eight) predictors in the model when testing for two main ef-
fects, an interaction, and controlling for five covariates.

3.2. Procedure

All procedures were performed in compliance with relevant laws and
the study was approved by the institutional review board prior to
commencing (UNCCH IRB#17-2353, approved on 10/13/2017).
Following an initial screening questionnaire in which eligibility was
assessed, initial consent was obtained from participants. Participants
completed a study in which they attended three in-lab appointments
every two weeks over the course of one month (i.e., first lab visit; second
lab visit two weeks after first visit; third lab visit four weeks after first
visit). All in-lab appointments followed the same procedure; blood was
collected at each visit. Specifically, after participants’ height and weight
were measured, the experimenter pricked their finger with a small
lancet, and a few drops of blood were collected for later assay (see
Measures below). Then, participants completed a questionnaire on a
private laboratory computer. Twenty-four hours prior to the first and
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Table 2
Assessment timepoint for each main and exploratory study variable.
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Table 1
Characteristics of Sample (N = 158).
M (SD) % (n)

Age 24.70 (7.56)

Female Sex Assigned at Birth 84 % (135)
Regular menstrual cycle 65 % (104)
Birth control use 51 % (80)

BMI 23.27 (3.9)

Race/Ethnicity’

Black/African American 9.3 % (15)
East Asian 8.7 % (14)
Hispanic 3.7 % (6)
Latino 3.1 % (5)
Middle Eastern 0.6 % (1)
South Asian 6.2 % (10)
Southeast Asian 0.6 % (1)
Pacific Islander/Native Hawaiian 0.6 % (1)
White/Caucasian 75.2 % (121)

Education Level”

High school graduation or equivalent 5.6 % (9)

Some college 49.4 % (79)
College graduation 30.0 % (48)
Professional/post-graduate degree 15.0 % (24)

Relationship status

Dating casually 1.3% (2)
Dating exclusively 74.7 % (118)
Engaged 5.7 % (9)
Married 17.7 % (28)
Other’ 0.6 % (1)

Relationship length (in months) 44.6 (53.44)

Median = 28

CRP visit 1 (ug/ml) 0.92 (1.35)

CRP visit 2 (ug/ml) 1.09 (1.55)

CRP visit 3 (ug/ml) 0.93 (1.49)

Note. Sample was limited in the number of males, racial and ethnic minorities,
and older adults represented.

! Groups are not mutually exclusive as participants could endorse more than
one race/ethnicity.

2 We note education level may be confounded with age in this sample (r =
0.71, p < 0.001).

3 Participants who answered ‘other’ then had the opportunity to specify what
type of romantic relationship they were in; no one provided additional
information.

third in-lab visit, participants received a pre-lab survey they completed
from home. The in-lab survey included questions about recent health
behaviors that might influence measurement and levels of inflammation
and a weekly personal and romantic relationship check-in that was
administered each week of the study. The pre-lab survey assessed more
stable, trait-level well-being and social/relational variables (e.g.,
approach and avoidance motivation), and individual demographics.

After the first lab visit (N = 158), nine participants did not attend
their second lab visit two weeks later (N = 149). Two additional par-
ticipants did not attend the third lab visit or complete the accompanying
pre-lab survey (N = 147).

Self-report measures relevant to the current study were assessed at
various timepoints. See Table 2 for administration overview of each
measure and how many participants completed each time point.

3.3. Measures

3.3.1. C-reactive protein (CRP)

Inflammation was measured using assays of CRP taken from dried
blood spots. CRP is not static, and it fluctuates in response to inflam-
matory stimuli and psychosocial factors in everyday life (Pepys and
Hirschfield, 2003). CRP measurement collected from dried blood spots
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Measure name Assessment timepoint

Pre-lab
survey 3
N =147

Pre-lab
survey 1
N =158

Visit 1
N=
158

Visit 2
N=
149

Visit 3
N =
147

Approach/avoidance X
motivation

C-reactive protein

Primary outcomes: Sexual well-being
Sexual satisfaction X
Frequency of sex
Frequency of

partnered orgasm

Discriminant validity outcome
Frequency of
unpartnered orgasm

Exploratory outcomes'
Affectionate touch
5 5-item weekly
touch
! 1-item weekly
touch
Shared laughter
8 general laughter
" weekly laughter
Expressed gratitude
(weekly)
Perceived social
support
Individual positive
behavior

Xs Xy Xy Xs Xy

Xg

1 See Supplemental Material for full item information.

shows excellent correspondence with CRP collected from venipuncture
(McDade et al., 2004). To collect the drops of blood, a participant’s
finger was swabbed with an alcohol wipe and punctured with an 18-
gauge needle. Blood drops were collected on a Whatman 903 Protein
Saver Card and cards were dried for 24 h. Once the samples had dried,
blood spots were punched using a 3 mm Biopsy Punch (Henry Schein)
and stored in microcentrifuge tubes at —80 °C until data collection was
complete and the full sample was ready for assay. Samples were then
shipped on dry ice to the Analytical and Development Laboratory at the
Ohio State University (https://ccts.osu.edu/content/ccrm-cre-analytic
al-specimen-labs) for analysis. For assay, a single 3 mm punch was
thawed and 200 uL of buffer (phosphate-buffered saline with 0.1 percent
Tween 20) was added followed by overnight (~16 h) incubation at 4 °C
while shaking at 60 rpm. The following morning, eluate was diluted 1:10
and CRP was assayed according to the manufacturer’s instructions using
Meso Scale Delivery Vplex Plus Kits (K151STG), which is a high sensi-
tivity assay. Across all 12 plates, the intraassay coefficient of variation
(CV) was 1.95 %; the interassay coefficient of variation was 3.24 %.>
One blood sample was not collected from one participant who did not
provide the final blood sample. Finally, two CRP values that were
greater than 10 pg/ml were removed from analyses, as values above 10
are often indicative of an acute infection (Pearson et al., 2003). All CRP
variables were log-transformed before analyses (log-transformed: My
= —0.39, SDyisir1 = 0.57; Myisio = —0.33, SDyisit2 = 0.59; Myisirs = —0.39,
SDyisies = 0.59; raw/unadjusted: M,si;1 = 0.92, SDyii11 = 1.35, rangeyisity
= 0.01-6.61; M2 = 1.09, SDyisiiz = 1.55, rangeyisiz = 0.01-9.12;
Myisits = 0.93, SDvisit3 =1.4, rangeyisits = 0.0179.57).

2 Intraassay CV refers to the variation between sample replicants within one
assay plate (i.e., datapoint consistency). Interassay CV refers to the variation
between sample replicants on different plates (i.e., plate-to-plate consistency).
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3.3.2. Relational approach/avoidance motivation toward the romantic
relationship

Approach motivation toward the partner/relationship was measured
using the six-item relational approach subscale from the twelve-item
approach-avoidance motives scale (Elliot et al., 2006). Following the
prompt, “how much of your commitment to your current relationship is
based on each of the following reasons?”, participants answered items
such as, “I want to continue having fun with my partner” and “I want to
continue giving support to my partner” on a scale from 1 (not at all) to 7
(very much). Relational approach motivation items were averaged to
form a composite (M = 6.27, SD = 0.88, a = 0.89); higher scores indi-
cated those with higher motivation to approach the rewards of one’s
romantic relationship.

Participant’s relational avoidance motivation toward their partner/
relationship was measured on the same 7-point scale with the remaining
six items (e.g., “I don’t want to be alone”). Relational avoidance items
were averaged to form a composite (M = 3.79, SD = 1.95, a = 0.94);
higher scores indicated higher motivation to avoid the consequences of
one’s relationship.

3.3.3. Frequency of sex

Frequency of sex was measured with the following item, “how many
times did you have sex with another person in the past month?” (M =
7.91, SD = 8.43, min = 0, max = 45, mode = 0).°> Two values were more
than 3 SDs above the mean; the two values were winsorized to the value
of 3 SDs above the mean for analyses and retained in the dataset.”

3.3.4. Sexual satisfaction

Current sexual satisfaction was assessed using an adapted global
measure of sexual satisfaction (GMSEX, Lawrance and Byers, 1995).
Following the prompt, “please rate your sex life on the following di-
mensions,” participants rated five 7-point bipolar scales on the di-
mensions bad (1) — good (7), unpleasant (1) — pleasant (7), negative (1) —
positive (7), unsatisfying (1) — satisfying (7), worthless (1) — valuable (7).
The five items were averaged to form a composite of sexual satisfaction,
where smaller numbers reflected less sexual satisfaction and bigger
numbers reflected greater sexual satisfaction. Scale items were reliable
in our sample at each time point (a visit 1 = 0.95, a visit 3 = 0.93). At the
first lab visit, five participants were missing data on this variable (M =
5.81, SD = 1.22). At the third lab visit, no participants were missing data
on sexual satisfaction (M = 5.93, SD = 1.14). There were five values
greater than 3 SDs below the mean (3 from the first lab visit and 2 from
the third lab visit); the values were winsorized and retained in the
dataset for analyses.

3.3.5. Frequency of partnered orgasms

Participants reported the number of partnered orgasms they had in
the prior month: “how many orgasms- with a sexual partner- did you
have in the past month?” (M = 5.57, SD = 6.85, min = 0, max = 30,
mode = 0, missing data = 2). Three values were more than 3SDs above
the mean (i.e., greater than 26 partnered orgasms in the prior month).
Those values were winsorized for analyses and retained in the dataset.

3.3.6. Discriminant validity: frequency of unpartnered orgasms
Participants reported the number of unpartnered orgasms: “How

3 Because of how this item was worded, participants were not specifically
asked about frequency of sex with their current romantic partner. However, due
to the fact that being in an exclusive (i.e., monogamous), committed romantic
relationship was an inclusion criterion for the study, we feel safe in assuming
the majority of participants were responding about their sexual activity with
their romantic partner. This is an important methodological limitation of the
study.

* Henceforth, any winsorizing replaced the outlying value with the value of 3
SDs above the sample mean of the relevant scale.
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many orgasms- without a sexual partner- did you have in the past
month?” (M = 4.99, SD = 6.35, min = 0, max = 30, missing data = 2).
Three values were more than 3 SDs above the mean (i.e., greater than 24
unpartnered orgasms); those values were winsorized for analyses and
retained in the dataset.

3.3.7. Exploratory outcomes
See Table 2 for procedural information about exploratory measures.

3.3.7.1. Affectionate touch. Participants reported on the overall affec-
tionate touch with their partner from the prior week with one item: “My
partner and I have had positive/warm physical contact this week (e.g.,
touching, holding hands, hugging, cuddling).” Average levels of weekly
affectionate touch were above the midpoint across the three time points
(M = 4.28, SD = 2.20). See SM for details about an additional self-
reported touch measure.

3.3.7.2. Shared laughter. Participants also reported on the extent to
which they engaged in shared laughter over the prior week with the
following item, “My partner and I frequently shared moments of
laughter this past week” (Algoe and Fredrickson, 2019). On average,
weekly shared laughter scores were above the midpoint (M = 4.74, SD =
1.42). See SM for information about a general shared laughter measure.

3.3.7.3. Expressed gratitude. Expressed gratitude toward the partner in
the prior week was measured with: “I expressed gratitude to my partner
this week.” Average levels of weekly expressed gratitude across the three
measurements were above the midpoint (M = 4.81, SD = 1.29).

Due to an administrative error, weekly touch, laughter, and gratitude
were measured from 0 (not at all) to 6 (very much) at visit 1 and 3 but
measured from 1 (not at all) to 7 (very much) at visit 2. The visit 2
measure was recoded to be consistent with visits 1 and 3.

3.3.7.4. Perceived social support from the partner. Perceived social sup-
port from the partner was measured using a brief 7-item measure of
social support (Sarason et al., 1987). Scale items included, “to what
extent can you count on this person to listen to you when you are very
angry at someone else?” and “to what extent could you count on this
person for help with a problem”. The first six items were assessed on a
scale from 1 (not at all) to 7 (very much). The final item, “overall, my
partner takes good care of me”, was measured from 1 (disagree strongly)
to 5 (agree strongly). Items were standardized before an average of
perceived social support from the partner was computed for each time
point (visit 1: M = 0.0, SD = 0.79, missing = 0; visit 3: M = 0.0, SD =
0.84, missing = 1). Reliability was high across scale items at each time
point (a visit 1 = 0.90; a visit 3 = 0.93).

3.3.7.5. Individual positive behaviors. Each week, participants also re-
ported on the extent to which they engaged in a suite of positive indi-
vidual behaviors. Items included, “I adapted to change well this week”, “I
made progress on the goals I set out to accomplish this week”, and “how
often did you voluntarily help or assist people other than your partner
this week?” An administrative error also occurred with these measures,
such that at each assessment they were measured on a different time-
scale (always from not at all to very much). This measure was standard-
ized, and the three items were averaged at each timepoint.

3.3.8. Covariates

All analyses controlled for sociodemographic and health factors
known to affect inflammation (O’Connor et al., 2009). Specifically, all
analyses accounted for participant’s biological sex, age, BMI, based on
participant’s height and weight measured at the first lab visit, whether
they were on birth control (yes: n = 80, 51 %), or had taken over-the-
counter medication for cold, flu, or any infection within 24 h of their
in-lab appointment (yes: n visit 1 = 8; n visit 2 = 14, n visit 3 = 10). We
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also conducted additional models controlling for antihistamine use (n =
20, measured at study baseline) and day-of NSAID use (NSAID use visit 1
n =1, visit 2 n = 3, visit 3 n = 6); see SM for measurement information
and results with these covariates.

Consistent with our standard practice (Jolink et al., 2023), we
explored an additional set of covariates to more comprehensively ac-
count for sociodemographic variables related to inflammation. Prior
work has found that race/ethnicity may moderate health and psycho-
logical effects of the immune system (Albert, 2007; Carroll et al., 2009;
Feairheller et al., 2011; Gruenewald et al., 2009; Lockwood et al., 2017;
Stepanikova et al., 2017) and thus, we wanted analyses to account for
potential race-related differences in inflammation (see Table 1). Next,
recent work suggests antidepressants may lower inflammation in the
peripheral body (Hamer et al., 2011; Wiediocha et al., 2018) or that
higher basal inflammation may inhibit efficacy of antidepressant use
(Gasparini et al., 2022). Although findings in this literature are mix-
ed—that is, not every inflammatory marker may increase as a function
of antidepressant use—we felt controlling for anti-depressant use (yes: n
= 23, 15 %) was a conservative test to include in our analyses. Finally,
prior work has found that inflammation may be sensitive to proximal
changes in sleep and exercise (sleep: Jackowska et al., 2013; Prather
et al., 2013; exercise: Lavie et al., 2011). Thus, we controlled for sleep
quality the night prior to (all Ms >7 out of 10/slept extremely well), and
exercise the day of (yes: n visit 1 = 15; n visit 2 = 15; n visit 3 = 15), the
inflammation measurement.

3.4. Data analysis plan

All analyses were run in R and tested concurrent associations. We
modeled the interaction between log-transformed CRP and participant’s
individual relational approach motivation on each outcome of sexual
well-being separately, in which associations were concurrent between
CRP and the outcome; no analyses were prospective. When the outcome
was measured only once during the study (i.e., sexual frequency, part-
nered and unpartnered orgasm frequency), regression analyses was used
(Im function). When the outcome was measured multiple times (e.g.,
sexual satisfaction), multilevel analyses (Imer function from the lme4
package) was used to account for the nested nature of the repeated
measures CRP and outcome data (Bates et al., 2014; Kenny et al., 1998).
In each model, CRP was used to predict concurrent outcomes.

Following standards of moderation analyses, for these regressions,
both the main predictor (CRP) and the relational approach motivation
moderator were mean-centered to aid in interpretation. Specifically,
relational approach motivation was grand-mean centered (i.e., based on
sample mean). CRP values were mean-centered based on the sample
mean at that specific time point (e.g., at baseline, the overall CRP
baseline/visit 1 mean was subtracted from individual baseline CRP
values; at visit 2, the overall CRP visit 2 mean was subtracted from in-
dividual visit 2 CRP values, etc.).

All models controlled for relational avoidance motivation and soci-
odemographic and health covariates relevant to inflammation (see
Measures). We also conducted additional sensitivity analyses with the
full range of CRP values (including those above 10 ug/ml), which can be
found in the SM.

3.4.1. Ancillary models addressing relational avoidance motivation

Because relational avoidance motivation is a separate motivational
system (Gable and Impett, 2012), to provide a comprehensive picture of
the evidence for future reference, we explored whether relational
avoidance motivation moderated the association between CRP and sex-
ual well-being, controlling for relational approach motivation.

3.4.2. Exploratory models for convergent and discriminant validity of
sexual well-being

An additional set of exploratory outcomes was tested to understand
the limits of the association between CRP and sexual well-being. Using
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the same predictors (inflammation x relational approach motivation),
we probed three behaviors known to promote relationships (i.e., affec-
tionate touch, shared laughter, expressed gratitude), perceived social
support from the partner, and three individual positive behaviors. All
models were conducted using multilevel analyses (Imer function) to
account for the nested structure of these measures, but always testing
concurrent associations between CRP and the outcome.

4. Results

Bivariate correlations for main study variables can be found in
Table 3.

4.1. Sexual well-being

CRP did not directly predict any of the sexual well-being outcomes.
Relational approach motivation was not associated with either the fre-
quency in which participants had sex in the prior month or their fre-
quency of partnered orgasms. However, relational approach motivation
was positively associated with sexual satisfaction, such that those with
greater relational approach motivation reported being more satisfied
with sex in the prior month.

Next, a significant positive interaction emerged between CRP and
relational approach motivation for sexual satisfaction and separately,
frequency of partnered orgasms, with the same pattern emerging for
both sexual well-being outcomes. Specifically, after probing simple
slopes, we found participants who were the most approach motivated
demonstrated a significant and positive association between CRP and
sexual satisfaction (and partnered orgasms). The simple slopes at the
mean and lowest levels of relational approach motivation were not
significantly different than zero for either outcome. For frequency of sex,
the interaction between CRP and relational approach motivation was
approaching statistical significance, but as p was not <0.05, we did not
probe simple slopes. See Fig. 1 for plot of the significant interactions and
Table 4 for full results for sexual satisfaction, frequency of partnered
orgasms, and frequency of sex.

4.2. Discriminant validity: unpartnered orgasms

To test for discriminant validity, we examined CRP X relational
approach motivation on unpartnered orgasm frequency. As expected, no
main effects or interaction emerged for CRP and relational approach
motivation predicting the number of unpartnered orgasms (see Sup-
plementary Table 3 for full results).

4.3. Ancillary models: Moderation by relational avoidance motivation

As documented in Supplementary Tables 9-17, there was no evi-
dence that relational avoidance motivation moderated the association
between CRP and any of the outcomes except frequency of unpartnered
orgasms (see Fig. 2). According to simple effects tests on this outcome,
those with the lowest relational avoidance motivation demonstrated a
significant and negative association between CRP and frequency of
unpartnered orgasms. The simple slopes at mean or high levels of rela-
tional avoidance motivation were not significantly different from zero.

4.4. Exploratory outcomes

4.4.1. Relationship-promoting behaviors

CRP was not associated with any of the three relationship-promoting
behaviors: affectionate touch, shared laughter, or expressed gratitude.
However, relational approach motivation was positively associated with
shared laughter and separately, expressed gratitude; the effect of rela-
tional approach motivation on affectionate touch was approaching sta-
tistical significance.

Finally, a significant positive interaction emerged between CRP and
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Table 3
Zero-order correlations of main study variables.
1 2 3 4 5 6 7 8 9
1. Relational approach motivation 1 —
2. Relational avoidance motivation 1 -
3. CRP 1 (log) —0.02 -
4. CRP 3 (log) —0.07 0.82%** =
5. Sex satis. 1 —0.10 0.07 0.14 —
6. Sex satis. 3 —0.06 0.11 0.15 -
7. Sex freq. 3 —0.06 0.02 0.05 0.29%** -
8. Partnered orgasm freq. 3 0.03 —0.06 0.04 0.31%** 0.81%** —
9. Unpartnered orgasm freq. 3 —0.01 -0.14 -0.14 0.01 0.24%* 0.32%** -

Numbers 1, 2, and 3 denote which lab visit measure was collected (1 = first lab visit, 2 = second lab visit two weeks atter first, 3 = third lab visit four weeks after first).
Satis = satisfaction. Freq = frequency. CRP was log-transformed. Used log-transformed versions (but not mean-centered) of CRP and relational approach/avoidance

variables.

Note. No sexual well-being measures assessed at second lab visit (2), so CRP 2 is not represented here; see SM for correlations between all three CRP timepoints and

exploratory outcome measures.
*p < 0.05. ** p < 0.01. *** p < 0.001.
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Fig. 1. Note. Panel A) Significant interaction between CRP x relational approach motivation on sexual satisfaction. +1SD simple effect significantly different from
zero. Panel B) Significant interaction between CRP X relational approach motivation on partnered orgasms. + 1SD simple effect significantly different from zero.

relational approach motivation for affectionate touch and shared
laughter (see Fig. 3), but not for expressed gratitude; a slightly different
pattern emerged for the simple effects for touch versus laughter. For
affectionate touch, when we probed simple slopes, participants who
were the least approach motivated demonstrated a significant and
negative association between CRP and affectionate touch. The simple
slope at the mean level of relational approach motivation was not
significantly different than zero; the simple slope at the highest levels of
relational approach motivation showed a positive association
approaching statistical significance between CRP and affectionate
touch. For shared laughter, participants who were the most relationally
approach motivated had a significant and positive association between
CRP and shared laughter. The simple slopes at the mean and lowest
levels of relational approach motivation were not significantly different
than zero. See Supplementary Tables 4-6 for full results.

4.4.2. Perceived social support from the partner

CRP was not associated with perceived social support, but relational
approach motivation was positively associated with perceived social
support. Next, a significant positive interaction emerged between CRP
and relational approach motivation (see Fig. 4, Supplementary Table 7).
When we probed simple slopes, participants with the highest relational
approach motivation demonstrated a significant and positive association
between CRP and perceived social support. The simple slopes at the
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mean and lowest levels of relational approach motivation were not
significantly different than zero.

4.4.3. Individual positive behavior

Across the three individual positive behaviors — adapting to change,
progressing on a goal, volunteering to assist others — CRP was only
positively associated with adapting to change. Relational approach
motivation was positively associated with both the extent to which
participants felt they adapted to change and the extent to which they
voluntarily assisted others. Overall, there were no significant in-
teractions between CRP and relational approach motivation on any of
the three individual positive behaviors (see Supplementary Table 8).

5. Discussion

The present study investigates how sex, an affiliative behavior within
relationships, is influenced by the interplay of systemic inflammation
with approach motivation toward rewarding outcomes with a romantic
partner. First, we did not find significant main effects of CRP on sexual
well-being. However, building on new theorizing that higher inflam-
mation may be particularly relevant to approaching close others
(Muscatell and Inagaki, 2021), combined with the fact that some in-
dividuals may be motivated to approach “rewards” particularly in close
relationships (Gable and Impett, 2012), we gained a more nuanced
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Table 4

CRP x relational approach motivation predicting sexual satisfaction (top panel),
frequency of partnered orgasms in the prior month (middle panel), frequency of
sex in the prior month (bottom panel).

Predictor b B t p CI 95 %
Lower Upper
Outcome: Sexual satisfaction
CRP 0.14 0.07 1.16 0.25 —0.09 0.38
Approach 0.49 0.38 5.49%** 0<.001 0.32 0.66
Avoidance —-0.06 -0.10 -1.59 0.11 -0.14 0.01
Bio sex —0.29 —0.09 —1.28 0.20 —0.72 0.14
Age —0.03 —-0.22 —3.02%* 0.003 —0.05 —0.01
BMI 0.02 —0.06 0.88 0.38 —0.02 0.06
OTC meds use —-0.67 —-0.13 —3.56%** 0<.001 —-1.03 -0.29
BC use 0.08 0.04 0.46 0.64 —0.26 0.42
CRP x approach 0.27 0.12 2.15* 0.03 0.03 0.51
—1SD -0.10 - —0.68 0.49 —0.40 0.19
Mean 0.13 - 1.10 0.27 —0.10 0.37
+1SD 0.37 - 2.13* 0.03 0.03 0.70
Outcome: Frequency of partnered orgasms
CRP 1.36 0.12 1.27 0.21 -0.76 3.48
Approach -0.77 —0.10 -1.12 0.27 —2.12 0.59
Avoidance 0.04 0.01 0.15 0.89 —0.55 0.64
Bio sex —-4.19 —-0.24 —2.55*% 0.01 —7.45 —-0.93
Age —0.04 —-0.05 —-0.48 0.63 —-0.20 0.12
BMI —0.14 —0.08 —0.88 0.38 —0.45 0.17
OTC meds use 0.40 0.01 0.17 0.86 —4.13 4.93
BC use 0.81 0.06 0.60 0.55 -1.89 3.52
CRP x approach 1.98 0.16 2.02* 0.045 0.04 3.92
—1SD —0.45 - —0.35 0.72 —2.95 2.05
Mean 1.30 - 1.22 0.22 1.07 —0.81
+1SD 3.05 - 2.07* 0.04 0.13 5.97
Outcome: Frequency of sex
CRP 1.30 0.09 0.99 0.32 -1.30 3.90
Approach -0.83 —-0.09 —-1.00 0.32 —2.47 0.82
Avoidance —0.20 —0.05 —-0.54 0.59 —-0.92 0.53
Bio sex —-2.38 -0.11 -1.18 0.24 —6.37 1.61
Age —-0.09 —0.09 -0.97 0.33 —0.28 0.10
BMI —-0.22 —0.11 -1.15 0.25 —0.60 0.16
OTC meds use 1.14 0.03 0.41 0.69 —4.42 6.70
BC use 1.84 0.12 1.11 0.27 —1.44 5.13
CRP x approach 1.95 0.13 1.62 0.11 —0.43 4.32

Note. CRP = C-reactive protein. Bio sex = biological sex. BMI=body mass index.
OTC meds = over-the-counter medicine. BC=birth control. Primary rows are the
main effects and interaction term, and the sub-rows are simple effects of any
statistically significant interaction.

*p < 0.05. ** p < 0.01. *** p < 0.001.

understanding of the association between CRP and satisfying sexual
experiences. Specifically, relational approach motivation moderated the
association between CRP and sexual satisfaction and the number of
partnered orgasms in the prior month; higher CRP was associated with
being more sexually satisfied and having more partnered orgasms for
those highest in relational approach motivation. The interaction be-
tween CRP and relational approach motivation on frequency of having
sex was approaching statistical significance in the same direction (see
Supplemental Fig. 1). As confirmation this association is relevant for
relationship-specific sexual well-being, there was no such interaction
between CRP and approach motivation for unpartnered orgasms. Our
results suggest that for those highly motivated to approach the rewards
of their romantic relationship, higher levels of CRP may be beneficial in
the bedroom for one’s sexual well-being.

We also explored outcomes that might share psychological overlap
with aspects of sexual well-being and found similar interaction effects
for affectionate touch, shared laughter, and perceived social support.
First, these findings extend beyond animal models of sexual behavior
(Bilbo et al., 1999), suggesting researchers interested in human
inflammation should attend to the multidimensional experience of
having sex that reflects meaningful underlying psychological processes.
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Fig. 2. Note. Significant interaction between CRP x relational avoidance
motivation on unpartnered orgasms. —1SD simple effect significantly different
from zero.

Second, these findings suggest the body and mind (i.e., CRP and rela-
tional motivation) work together to promote affiliative behaviors, even
beyond sex. Affectionate touch and sexual intimacy can simultaneously
co-occur, and each provides an intimate moment of connection with
another person (Jakubiak and Feeney, 2017; Jolink et al., 2022). Shared
laughter, like sex, is also a moment of connection, specifically a shared
mental connection between two people (Kurtz and Algoe, 2015).
Perceived social support and satisfying sex may similarly signify that
one’s partner is safe and caring (Birnbaum et al., 2006). Notably, a
recent meta-analysis found a negative association between CRP and a
broad index of social support/social integration (Uchino et al., 2018).
That is not inconsistent with the theoretical argument made in the
present work, which focuses on perceptions of support from the romantic
partner, showing interactions between CRP and approach motivation
that were consistent with other measures of affiliation with the same
partner.

CRP and relational approach motivation did not interact to predict
participant’s frequency of unpartnered orgasms, expressed gratitude
toward the partner, or individual positive behavior. Overall, experiences
that were about the individual—not the partner—were non-significant.
This suggests the interaction between inflammation and relational
approach motivation may be (romantic) relationship-specific; however,
the null effect with expressed gratitude does not fit this trend. It is
possible this is due to participants being instructed to monitor their
gratitude as part of the larger study (Algoe, 2022a). Regardless, to better
understand this null result, future work should examine the interplay
between inflammation, approach motivation, and gratitude.

Why is relational approach motivation particularly important as
inflammation increases? New theorizing suggests heightened inflam-
mation may drive us toward social interactions with those it might be
beneficial to approach when we are vulnerable (i.e., close others, Mus-
catell and Inagaki, 2021).° Approaching a close other when inflamed
hinges upon that close other supporting and caring for us when we need
them; our evidence points to a circumstance under which this theory is
supported. That is, the individuals most likely to notice (Gable and
Poore, 2008) and gain further benefits from (Don et al., 2022) those
affiliative relationship behaviors are those already oriented toward
those benefits of their relationship partner. In contrast, those who are

5 The current results reflect heightened inflammation levels in the absence of
a sickness or acute inflammatory challenge model, but more data are needed to
understand magnitude differences in inflammation on social behavior.
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Fig. 3. Note. Significant interaction between CRP x relational approach motivation on relationship-promoting behavioral outcomes. Left panel depicts weekly
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simple effect significantly different than zero.
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Fig. 4. Note. Significant interaction between CRP x relational approach
motivation on perceived social support. + 1SD simple effect significantly
different from zero.

not oriented toward the positive aspects of their relationship (i.e., are
less relationally approach motivated) may not turn to that partner when
experiencing heightened inflammation.® Additionally, relational avoid-
ance motivation neither moderated the effects of CRP nor uniquely
predicted affiliation. This provides corroborating evidence that
approach motivation is driving high-inflammation individuals toward
relational rewards, which includes a variety of ways to affiliate (e.g.,
partnered orgasms, shared laughter).

% Notably, we did not find any negative associations between CRP and sexual
well-being, which might imply inhibited sexual behavior as a result of height-
ened inflammation. Even for those lower in approach motivation (for whom
most simple effects were non-significant), these findings do not provide evi-
dence of sexual inhibition/social withdrawal.
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These data generate additional questions. First, what is the role of
stress? Chronic stress is associated with elevated CRP (Baumeister et al.,
2016; Hughes et al., 2017; Johnson et al., 2013), and stress is also one
reason people report wanting (i.e., seeking relief) or not wanting to have
sex (Hill and Preston, 1996; Meston and Buss, 2007). Based on its rele-
vance to inflammation and motivation for sex, stress may moderate or
mediate some of the associations presented here and therefore dissecting
its role will be an important goal for future research. Second, what is the
role of reward? Prior evidence has demonstrated an inflammatory
challenge (e.g., endotoxin) predicts brain activation in regions associ-
ated with reward (i.e., ventral striatum and ventromedial prefrontal
cortex), including in response to receiving positive feedback from
someone (Muscatell et al., 2015) and in response to viewing a photo-
graph of a close other (Inagaki et al., 2015). Another study found
Lipopolysaccharide (LPS) administration increased motivation to work
for high-value monetary rewards (Lasselin et al., 2017). To the extent
that affiliating with a close other is rewarding, heightened inflammation
may motivate similarly “rewarding” experiences with a close other, such
as having satisfying sex with a romantic partner. In fact, the psycho-
logical experience of affiliation may be rewarding, through a few
different theoretical pathways (Baumeister and Leary, 1995; Hill, 1987;
Murray, 1938). Relatedly, these processes may function differently with
individuals experiencing altered motivational and inflammatory states,
such as individuals with major depressive disorder or anhedonia
(Grahek et al., 2019; Majd et al., 2020; Miller and Raison, 2016).

Third, what is the underlying neurobiology of this interaction be-
tween motivation and inflammation? It is well known that dopamine is
an important contributor to approach motivation (e.g. incentive
salience; Depue and Collins, 1999). There is growing evidence that
inflammation alters dopamine signaling. For example, chronic admin-
istration of an inflammatory cytokine (IFN-a) reduces dopamine release
and dopamine receptor (D2) density in the striatum of nonhuman pri-
mates (Felger et al., 2013). Furthermore, these dopaminergic changes
were associated with reduced experienced reward to sucrose solution.
Similar effects of this inflammatory cytokine on dopamine signaling and
anhedonia have been found in humans (Capuron et al., 2012). Impor-
tantly for the present work, CRP levels moderated the effects of
administration of a dopamine boosting agent (L-DOPA) in humans, such
that only amongst those with CRP >2 mg/L was the dopaminergic-
related reduction in anhedonia related to connectivity in reward
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circuitry in the brain (Bekhbat et al., 2022). These pharmacological
neuroimaging findings suggest that inflammation can interact with
motivation related circuitry to impact the degree of interest and pleasure
one derives from life experiences such as intimate interactions with a
romantic partner, and future work should test this possibility. Although
the current study does not explicitly test these pathways—stress,
reward, dopamine—this work highlights many opportunities for future
exploration. We also hope we have started to make the case that re-
searchers in other literatures trying to understand human health, func-
tioning, and relationships should more seriously consider the
multifaceted experience of having sex as an important behavioral indi-
cator of well-being.

This work may at first seem at odds with prior findings that have
demonstrated a negative association between heightened inflammation
and sexual activity in both males and females (Bank et al., 2003; Cle-
phane et al., 2021; Lorenz et al., 2017,2018; Lorenz and van Anders,
2014; Yao et al., 2012). In response, we first would like to point out that
findings with sexual frequency do not necessarily contradict the existing
literature showing heightened inflammation, especially in females, can
dampen sexual arousal and inhibit sexual activity (Avitsur and Yirmiya
et al., 1999a,b; Lorenz et al., 2017, 2018; Yirmiya et al., 1995); in the
present study, no association between CRP and frequency of sex
emerged. Next, we would like to suggest an alternative view, which is
that these findings only represent CRP levels within a healthy range and
that associations may differ—and perhaps become non-linear—with a
less restricted range of CRP. As indirect evidence to this point, prior
work on corticosteroid hormones and glucose levels have found curvi-
linear effects on behavior, specifically an inverted U-shape (Gold et al.,
1986; Joéls, 2006), such that moderate levels of the biological measure
were associated with the highest levels of behavior and low/high levels
were associated with the lowest levels of behavior. In the present study,
we collected a restricted range in terms of CRP, in that our samples were
comprised of healthy, predominantly young adults, who were not
acutely sick or experiencing inflammation-related chronic health con-
ditions. The conclusions with the current data should thus be limited to
those who are healthy and not those who are experiencing acutely or
chronically high levels of inflammation. With more variance in the
measure of inflammation, we may have been able to test for non-linear
effects, especially if higher concentrations of inflammation were present
in the data. For example, an inverted-U relationship between inflam-
mation and affiliation toward close others would indicate that affiliation
is highest at moderate levels of inflammation (perhaps the high end of
the range in the current data among healthy individuals), but affiliation
is lowest at low and high levels of inflammation (e.g., low levels and at
acute sickness levels). This pattern of results would suggest a threshold
for the positive associations found in the current studies, with the trend
taking a downturn at levels indicating the individual is acutely ill or
experiencing chronic inflammation. Future work should target partici-
pants with higher inflammation levels, or use an acute inflammatory
challenge (e.g., endotoxin). Then, we could potentially test for non-
linear effects with social and relational outcomes to understand the
degree to which the present findings extend to acute sickness levels of
inflammation. However, in these data with a restricted range of CRP, a
non-linear pattern of effects cannot be ruled out.

5.1. Limitations and future directions

These findings are all correlational, and no causal conclusions should
be made. Conclusions are also limited to individuals in satisfying
romantic relationships; these relationships are characterized by in-
teractions that are positively-valenced and rewarding (Algoe, 2019). It is
thus an open question whether less satisfying relationships would show
similar effects and future work should attempt to replicate in a less
satisfied sample or extend to outcomes more relevant to avoiding threat/
consequences (Gable and Impett, 2012). Additionally, while we presume
participants reported on their sexual well-being with their current
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romantic partner (i.e., being partnered was an eligibility requirement for
the study), they were not explicitly instructed to do this (e.g., measures
instead anchored on “sexual partner”). People can have sex/orgasms
outside a committed romantic relationship (e.g., casual sexual rela-
tionship; Grello et al., 2006). This introduces potential measurement
error among the sexual well-being items, in contrast with the explor-
atory outcomes that did anchor on the romantic partner, and future work
should use more precise language. Additionally, this sample was
restricted in many ways that may have influenced results. Namely, the
sample was young, predominantly White, and the majority identified as
female, and we should be cautious about generalizing results beyond
individuals with these characteristics. Further, we did not measure
certain health information that may have influenced our effects (e.g.,
females’ menstrual cycle phase, the presence of sexually transmitted
infections, psychotropic medication use). Finally, CRP is just one marker
of inflammation, and findings should be replicated with others. How-
ever, this work is some of the first to extend findings that heightened
inflammation may promote affiliation toward close others beyond the
inflammatory cytokine interleukin-6 (IL-6) to a marker of peripheral,
systemic inflammation in CRP.

6. Conclusion

Inflammation alone may not drive people toward — or away from —
having satisfying, orgasm-filled sex. Instead, individuals highly moti-
vated to reap the rewards of having a romantic partner may have more
rewarding sexual experiences with that partner as they experience
higher levels of inflammation. But also, they are motivated to connect
with their partner by affectionately touching them, sharing laughter
with them, and perceiving their partner as supportive. These findings
expand the empirical case for the theoretical assumptions of the role of
inflammation in driving affiliation with close others (Muscatell and
Inagaki, 2021). The findings also expand our understanding of the
conditions under which heightened inflammation facilitates, instead of
inhibits, as has been previously found, sexual experiences with a part-
ner. Specifically, relational approach motivation may be an important
point at which to intervene (i.e., upregulate) for individuals experi-
encing reductions in sexual arousal, desire, and activity, and/or for
those whose body states (e.g., chronic pain, chronic inflammation,
sickness symptoms) interfere with their sexual lives. Overall, this study
illuminates the importance of one’s relational approach motivation as a
pre-condition of when inflammation may coordinate affiliative experi-
ences with a romantic partner, resulting in more satisfying, orgasm-filled
sex.
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