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a b s t r a c t
Rejection can motivate either afﬁliation or withdrawal. In order to study how personality and situational
variables inﬂuence whether women will be motivated to afﬁliate versus withdraw, we manipulate social
feedback (rejection vs. acceptance) and opportunity for face-to-face interaction (blocked vs. face-toface) and measure the individual difference variables rejection sensitivity and social anxiety. We test
how these variables affect endogenous progesterone and cortisol concentrations, which are presumed to
signal motivational responses to rejection. We ﬁnd that three-way interactions involving social feedback,
opportunity for face-to-face interactions, and either social anxiety or rejection sensitivity signiﬁcantly
predict progesterone change, but not cortisol change. Both interactions are driven by sharp progesterone
decreases for women high in social anxiety/rejection sensitivity who have been rejected and who have no
opportunity to reafﬁliate in a face-to-face interaction. This progesterone change may be a physiological
marker of motivation for social avoidance following rejection for women who cannot reafﬁliate and who
are particularly socially anxious or sensitive to rejection.
Published by Elsevier Ltd.

1. Introduction
When we have been rejected, we may be motivated to afﬁliate with others in order to reconnect or to withdraw in order to
avoid further rejection. Both motivations are reasonable following rejection − so what predicts whether we will afﬁliate versus
withdraw, and how does physiology underlie our motivation and
behavior? This study tests how personality and situational variables affect motivational responses to rejection, which we measure
by changes in progesterone and cortisol, hormones tied to afﬁliation (Schultheiss et al., 2004, 2003) and stress (Dickerson and
Kemeny, 2004), respectively.
Rejection is a very powerful negative experience. It leads to psychological and physiological distress, characterized by increases in
negative affect and release of the stress hormone cortisol (Blackhart
et al., 2007; Stroud et al., 2002). Because rejection is such a negative
experience, it is a powerful social motivator which may motivate
people to afﬁliate with (Maner et al., 2007) or to withdraw from oth-
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ers (Goetz and Dweck, 1980; Molden and Maner, 2013; Richman
and Leary, 2009). For example, after recalling a past experience
involving rejection, participants indicated greater interest in making new friends than those who had recalled a past experience
involving acceptance (Maner et al., 2007). In another study, participants receiving bogus feedback that they may end up alone later
in life indicated a stronger desire to work with others in a subsequent task compared to those who received feedback predicting
acceptance or an accident-prone future (Maner et al., 2007). In contrast, Goetz and Dweck (1980) showed that although some children
chose to attempt reafﬁliation following rejection, others socially
withdrew − a choice largely driven by forecasting future rejection.
Thus, people respond in two very different ways to the experience
of rejection − afﬁliating on the one hand or withdrawing on the
other.
Given these two opposing reactions to rejection, what determines how a given person responds? The Multimotive Model
provides a framework for understanding these conﬂicting social
motives emerging from rejection, and identiﬁes moderators that
predict which motive will be acted upon (Richman and Leary, 2009).
One important moderator is the rejected person’s expectations of
social repair with the perpetrator of rejection. When expectations
of social repair are low, rejected people are motivated to withdraw,

K.A. Duffy et al. / Psychoneuroendocrinology 76 (2017) 174–182

but when expectations of social repair are high, rejected people are
motivated to reafﬁliate.
Although Richman and Leary (2009) focus on whether a rejected
person afﬁliates with or withdraws from the perpetrator of rejection speciﬁcally, Martin (2015) extends this framework beyond the
dyad, arguing that expectations of afﬁliation with others more generally moderates which motivation is activated for the rejected
person. Along these lines, Maner et al. (2007) demonstrate that
rejected participants only seek afﬁliation with new others who are
realistic sources of afﬁliation, such as new face-to-face interaction
partners. This ﬁnding makes sense given that research shows that
people more effectively build afﬁliation in face-to-face interactions
than in side-by-side or computer-mediated interactions (Drolet
and Morris, 2000; Okdie et al., 2011). Thus, the social context affects
whether rejected people are motivated to afﬁliate or withdraw.
Most rejection studies seeking a physiological underpinning of
the rejection experience have focused on cortisol (Blackhart et al.,
2007; Gunnar et al., 2003; Stroud et al., 2002), but another hormone,
progesterone, may also play a critical role in reafﬁliation following rejection. In multiple studies, progesterone has been linked to
afﬁliation motivation (Brown et al., 2009; Schultheiss et al., 2003,
2004). In one study, progesterone was measured in women at three
different time points across the menstrual cycle (Schultheiss et al.,
2003). At each time point, participants also completed an implicit
measure of afﬁliation motivation called the Picture Story Exercise.
For this measure of afﬁliation motivation, participants write a story
about what they think people are doing in photographs in which the
context is ambiguous (i.e. three people talking on the street could
be friends reconnecting or executives discussing a business deal).
Afﬁliation motivation is measured as the frequency with which the
participant uses afﬁliation-related imagery in his or her stories.
In the study, women with higher average progesterone showed
greater afﬁliation motivation (Schultheiss et al., 2003). Furthermore, as a woman’s progesterone rose over the menstrual cycle,
so too did her afﬁliation motivation. Another study experimentally increased afﬁliation motivation via a 30-min ﬁlm clip and
tested how this affected progesterone (Schultheiss et al., 2004).
Importantly, when afﬁliation motivation was experimentally elevated, participants experienced an increase in progesterone. Taken
together, these results provide evidence that afﬁliation motivation
increases progesterone and that progesterone could potentially be
thought of as a physiological index of afﬁliation motivation.
Given that increasing afﬁliation motivation leads to a release
of progesterone, it follows that other ways of inducing afﬁliation
motivation, such as rejection, may also change endogenous progesterone concentrations. Maner et al. (2010) found that social
exclusion decreased progesterone in individuals with high social
anxiety relative to a control condition. They found the opposite
effect for individuals with high rejection sensitivity; that is, social
rejection increased progesterone in individuals with high rejection sensitivity relative to a control condition. Maner et al. (2010)
interpreted progesterone as a physiological marker of approachavoidance motivation following social exclusion/rejection, with
those high in social anxiety tending toward avoidance and those
high in rejection sensitivity tending toward approach.
Despite these intriguing initial ﬁndings, there remain some signiﬁcant gaps in the literature that we attempt to address. First,
studying the dynamics of both cortisol and progesterone following
rejection within the same participants is important, but remains
underexplored. Cortisol has been associated with psychosocial distress whereas progesterone has been associated with afﬁliation.
Studying both hormones following rejection and a subsequent
opportunity for face-to-face interaction − a situation that involves
both stress and afﬁliation − allows us to dissociate their roles within
the same social context. Unlike cortisol, progesterone should be
sensitive to afﬁliation-related situational and personality variables
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that would affect afﬁliation motivation. Second, although research
suggests that an opportunity for face-to-face interaction affects
afﬁliation motivation following rejection, no research has tested
its effect on progesterone. Linking face-to-face interaction and progesterone would provide evidence for a physiological mechanism
through which face-to-face interactions increase afﬁliation and,
more broadly, human connection. We also test the theory put forth
in the Multimotive Model that expectancies of social repair affect
motivational and behavioral reactions to rejection (Richman and
Leary, 2009). In this study, we take this model beyond the dyad to
test how interacting with a novel person affects progesterone and
cortisol in recently rejected participants.
In line with Maner et al. (2007), we hypothesize that when
there is an opportunity to reafﬁliate face-to-face, this should promote afﬁliation motivation particularly for rejected participants,
reﬂected in progesterone increases. When there is no opportunity
to reafﬁliate face-to-face, this should promote withdrawal motivation, reﬂected in progesterone decreases. Consistent with Maner
et al. (2010), this should be the case particularly for rejected participants who are most negatively affected by rejection. To address
these questions, the present study tests how social feedback (rejection vs. acceptance) and opportunity for face-to-face interaction
(blocked vs. face-to-face) interact with individual difference variables rejection sensitivity and social anxiety to affect changes in
progesterone, which we measure as a physiological marker of afﬁliation motivation.
2. Materials and methods
2.1. Study design
Our design allowed female participants to be either socially
rejected or socially accepted by three female confederates (see
Fig. 1). Participants then interacted with a new female confederate. The interaction with the new confederate occurred either
face-to-face or behind a barrier, such that they could not see each
other. This manipulated whether or not participants had an opportunity to reafﬁliate in a face-to-face interaction. We collected saliva
from participants at multiple time points throughout the experiment to measure progesterone and cortisol change (Schultheiss and
Stanton, 2009). We also measured individual difference variables,
including social anxiety and rejection sensitivity, which we hypothesized would affect motivation to afﬁliate or withdraw depending
on the social context.
We decided to test our hypothesis speciﬁcally in women. Finding an effect in women represents a more conservative test of our
hypothesis. This is because women have higher means and standard deviations of progesterone which make it is more difﬁcult to
ﬁnd an effect (Wirth et al., 2007).
2.2. Participants
We recruited female participants not using hormonal contraceptives (N = 106; Mage = 21.2 years) through a university subject
pool for a 90-min study. Participants were compensated $20. Since
hormones can be affected by various behaviors, participants were
instructed not to eat food or drink caffeine or alcohol 2 h before the
study, not to smoke 6 h before the study, not to exercise 12 h before
the study, and not to have sexual intercourse 24 h before the study
(Schultheiss and Stanton, 2009). All participants provided written
informed consent and were debriefed at the end of the session. This
study received approval from the appropriate local ethics committee and complied with national legislation and the Code of Ethical
Principles for Medical Research Involving Human Subjects of the
World Medical Association (Declaration of Helsinki).
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Fig. 1. Timeline of experimental events: baseline saliva sample, social feedback manipulation (acceptance vs. rejection), social interaction with opportunity for face-to-face
interaction manipulation (blocked vs. face-to-face), saliva sample 20 min post social feedback manipulation, and saliva sample 40 min post social feedback manipulation.
Saliva samples were collected to measure progesterone and cortisol that passively diffused from blood into saliva. The timing of saliva samples was based on the 10–20 min
lag time that it takes for steroid hormones to be released into blood and then diffuse into saliva (Riad-Fahmy et al., 1987).

In order to estimate the sample size needed, we looked at the
effect size found using a similar paradigm (Maner et al., 2010).
In this study, the authors report the partial correlation of two
critical interactions: the social feedback (control vs. exclusion)
by social anxiety interaction on progesterone change, B = −0.28,
p = 0.05, pr = −0.28, and the social feedback (control vs. rejection) by
rejection sensitivity interaction on progesterone change, B = 0.27,
p = 0.05, pr = 0.28. Based on a partial correlation of |.28|, we used
G*Power to calculate the sample size required in order to have a
power of 0.80 with an alpha of 0.05 given this effect size. From this,
we estimated a sample size of 95. Since we anticipated that we
might need to exclude outlier cases, we intended to collect data
for 100 participants. For scheduling reasons, we ended up with
106 participants rather than the target of 100 participants. After
excluding one participant from data analysis for having progesterone levels that were greater than 3 standard deviations above
the mean, we had a ﬁnal sample of 105 participants.
2.3. Procedure
2.3.1. Cover story
Participants signed up for a study entitled ‘Impression Formation.’ At the lab, the experimenter told participants that the study
investigated how hormones affect impression formation. This was
intended to explain both why we measure hormones (ask for saliva
samples) and why we give participants social feedback (see next
section). In order to encourage participants to believe that there
were three other participants providing social feedback, participants were walked down a hall with four closed doors that led to
study rooms. Participants were led into one room and told that
other participants in the study were in the other three rooms.
2.3.2. Manipulation of social feedback
Participants were randomly assigned to one of two social
feedback conditions (rejection vs. acceptance), which were manip-

ulated using a paradigm adapted from previous work (Leary et al.,
1995). In our paradigm, the experimenter told participants that the
study was investigating impression formation, which required participants to give their impressions of one another. In order to do this,
the experimenter instructed participants to talk about the things
that they liked and disliked about themselves in a 1–2 min video
designed to promote self-disclosure. After the participant ﬁnished
recording the video on Windows Movie Maker, the experimenter
returned to help upload the video onto Dropbox. The experimenter
slowly uploaded the three confederate videos onto Dropbox to give
the impression that the other participants were ﬁnishing the task
at different times. When all four videos were uploaded to Dropbox, the experimenter gave the participant three feedback forms
and instructed her to ﬁll out the forms based on her impressions of
the ‘participants’ in the three confederate videos. The experimenter
assured the participant that the feedback would be anonymous. The
feedback form consisted of ﬁve items: “I would introduce this person to a friend”; “I would continue talking to this person”; “I would
invite this person to a party”; “This person reminds me of some
of my own friends”; and “I would choose this person as a study
partner in a difﬁcult class”. For each item, the participant selected
a response (yes, unsure, no).
After the participant ﬁnished ﬁlling out the feedback forms, the
experimenter came back into the room and collected the feedback
forms in manila envelopes, one for each subject. The experimenter
told the participant that she needed to collect the remaining forms
and would return with the feedback as soon as possible. When the
experimenter returned, the experimenter delivered prearranged
feedback that manipulated either social rejection or social acceptance. The experimenter told the participant to look over her
feedback and subsequently left the room. In the social rejection
condition, the three feedback forms reﬂected a relatively negative
impression of the participant, with answers of mostly ‘unsure’ and
‘no’ on the feedback forms (yes = 1, unsure = 10, no = 4). In the social
acceptance condition, the three feedback forms reﬂected a posi-
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tive impression of the participant, with answers of mostly ‘yes’ on
the feedback forms (yes = 13, unsure = 2, no = 1). As an important
note, the confederates who had supposedly provided the manipulated feedback were all female, though representative of diverse
racial groups. This ensured that female participants felt rejected or
accepted by females generally rather than by a speciﬁc racial or
ethnic group. After the participant looked over the feedback, the
experimenter returned to inform the participant that she would
complete the photo description task next.
2.3.3. Manipulation of opportunity for face-to-face interaction
In order to manipulate whether participants had an opportunity to reafﬁliate with another person in a face-to-face interaction,
participants were randomly assigned to either (1) the face-to-face
condition in which they interacted face-to-face with a confederate or (2) the blocked condition in which face-to-face interaction
was blocked by a cardboard barrier between the confederate and
the participant. Including this manipulation allows us to test the
effect of an opportunity to reafﬁliate in a face-to-face interaction
on progesterone change.
The social interaction was structured around a photo description
task, which is a commonly used paradigm in studies involving social
interactions (Chartrand and Bargh, 1999; Lakin and Chartrand,
2003; Lakin et al., 2008). In the task, the participant and the confederate take turns describing photos to one another for eight minutes
total. Each photo was described for 1 min until a timer beeped, at
which point the partners switched listening and describing roles.
The room setup consisted of two chairs facing each other at a
90◦ angle and situated between the chairs was a table holding a
photo stand, which displayed photos to only the photo describer.
Photo stimuli consisted of eight neutral nature scenes selected
from the IAPS (Lang et al., 1997). One way to measure afﬁliation
is by how much someone mimics another person (Chartrand and
Bargh, 1999; Lakin and Chartrand, 2003; Lakin et al., 2008) so we
measured mimicry as a behavioral measure of afﬁliation as well.
Although we replicated the basic mimicry effects reported in Lakin
and Chartrand (2003), we did not ﬁnd new contributions to the
literature so will not discuss this behavioral measure further.
2.3.4. Hormone collection
Testing was done between 12:00 pm and 5:00 pm to minimize
diurnal variation in hormones. Each participant provided three
saliva samples to be assayed for progesterone and cortisol. The participant provided the ﬁrst sample upon arrival, the second sample
20 min post social feedback manipulation, and the third sample
40 min post social feedback manipulation. In order to appropriately
time saliva sampling, participants engaged in a time estimation
game as a ﬁller task. We followed standard procedures developed
for assaying hormones from saliva and samples were immediately
sealed and placed in frozen storage post-collection (Dabbs, 1991;
Gröschl, 2008; Schultheiss and Stanton, 2009).
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2.3.5. Questionnaire
After providing the third saliva sample, participants completed
a 15-min set of questionnaires on Qualtrics. First, participants completed the Hormone Assessment Questionnaire, which determined
compliance to hormone collection instructions and addressed factors known to inﬂuence hormones (Schultheiss and Stanton, 2009).
Then participants completed measures of individual differences:
Social Phobia Scale (Mattick and Clarke, 1998), Rejection Sensitivity
Scale (Downey and Feldman, 1996), Interpersonal Reactivity Index
(Davis, 1980), and Need to Belong Scale (Leary et al., 2013). Next,
participants reported demographic information. Then, as a manipulation check to assess whether the social feedback manipulation
worked, participants were asked, “How did the feedback make you
feel?” (5-point scale, 1 = very bad, 5 = very good). Finally, participants answered questions that assessed their suspicion regarding
the feedback (Table 1).
2.3.6. Hormonal assay procedure
We used solid-phase Siemens Healthcare Diagnostics (Los Angeles, CA) Coat-A-Count125 I radioimmunoassays for cortisol (TKCO)
and progesterone (TKPG). Following Liening et al., 2010; to determine salivary hormone concentrations, we prepared water-based
dilutions of all standards and controls. Four hundred L of the saliva
samples, standards, and controls were pipetted into antibodycoated tubes. For progesterone, 1 mL radio-labeled tracer was
subsequently added to each tube. All tubes were allowed to incubate overnight. For cortisol, 1 mL radio-labeled tracer was added
to each tube following overnight incubation, and then all tubes
were again incubated overnight. Finally, tubes were aspirated and
counted for 3 min. Analytical sensitivity, or the average lower limit
of detection, was at 3.6 pg/ml (progesterone) and .02 ng/ml (cortisol). Saliva samples were counted in duplicate and had a mean
intra-assay coefﬁcient of variation of 7.14% (progesterone) and
6.36% (cortisol).
3. Results
In order to correct for normality violations, we log-transformed
raw progesterone and raw cortisol. For all progesterone analyses,
we control for log-transformed progesterone at time 1 by including
it as a predictor and we set log-transformed progesterone at time
3 as the outcome variable. For all cortisol analyses, we control for
log-transformed cortisol at time 1 by including it as a predictor and
we set log-transformed cortisol at time 3 as the outcome variable.1
Furthermore, for all hormone analyses, we control for the following variables: whether the participant had experienced bleeding
gums, oral infections or oral lacerations over the past day as well as
how many hours since the participant’s last caffeine consumption.
These variables, measured in the Hormone Assessment Questionnaire, were included as control variables in the analyses involving
hormones. For all analyses, we report unstandardized betas.

Table 1
Means and (standard deviations) reported for variables as untransformed values. Progesterone reported in pg/ml. Cortisol reported in ng/ml. For all correlations, p < 0.05 for
r > |0.20| and p < 0.01 for r > 0.25|.

1
2
3
4
5
6
7
8
9
10

Progesterone T1
Progesterone T2
Progesterone T3
Cortisol T1
Cortisol T2
Cortisol T3
Rejection Sensitivity
Social Anxiety
Need to Belong
Interpersonal Reactivity

M (SD)

1

2

3

4

5

6

7

8

9

56.1 (43.8)
60.6 (44.9)
63.1 (46.9)
2.0 (1.3)
1.9 (1.3)
1.8 (1.1)
9.7 (2.7)
1.9 (0.6)
3.6 (0.7)
3.5 (0.4)

0.93
0.92
0.11
0.02
−0.001
−0.16
0.01
−0.04
0.01

0.97
0.11
0.17
0.13
−0.14
0.07
−0.05
−0.02

0.09
0.14
0.14
−0.14
0.06
−0.06
−0.004

0.51
0.44
0.11
−0.03
0.07
0.12

0.85
0.12
0.08
−0.07
−0.003

0.06
0.09
−0.07
−0.10

0.29
0.23
0.01

0.40
0.41

0.31
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Fig. 2. The effect of social feedback (rejection vs. acceptance) on progesterone and
cortisol change. Progesterone increased following acceptance relative to decreases
following rejection. The opposite pattern was present for cortisol. Cortisol decreased
following acceptance relative to increases following rejection. Error bars are 95%
conﬁdence intervals. For the purposes of visualization, residual change scores for
each hormone were calculated and then z-scored for this ﬁgure.

when they receive social feedback indicating rejection by others,
they should experience higher cortisol at time 3 relative to time 1.
We ran a MANCOVA to test the effect of social feedback (rejection vs. acceptance) on two dependent variables, progesterone and
cortisol at time 3 controlling for progesterone and cortisol at time
1. We used Wilk’s lambda to assess multivariate effects. Using
Wilk’s lambda as the criterion, the composite dependent variate
is signiﬁcantly affected by social feedback, Wilk’s lambda = 0.81,
F(2, 99) = 11.75, p < 0.001, 2 = 0.74. Univariate ANOVAs were conducted on progesterone change and cortisol change separately.
There is a statistically signiﬁcant effect of social feedback on both
progesterone change, F(1, 98) = 5.25, p = 0.02, 2 = 0.02, and cortisol change, F(1, 98) = 7.48, p = 0.007, 2 = 0.04. The effect of social
feedback on progesterone change is signiﬁcant such that acceptance is associated with higher progesterone levels (M = 1.75 pg/ml,
SE = 0.02) whereas rejection is associated with lower progesterone
levels (M = 1.67 pg/ml, SE = 0.02). The effect of social feedback
on cortisol change is signiﬁcant such that acceptance is associated with lower cortisol levels (M = 0.12 ng/ml, SE = 0.03) whereas
rejection is associated with higher cortisol levels (M = 0.23 ng/ml,
SE = 0.03). (Means and standard deviations reported in log transformed progesterone and cortisol). In total, these results suggest
that afﬁliation (in contrast to rejection) leads to higher progesterone levels whereas rejection (in contrast to afﬁliation) leads to
higher cortisol levels (See Fig. 2).

3.1. Manipulation check

3.3. Opportunity for face-to-face interaction moderates effect of
individual differences by social feedback on hormone change

Social Feedback on Hormone Change
0.15

Z-Scored Change in Hormones

0.1

Rejection
Acceptance

0.05

0

-0.05

-0.1

-0.15

Progesterone

Cortisol

In order to test the validity of the social feedback manipulation
(rejection vs. acceptance), we ran an ANOVA with social feedback
as our independent variable and self-reported reaction to feedback as our dependent variable. Rejected participants reported that
the feedback made them feel relatively bad (M = 2.51, SD = 0.62)
whereas accepted participants reported that the feedback made
them feel relatively good (M = 4.23, SD = 0.76). Overall, rejected participants felt signiﬁcantly worse than accepted participants, F(1,
97) = 150.83 p < 0.001, 2 = 0.609. For this analysis, we did not have
data for all participants on the reaction to feedback variable because
it was added after 7 participants had already completed the study.
We measured our individual difference variables, social anxiety and rejection sensitivity, at the end of the study after our
manipulations. Because our measures of social anxiety and rejection sensitivity were intended to be trait variables, we ran ANOVAs
to check statistically whether they were affected by our manipulations. Social feedback did not signiﬁcantly affect social anxiety,
F(1, 103) = 0.03, p = 0.87, 2 = 0.0003, or rejection sensitivity, F(1,
103) = 0.97, p = 0.33, 2 = 0.009. Opportunity for face-to-face interaction also did not signiﬁcantly affect social anxiety, F(1, 103) = 2.02,
p = 0.16, 2 = 0.019, or rejection sensitivity, F(1, 103) = 1.66, p = 0.20,
2 = 0.016. The interaction of social feedback and opportunity for
face-to-face interaction also did not signiﬁcantly affect social anxiety, F(1, 101) = 0.02, p = 0.89, 2 = 0.0002, or rejection sensitivity,
F(1, 101) = 1.15, p = 0.29, 2 = 0.011. Furthermore, when we re-ran
these analyses controlling for baseline cortisol and progesterone,
social anxiety and rejection sensitivity were not signiﬁcantly different between conditions.
3.2. Effects of social feedback on hormone change
Based on previous research suggesting that progesterone is a
physiological marker of afﬁliation whereas cortisol is a physiological marker of stress, we predicted that when participants receive
social feedback indicating acceptance by others, they should experience higher progesterone at time 3 relative to time 1, and that

Based on hypotheses stemming from Maner et al. (2007) and
Maner et al. (2010), we predicted that the interaction between individual differences and social feedback (rejection vs. acceptance)
would be moderated by opportunity for face-to-face interaction
(blocked vs. face-to-face) in predicting progesterone change. We
tested these interactions separately for both individual difference
variables, social anxiety and rejection sensitivity. In addition, we
tested both models on cortisol change as well to assess whether
the effects were speciﬁc to progesterone change.2
3.3.1. Social anxiety
We ran a multiple regression analysis with log-transformed
progesterone at time 1, z-scored social anxiety, social feedback
(rejection = 0, acceptance = 1), opportunity for face-to-face interaction (blocked = 0, face-to-face = 1), and their interactions as the
predictor variables and log-transformed progesterone at time
3 as the outcome variable. The resulting model is signiﬁcant,
R2 = 0.71, F(11, 93) = 20.39, p < 0.001. The three-way interaction
between social anxiety, social feedback, and opportunity for faceto-face interaction is signiﬁcant, B = −0.17, t(93) = −2.66, p = 0.009,
SE = 0.07. The only marginally signiﬁcant simple–simple effect of
social anxiety on progesterone change is in the rejection/blocked
condition, B = −0.06, t(93) = −1.82, p = 0.07, SE = 0.03, such that
when participants are rejected and then interact behind a barrier, higher social anxiety predicts a decrease in progesterone. Two
simple interactions are statistically signiﬁcant. In the blocked condition, the simple interaction of social anxiety by social feedback is
signiﬁcant, B = 0.12, t(93) = 2.31, p = 0.02, SE = 0.05, such that higher
social anxiety is associated with increases in progesterone in the
acceptance condition but decreases in progesterone in the rejection
condition. Critically, in the rejection condition, the simple interaction of social anxiety by opportunity for face-to-face interaction is
signiﬁcant, B = 0.11, t(93) = 2.44, p = 0.02, SE = 0.04, such that higher
social anxiety is associated with increases in progesterone in the
face-to-face condition but decreases in progesterone in the blocked
condition. Thus, we see that in the rejection condition, the effect of
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Social Anxiety x Social Feedback x Opportunity for Face-to-Face Interaction

Rejection Sensitivity x Social Feedback x Opportunity for Face-to-Face Interaction
1.0

1.0
AcceAcceptance,
ptance, Face-to-Face
(1)
Face-to-Face
AcceAcceptance,
ptance, Blocked
(2)
Blocked
, Face-to-Face
Rejection
(3)
Rejection,
Face-to-Face
, Blocked
Rejection
(4) Rejection,
Blocked

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

Log-Transformed Progesterone (Time 3)

Log-Transformed Progesterone (Time 3)
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AcceAcceptance,
ptance, Face-to-Face
(1)
Face-to-Face
Blocked
Acce
(2) ptance,
Acceptance,
Blocked
on, Face-to-Face
Rejecti
(3) Rejection,
Face-to-Face
on, Blocked
Rejecti
(4) Rejection,
Blocked

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

High

Low

High

Low
Social Anxiety

Rejection Sensitivity

Fig. 3. The three-way interactions between individual difference variables, social feedback, and opportunity for face-to-face interaction on progesterone change. The pattern
of results is similar for both rejection sensitivity and social anxiety. In the rejection condition, the effect of rejection sensitivity and social anxiety on progesterone change is
signiﬁcantly moderated by an opportunity for face-to-face interaction such that higher rejection sensitivity and social anxiety is associated with increases in progesterone
in the face-to-face condition but decreases in progesterone in the blocked condition.

social anxiety on progesterone change is signiﬁcantly moderated
by an opportunity for face-to-face interaction (See Fig. 3).
We then ran the same multiple regression analysis with cortisol change as the dependent variable. The resulting model is
signiﬁcant, R2 = 0.50, F(11, 93) = 8.50, p < 0.001, but the only signiﬁcant effects are the covariates: log-transformed cortisol at
time 1, B = 0.64, t(93) = 7.73, p < 0.001, SE = 0.08, oral infections and
lacerations, B = −0.39, t(93) = 2.63, p = 0.01, SE = 0.15, and bleeding gums, B = 0.16, t(93) = 2.38, p = 0.02, SE = 0.07. The three-way
interaction between social anxiety, social feedback, and opportunity for face-to-face interaction is not signiﬁcant, B = −0.11,
t(93) = −1.36, p = 0.18, SE = 0.08. Furthermore, all of the main effects
and interaction effects involving social anxiety, social feedback, and
opportunity for face-to-face interaction are also not signiﬁcant.
3.3.2. Rejection sensitivity
We ran a multiple regression analysis with log-transformed
progesterone at time 1, z-scored rejection sensitivity, social feedback (rejection = 0, acceptance = 1), opportunity for face-to-face
interaction (blocked = 0, face-to-face = 1), and their interactions as
the predictor variables and log-transformed progesterone at time
3 as the outcome variable. The resulting model is signiﬁcant,
R2 = 0.71, F(11, 93) = 20.81, p < 0.001. The three-way interaction
between rejection sensitivity, social feedback, and opportunity
for face-to-face interaction is signiﬁcant, B = −0.20, t(93) = −3.05,
p = 0.003, SE = 0.06. The only marginally signiﬁcant simple–simple
effect of rejection sensitivity on progesterone change is in the rejection/blocked condition, B = −0.06, t(93) = −1.91, p = 0.06, SE = 0.03,
such that when participants are rejected and then interact behind
a barrier, higher rejection sensitivity predicts a decrease in progesterone. Three simple interactions are statistically signiﬁcant. In
the blocked condition, the simple interaction of rejection sensitivity by social feedback is signiﬁcant, B = 0.10, t(93) = 2.08, p = 0.04,
SE = 0.05, such that higher rejection sensitivity is associated with
increases in progesterone in the acceptance condition but decreases
in progesterone in the rejection condition. Critically, in the rejection condition, the simple interaction of rejection sensitivity by
opportunity for face-to-face interaction is signiﬁcant, B = 0.12,
t(93) = 2.58, p = 0.01, SE = 0.05, such that higher rejection sensitivity is associated with increases in progesterone in the face-to-face
condition but decreases in progesterone in the blocked condition.
Thus, we see again that in the rejection condition, the effect of rejection sensitivity on progesterone change is signiﬁcantly moderated
by an opportunity for face-to-face interaction. In order to test for
simple interactions in the face-to-face condition, we recoded the

opportunity for face-to-face interaction condition (face-to-face = 0;
blocked = 1). In the face-to-face condition, the simple interaction
of rejection sensitivity by social feedback is signiﬁcant, B = −0.10,
t(93) = 2.27, p = 0.03, SE = 0.04, such that higher rejection sensitivity
is associated with increases in progesterone in the rejection condition but decreases in progesterone in the acceptance condition
(See Fig. 3).3
We then ran the same multiple regression analysis with logtransformed cortisol at time 3 as the dependent variable. The
resulting model is signiﬁcant, R2 = 0.47, F(11, 93) = 7.61, p < 0.001,
but the only signiﬁcant effects are the covariates: log-transformed
cortisol at time 1, B = 0.62, t(93) = 7.27, p < 0.001, SE = 0.09, oral infections and lacerations, B = −0.39, t(93) = 2.55, p = 0.01, SE = 0.15, and
bleeding gums, B = 0.14, t(93) = 2.02, p = 0.05, SE = 0.07. The threeway interaction between rejection sensitivity, social feedback, and
opportunity for face-to-face interaction is not signiﬁcant, B = −0.05,
t(93) = −0.59, p = 0.56, SE = 0.09. Furthermore, all of the main effects
and interaction effects involving rejection sensitivity, social feedback, and opportunity for face-to-face interaction are also not
signiﬁcant.
4. Discussion
The present research shows that social feedback affects endogenous progesterone and cortisol in different ways. Being rejected
decreases progesterone and increases cortisol, whereas being
accepted increases progesterone and decreases cortisol. These
results support previous research showing that progesterone is
associated with afﬁliation (Schultheiss et al., 2004, 2003; Wirth and
Schultheiss, 2006), whereas cortisol is associated with psychosocial distress (Blackhart et al., 2007; Dickerson and Kemeny, 2004;
Gunnar et al., 2009).
Importantly, the effect of social feedback is moderated by situational and personality variables. We ﬁnd that the interaction
between social feedback (rejection vs. acceptance), opportunity for
face-to-face interaction (blocked vs. face-to-face), and individual
difference variables (social anxiety, rejection sensitivity) signiﬁcantly predicts progesterone change, but not cortisol change. We
take this to mean that progesterone is uniquely affected by the
afﬁliation manipulation (opportunity for face-to-face interaction)
and individual difference variables that affect afﬁliation motivation
(social anxiety and rejection sensitivity), allowing us to dissociate
the roles of progesterone and cortisol in this social context.
When we further unpack the signiﬁcant three-way interactions on progesterone change, we ﬁnd that when women are
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rejected and interact face-to-face with a novel person, those
higher in social anxiety/rejection sensitivity experience greater
increases in progesterone, but when women are rejected and
face-to-face interaction is blocked by a barrier, those higher in
social anxiety/rejection sensitivity experience greater decreases
in progesterone. Furthermore, we ﬁnd that when face-to-face
interaction is blocked, being socially accepted affects progesterone differently than being socially rejected. Accepted women
higher in social anxiety/rejection sensitivity experience greater
increases in progesterone whereas rejected women higher in social
anxiety/rejection sensitivity experience greater decreases in progesterone, as mentioned above. Both of these interactions are
driven by the fact that progesterone sharply decreases for those
high in social anxiety/rejection sensitivity when they have been
rejected and there is no opportunity to reafﬁliate in a face-to-face
interaction. This may signal a motivation for social avoidance, or
withdrawal, following rejection for those who cannot reafﬁliate
face-to-face and who are particularly socially anxious and sensitive
to rejection.
Maner et al. (2007) showed that rejected participants only seek
reconnection with others who are a realistic source of social connection, deﬁned as new interaction partners with whom actual
face-to-face interaction is anticipated. Our results support their
psychological ﬁndings with an additional layer of physiological evidence. Our study design allows us to test and demonstrate that
face-to-face interactions affect the release of progesterone. Likely,
face-to-face interactions affect progesterone because they facilitate afﬁliation and rapport (Chartrand and Bargh, 1999; Drolet and
Morris, 2000; Lakin and Chartrand, 2003; Okdie et al., 2011). Faceto-face interaction allows for nonverbal behaviors that have been
shown to increase rapport such as eye contact (Abramovitch and
Daly, 1978), smiling (Tickle-Degnen et al., 1988), nodding (Muntigl
et al., 2012), posture sharing (LaFrance and Broadbent, 1976), synchrony of movements (Hove and Risen, 2009; LaFrance, 1979;
Ramseyer and Tschacher, 2011), and mimicry of gestures, mannerisms, and behaviors (Chartrand and Bargh, 1999; Lakin and
Chartrand, 2003). Thus, when rejected people who are high in social
anxiety or rejection sensitivity have an opportunity to engage in
these nonverbal behaviors that help build afﬁliation, they have
signiﬁcantly greater increases in progesterone, a hormone associated with afﬁliation motivation, than when they do not have this
opportunity. In this context, our results suggest that rejected people highest in social anxiety or rejection sensitivity who interact
with a novel person face-to-face have high afﬁliation motivation,
as indexed by increases in progesterone.
Interestingly, in contrast to Maner et al. (2010), we found that
the effects of social anxiety and rejection sensitivity on progesterone change do not differ from one another. Our ﬁndings suggest
that what is driving the difference in effects reported by Maner
et al. (2010) is whether or not there is an opportunity for reafﬁliation. In Study 1, Maner et al. (2010) interpret their ﬁnding that
excluded participants high in social anxiety experience a decrease
in progesterone to mean that those high in social anxiety tend to
be motivated to withdraw following exclusion, but in that study,
participants also did not have an opportunity for reafﬁliation. If not
having an opportunity for reafﬁliation is actually what drove their
effect, then their results are consistent with ours. In Study 2, Maner
et al. (2010) interpret their ﬁnding that rejected participants high
in rejection sensitivity experience an increase in progesterone to
mean that those high in rejection sensitivity tend to be motivated
to afﬁliate following rejection, but in this study, participants also
had a perceived opportunity for reafﬁliation in a face-to-face interaction. If having an opportunity for reafﬁliation is what actually
drove their effect, then, again, their results are in line with ours. Our
results show that the effect of social anxiety and rejection sensitivity do not differ from one another, rather what seems to be driving

the effects reported by Maner et al. (2010) is whether or not there
was a realistic opportunity to reafﬁliate following rejection.
Progesterone may serve a dual purpose of both facilitating afﬁliation and decreasing psychosocial distress (Wirth, 2011). We have
made the case that progesterone is linked to afﬁliation, but we also
want to emphasize its connection to stress reduction. Research has
shown that progesterone decreases stress in animal studies (Bitran
et al., 1995, 1993; Romeo et al., 1993). The mechanism by which
progesterone decreases stress is by conversion of progesterone
into allopregnanolone, a powerful anxiolytic that reduces stress in
two ways: (1) by acting on GABA receptors in the brain and (2)
by downregulating gene transcription for corticotrophin-releasing
hormone in the HPA axis (Bitran et al., 1995, 1993; Patchev et al.,
1996, 1994). Based on evidence from animal models, we can extrapolate from this research to suggest that in humans increases in
progesterone likewise have the potential to reduce stress (Bitran
et al., 1995, 1993; Patchev et al., 1994). The role of progesterone
in decreasing psychosocial distress is particularly important to
consider in the context of rejection and may facilitate approachoriented, afﬁliation motivation (Wirth, 2011). In fact, we speculate
that the inverse relationship that we observed between cortisol
and progesterone may have been caused by a downstream effect of
progesterone on cortisol.
We would like to emphasize that this is the ﬁrst study to examine the downstream effect of social rejection on progesterone and
cortisol as participants engage in a social interaction with another
person. This design allowed us to test how cortisol and progesterone respond in a motivationally tuned manner to the social
context and individual differences that affect social motivations to
either afﬁliate or withdraw. Thus, our study uniquely addresses
the complexity of how the social context and individual differences affect hormone responses to social interactions following
rejection. A previous study examined the effect of social exclusion
on cortisol, progesterone, and testosterone, but used a computerized ball tossing game to manipulate exclusion and inclusion
(Seidel et al., 2013). The manipulation did not affect cortisol, which
might suggest that participants did not think that the manipulation
was realistic. Furthermore, in women, but not men, both inclusion
and exclusion led to increases in progesterone, which the authors
speculate may reﬂect a general afﬁliative response during social
interactions. By not using paradigms with actual face-to-face interactions with other people, it is difﬁcult to understand how social
exclusion and social rejection affect our physiology in the real world
in which social contexts and individual differences matter.
Despite the contributions we have discussed, this study has a
few limitations that should be kept in mind when interpreting the
results. First, since we tested only women in our study, we cannot
generalize our ﬁndings to men. While some research has shown
that afﬁliation motivation increases progesterone in both men
and women (Schultheiss et al., 2004), other research has demonstrated sex differences in the link between baseline progesterone
and afﬁliative motivation (Schultheiss et al., 2003). Therefore,
more research is needed to test how individual difference variables (social anxiety and rejection sensitivity) and opportunity for
face-to-face interaction affect progesterone following rejection or
acceptance in men. Second, we measured individual difference
variables, social anxiety and rejection sensitivity, at the end of the
study after our manipulations, which means they could have potentially been affected by our manipulations. Although we statistically
conﬁrmed that self-reported social anxiety and rejection sensitivity did not differ by manipulated condition, it would be preferable
in future work to measure these trait variables before participants
come to the lab or at least in advance of the manipulation. Third,
based on the literature supporting the link between progesterone
and afﬁliation motivation (Schultheiss et al., 2003, 2004), we measured progesterone as a marker of afﬁliation motivation rather than

K.A. Duffy et al. / Psychoneuroendocrinology 76 (2017) 174–182

181

measuring afﬁliation motivation directly. Future research should
measure self-reported or implicit afﬁliation motivation alongside
progesterone to ensure that progesterone is indeed indexing afﬁliation motivation. Fourth, the average level of progesterone that
we report is considered high and may be due the use of sugarless
chewing gum to stimulate saliva ﬂow (Schultheiss, 2013). Recent
research has shown that sugarless chewing gum leads to higher
reported levels of progesterone when measured using radioimmunoassays (Schultheiss, 2013). Although we used Trident original
ﬂavor sugarless chewing gum and Schultheiss (2013) used Orbit
spearmint ﬂavor sugarless chewing gum, the level of progesterone
may have been artiﬁcially inﬂated by the use of sugarless chewing
gum. Finally, social anxiety and rejection sensitivity are moderately correlated so future research should also measure constructs,
such as negative affect and neuroticism, that may underlie both
social anxiety and rejection sensitivity. Doing so would disambiguate whether negative affect or neuroticism can explain these
presently-reported effects.
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S.J. Stanton, and L.T. Harris provided critical revisions. All authors
approved the ﬁnal version of the manuscript for submission.

5. Conclusions

Conﬂicts of interest

Overall, our results demonstrate the effect of social feedback,
opportunity for face-to-face interaction, and individual difference
variables on progesterone. We support previous ﬁndings that
progesterone may serve as a physiological marker of approachavoidance motivation (Maner et al., 2010). When women have an
opportunity to reafﬁliate face-to-face, rejection increases progesterone particularly for those high in social anxiety and rejection
sensitivity. Increases in progesterone may signal afﬁliation motivation and/or approach motivation. When women do not have
an opportunity to reafﬁliate face-to-face, rejection may decrease
progesterone particularly in those high in social anxiety and rejection sensitivity. Decreases in progesterone may signal withdrawal
and/or avoidance motivation. Our results emphasize how context
plays a role in motivations for afﬁliation and withdrawal following
rejection: for women high in social anxiety or rejection sensitivity,
having an opportunity for reafﬁliation in a face-to-face is critically
important.
Footnotes
1. We have reported the results at time 3 rather than time 2 because
the effects at time 2 were directionally consistent with time 3
only slightly weaker. This strengthening of the effect over time
may be partially explained by the time delay steroid hormones
experience passively diffusing into saliva after being released
into the bloodstream.
2. For the individual difference measures, need to belong and interpersonal reactivity, we ran the same analyses that we included
in our manuscript for social anxiety and rejection sensitivity. For log-transformed progesterone at time 3, the three-way
interaction between need to belong, social feedback, and opportunity for face-to-face interaction is non-signiﬁcant, B = −0.09,
t(93) = −1.38, p = 0.17, SE = 0.07, and the three-way interaction
between interpersonal reactivity, social feedback, and opportunity for face-to-face interaction is also non-signiﬁcant, B = −0.04,
t(93) = −0.54, p = 0.59, SE = 0.07. Likewise, for cortisol change, the
three-way interactions are non-signiﬁcant for need to belong,
B = −0.01, t(93) = −0.11, p = 0.91, and interpersonal reactivity,
B = −0.07, t(93) = −0.85, p = 0.40, SE = 0.09.
3. When we run the analyses excluding participants who report
taking any medication, it does not change the signiﬁcance or pattern of results. Because progesterone varies across the menstrual
cycle, we also statistically conﬁrmed that menstrual cycle phase
did not affect our results. In order to use menstrual cycle phase as

a covariate, we created a categorical coding scheme for the early
follicular phase (day 1 to day 7), late follicular phase (day 8 to day
14), and late luteal phase (day 15 and beyond). We also created a
category for women who did not have a menstrual cycle. When
we run the analyses controlling for menstrual cycle phase with
this categorical covariate, it does not change the signiﬁcance or
pattern of results.
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