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a b s t r a c t
The dominant characterization of the physiological and behavioral human stress reaction is the ﬁghtor-ﬂight response. On the other hand, it has been suggested that social afﬁliation during stressful times
(“tend-and-befriend”) also represents a common adaptive response to stress, particularly for women. In
the current study, we investigate the extent to which men may also show afﬁliative responses following
acute stress. In addition, we examine a potential neuroendocrine modulator of the hypothesized afﬁliative
response. Eighty male students (forty dyads) were recruited to undergo either the Trier Social Stress Test
for Groups (TSST-G) or a non-stressful control situation. Subsequently, participants completed a dyadic
interaction task and were then asked to report their feelings of psychological closeness to their interaction
partner. Although participants assigned to the stress condition did not differ overall on psychological
closeness from participants assigned to the control condition, participants with high cortisol responses
to the stressor showed signiﬁcantly higher ratings of psychological closeness to their interaction partner
than participants with low cortisol responses. Our ﬁndings suggest that men may form closer temporary
bonds following stressful situations that are accompanied by a signiﬁcant cortisol response. We suggest
that the traditional characterization of the male stress response in terms of “ﬁght-or-ﬂight” may be
incomplete, and that social afﬁliation may in fact represent a common, adaptive response to stress in
men.
© 2015 Elsevier Ltd. All rights reserved.

1. Introduction
Typically, the human stress response is portrayed as the “ﬁghtor-ﬂight” response, which describes a physiological mechanism
that enables humans to mobilize energy rapidly in order to cope
with threats to survival (Cannon, 1932). Expanding on this theory,
Taylor et al. (2000) proposed that although both men and women
share the physiological aspect of the ﬁght-or-ﬂight response, an
alternative behavioral stress response is more characteristic for
women—namely, the tendency to “tend-and-befriend”. This theory suggests that when faced with threat, women might be more
inclined to tend to offspring, afﬁliate with others, and seek protection in groups (see Taylor and Master, 2011; for a review of relevant
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ﬁndings). This pattern of afﬁliative behavior is assumed to have
evolved as a strategy to protect the self and offspring from harm.
For example, a meta-analysis of sex differences in coping behavior
found that women are overall more likely than men to seek social
support in order to cope with stress (Tamres et al., 2002). In a series
of classic experimental studies on afﬁliation and stress, Schachter
(1959) reported that female participants expecting painful electric
shocks were more inclined to wait with other women than those
expecting painless electric shocks. Thus, experimental evidence
conﬁrms that the anticipation of threat can increase afﬁliative tendencies in women.
Geary and Flinn (2002) have suggested that the tend-andbefriend model should be expanded to include men. They argue that
parental investment in humans is a reproductive strategy evident in
both sexes, and thus male tending during stressful times is similarly
adaptive. Also, male befriending in the form of coalition formation in times of threat, as seen in preindustrial human societies
and non-human primates, can be seen as a distinct feature of the
male ﬁght-or-ﬂight response (Geary and Flinn, 2002). To date, however, there have been very few direct tests of afﬁliative responses
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following acute stress, in particular addressing the possibility of
male afﬁliative behavior. One recent study showed that male participants who experienced acute social stress were more inclined
to exhibit prosocial behavior in the form of trust, trustworthiness
and sharing with an anonymous partner in a computer-based interaction task compared to participants that were not stressed (Von
Dawans et al., 2012). In another series of studies, physically painful
experiences were found to promote the perception of interpersonal
bonding and cooperative behavior in an economic game for both
men and women (Bastian et al., 2014). Furthermore, both male and
female participants who expressed their affection towards a loved
one in a letter showed an accelerated endocrine stress recovery
compared to control participants (Floyd et al., 2007), and both male
and female participants who experienced social exclusion showed
increased afﬁliative motives (Maner et al., 2007). Together, these
ﬁndings suggest that tend-and-befriend behavior is not exclusive
to women, but might also act as an alternative stress response and
as an effective stress-coping mechanism in men.
Several studies suggest that cortisol release in response to stress,
rather than the mere fact of exposure to a stressor, may be a key
factor in the modulation of subsequent social cognition. In a study
on moral decision-making following stress, although participants
who had undergone stressful and non-stressful control tasks did
not differ on moral decisions overall, a larger increase in cortisol
levels was associated with more egoistic decision-making (Starcke
et al., 2011). In a study on memory following stress, although participants who had undergone stressful and non-stressful situations
did not differ on memory performance overall, a larger increase in
men’s cortisol levels was associated with greater impairments in
recall (Wolf et al., 2001). Furthermore, differential effects of cortisol release under acute social stress on a social cognition task
have been found in men and women (Smeets et al., 2009). Specifically, whereas high cortisol-responding men showed increased
social cognition skills (mind reading abilities) compared to low
cortisol-responding men, the opposite effect was observed for
female participants. Furthermore, high cortisol-responding men in
the Trier Social Stress Test (TSST; Kirschbaum et al., 1993) showed
signiﬁcantly lower performance on a social recognition memory
task (face-name associations) compared to low cortisol-responding
participants and non-stressed participants (Takahashi et al., 2004).
These ﬁndings indicate that the magnitude of HPA axis reactivity
to acute social stress moderates a range of responses and might
therefore also regulate afﬁliative responses to stress.
Previous research has established that women have the tendency to afﬁliate with others while anticipating stress (Schachter,
1959). Furthermore, a substantial amount of research has
demonstrated that social support attenuates physiological and
psychological responses to stress (e.g., Kamarck et al., 1998;
Kirschbaum et al., 1995; Heinrichs et al., 2003). However,
social responses following acute stress have been greatly underresearched, especially in male samples. Unlike the series of studies
conducted by Schachter (1959), the present work tested men and
examined post-stress social afﬁliation. One core feature of afﬁliation is the degree of psychological closeness between individuals
(i.e., a feeling of intimacy and connection to the other person; Aron
et al., 1997). Thus, subjective feelings of closeness can be seen as
both an outcome of tend-and-befriend motivation and behavior,
as well as a likely contributor to the stress-buffering properties
of social afﬁliation. To the best of our knowledge, no published
studies have examined changes in psychological closeness between
strangers following acute stress. We therefore set out to investigate
whether stress inﬂuences the perception of interpersonal closeness
in men. In particular, we tested whether acute stress would increase
feelings of interconnectedness and thus lead individuals to form
closer temporary relationships to a stranger in a subsequent social
interaction.

Male participants were either assigned to the stress or control condition of the Trier Social Stress Test for Groups (TSST-G;
Von Dawans et al., 2011). Following the TSST-G, participants
underwent the Fast Friends Procedure (Aron et al., 1997). In this
procedure, feelings of closeness between strangers are created
through reciprocal and personal self-disclosure in a live face-toface interaction. In line with the tend-and-befriend hypothesis, we
expected that stressed participants would report greater feelings
of subjective closeness to their conversation partner than control participants. Additionally, given the prior research showing
relationships between the magnitude of HPA axis reactivity to an
acute stressor and subsequent social cognition, we also speciﬁcally
examined whether greater cortisol responses in the stress group
predicted higher closeness ratings.
2. Material and methods
2.1. Participants
Eighty healthy male students (Mage = 22.49, SD = 1.69) from the
University of Freiburg were recruited via ﬂyers and posters and told
that they would take part in a study on the effects of hormonal
changes on human behavior. Participants were excluded if they
indicated that they studied psychology, were familiar with the TSST
procedure, had any acute or chronic psychiatric or medical illness,
took prescription medicine, abused alcohol or drugs, or smoked
more than ﬁve cigarettes a day. Participants were instructed to
consume standard meals on the day of the study and to abstain
from alcohol, exercise, caffeine, and medication 24 h before the
study, and from food two hours before the study. All participants
received 25D for participation. The study was approved by the
local institutional review board and written consent was obtained
from participants prior to testing. We decided a priori to recruit
80 participants, analyze all complete observations, and report all
manipulations and measures (Simmons et al., 2011).
2.2. Procedure
Participants were divided into four-person groups1 and were
randomly assigned, as a group, for either the stress or the control
condition of the TSST-G. Each group was tested for two and a half
hours in the late afternoon, from 16 h 15 to 18 h 45, to control for the
daily rhythm of cortisol secretion. Upon arrival at the lab, the group
of participants was led to the “waiting room” and completed a ﬁrst
set of online questionnaires for psychometric assessment. Baseline
measures for cortisol and subjective stress were obtained. Throughout the experiment, a total of seven samples of saliva for cortisol
analysis and ﬁve subjective anxiety measures per participant were
obtained (see Fig. 1 for timeline). Participants were individually
ﬁtted with heart rate monitors (chest straps and watches) in a separate room. After returning to the waiting room, participants were
instructed to stand for ﬁve minutes for a baseline assessment of
heart rate. Heart rate was continuously monitored throughout the
primary TSST-G and Fast Friends procedures. Participants were not
allowed to talk to each other before and during the stress induction phase, and dividing walls separated the participants before
and during stress exposure and prevented visual contact between
them.
The instructions for the stress or the control task of the TSSTG were then given to the participants (for a detailed description of
the TSST-G, see Von Dawans et al., 2011). Depending on their condition assignment, participants were told to either prepare for a mock

1
Four individuals were tested in two-person groups due to last-minute participant cancellations.
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Fig. 1. Sequence of events and timeline.

job interview (stress condition) or to prepare to read a text (control condition). They were also told that an additional task would be
explained by a panel of two judges after completion of the ﬁrst task.
Participants had ten minutes to prepare for the interview or textreading task. Following the preparation phase, participants were
led to the “testing room.” There, a panel of two judges, both trained
research assistants, led them through the stress or control task.
In the stress condition, participants completed a public speaking
task followed by a challenging mental arithmetic task. In the control condition the participants followed a similar procedure, but
without any of the stressful components. Instead of the simulated
job interview and the mental arithmetic task, control participants
were asked to read a simple text simultaneously in a low voice
followed by an easy counting task. Also, whereas in the stress condition the participants were ﬁlmed during the public speaking task
and the two judges were dressed in white lab coats, no cameras or
lab coats were present in the control condition. After the TSST-G
stress or control procedure, participants were divided into groups
of two (after the experimenter conﬁrmed that the members of each
dyad were strangers to each other) and were led into two different
rooms for the Fast Friends Procedure (FFP).
The FFP is a protocol that was designed by Aron et al. to quickly
establish closeness between strangers (Aron et al., 1997). Two
participants sat next to each other and were provided with an
instruction form and a set of 12 cards. Participants were instructed
to read aloud the question or task written on the cards in an
alternating order. Both participants were required to answer the
question or perform the task and then to go on to the next card.
An abbreviated version of the original FFP was used in the present
study that lasted 15 instead of the original 45 min and involved
a slightly modiﬁed version of the ﬁrst out of three sets of cards
developed by Aron et al. (1997) (see Appendix). An ofﬂine coder
conﬁrmed, by watching video recordings of the FFP sessions, that
all participants followed task instructions satisfactorily. Following
the FFP, the participants were brought back to the “waiting room”,
where they ﬁlled out the second set of questionnaires, including
the interpersonal closeness measures. Participants then removed
the heart rate chest straps and watches and the ﬁnal samples of
saliva were obtained. Participants were then debriefed about the
purpose of the study and received payment for participation.

2.3. Stress response measures
The endocrine stress response was assessed by measuring
salivary levels of cortisol, using Salivettes (Sarstedt, NümbrechtRommelsdorf, Germany). Seven saliva samples were obtained

before and after the stress exposure task (at −40, −12, −2, +20, +45,
+55, and +80 min relative to TSST-G onset). Samples were stored in
a freezer at −20 ◦ C after each experiment. For biochemical analyses, the samples were spun at 3000 revolutions for 10 min to
obtain 0.5–1.0 ml of clear saliva with low viscosity. Salivary cortisol concentrations were determined by a commercially available
chemiluminescence immunoassay (CLIA; IBL, Hamburg, Germany).
Interassay and intra-assay coefﬁcients of variation were below 8%.
The autonomic stress response was assessed by measuring heart
rate throughout the main tasks of the study using a wireless heart
rate chest strap transmitter and a recording wristwatch (Polar
RS800TM, Polar Electro, Finland). Continuous beat-to-beat intervals were recorded and subsequently aggregated to mean levels
of 60 s intervals for heart rate analyses. For ﬁnal analyses, heart
rate data from ﬁve minutes before, to ﬁve minutes after, the stress
manipulation were used. Due to technical problems, heart rate data
was not recorded for three participants (one in the control, two
in the stress condition). Heart rate recordings were uploaded and
stored on the local hard drive of a computer in a locked room after
each session.
Subjective stress was measured with a visual analogue scale
(VAS) ﬁve times during the study: 40 min and 12 min before the
stress manipulation, immediately after the TSST-G and 45 min after
TSST-G onset. Participants indicated their level of anxiety, physical
discomfort, desire to leave the situation (avoidance), and emotional arousal on a scale ranging from 0 (not strong at all) to 100
(very strong). We dropped from the analyses a ﬁfth item on the
VAS (intended to measure control) because of the low and nonsigniﬁcant correlation with the other four items (r = −.17). The
mean value over the remaining four items was calculated for each
participant and each measurement point to obtain an overall value
of subjective stress (Cronbach’s ␣ > .77 between the four scales for
all measurement points).

2.4. Interpersonal closeness measures
To assess feelings of interpersonal closeness, participants
answered six questions using a 9-point Likert-type scale: “How
close do you feel to your conversation partner?”, “How similar
are you to your conversation partner?”, “How much do you like
your conversation partner?”, “To what degree could you imagine
becoming friends with your conversation partner in the future?”,
“Compared to all your other relationships, how close would you
describe the relationship with your conversation partner to be?”,
“Compared to relationships other people have, how close would
you describe the relationship with your conversation partner to

4

J. Berger et al. / Psychoneuroendocrinology 63 (2016) 1–9

be?”. The last two questions are adopted from the Subjective Closeness Index (SCI; Berscheid et al., 1989). Additionally, the Inclusion
of Other in the Self (IOS) Scale (Aron et al., 1992) was included
as a visual closeness measure. Using the IOS Scale, participants
chose one out of seven pairs of increasingly overlapping circles,
labeled Self and Other, that best described the relationship to their
conversation partner.
The six interpersonal closeness questions were highly correlated
(Cronbach’s ␣ = .85); thus, we created a composite measure from
the mean value (mean closeness) of the six items. The visual (IOS)
scale showed poor convergent validity with the other closeness
measures (whereas Aron et al. (1992) reported that the IOS Scale
showed convergent validity with the SCI questions (r = .34), no signiﬁcant correlation was found in our study (r = .15), suggesting that
it was not a valid measure of closeness for our particular sample).
We therefore dropped the IOS and retained the six-item composite mean closeness measure for all further analyses of interpersonal
closeness.

Table 1
Characteristics of Stress and Control
means ± standard error of the mean.

2.5. Psychometric measures

3.2. Stress responses

Several psychometric questionnaires were used to check
whether participants in the stress and control condition were
comparable on demographic, clinical and personality variables.
Speciﬁcally, participants’ trait anxiety (STAI-T; Laux et al., 1981),
social interaction anxiety (SIAS; Stangier et al., 1999), autism spectrum quotient (AQ; Freitag et al., 2007), empathy (IRI; Davis, 1983),
extraversion, and openness (NEO-FFI-30; Körner et al., 2008) were
assessed.

The effect of the stress manipulation was tested using two-way
ANOVAs with repeated measures, with time of sampling as the
within-subject factor and condition as the between-subjects factor. Cortisol increased signiﬁcantly more over time in the stress
condition than in the control condition (main effect of time, F(2.54,
197.73) = 12.02, p < .001, p 2 = .13; main effect of condition, F(1,
78) = 13.02, p < .001, p 2 = .14; time by condition interaction, F(2.54,
197.73) = 25.48, p < .001, p 2 = .25). The stress group also showed a
signiﬁcantly greater increase in heart rate over time (main effect
of time, F(8.88, 666.23) = 35.37, p < .001, p 2 = .32; main effect of
condition, F(1, 75) = 1.75, p = .19, p 2 = .02; time by condition interaction, F(8.88, 666.23) = 2.82, p < .05, p 2 = .04) as well as subjective
stress (main effect of time, F(2.44, 187.7) = 23.32, p < .001, p 2 = .23;
main effect of condition, F(1, 75) = 2.56, p = .114, p 2 = .03; time
by condition interaction, F(2.44, 187.7) = 10.79, p < .001, p 2 = .12).
These results indicate that the stress manipulation was successful in eliciting the endocrine, autonomic and subjective stress
response. Mean levels of cortisol, heart rate and subjective stress
for control and stress participants are shown in Fig. 2.

2.6. Statistics
Cortisol, heart rate and subjective stress were analyzed using
two-way analyses of variance (ANOVAs) with repeated measures.
The factors were condition (between-subjects factor: stress and
control) and time (repeated factor: 30 for heart rate, 7 for cortisol, 5 for subjective stress). We examined the role of condition
and cortisol responses on interpersonal relationships using hierarchical linear modeling with robust standard errors to control
for non-independence of observations within dyads. We entered
both the dependent and the independent variables at the item
level and grouped observations by dyad. The area under the curve
with respect to increase (AUC) was calculated for the physiological stress measures (cortisol and heart rate), to allow correlational
analyses of repeated measures data.2 The AUC is a method to
aggregate data that assess changes over time, and is frequently
used in neuroendocrinological research (Pruessner et al., 2003).
To obtain an overall measure of subjective stress for the session,
the baseline value on the VAS was subtracted from the maximum
value for each participant. Associations between the different stress
responses and interpersonal closeness ratings were tested using
Spearman’s rank correlations (Spearman’s ), since the aggregated
measures of cortisol and heart rate were not normally distributed.
The level of signiﬁcance was set at p < .05 and two-tailed tests are
reported.

2

Speciﬁcally, we report AUC-I (area under the curve with respect to the increase),
which aggregates changes over time relative to the baseline measurement. Using
AUC-G (area under the curve with respect to the ground), which aggregates changes
over time relative to zero, does not substantially change any of the main results.

N
Age (years)
Trait Anxiety (STAI-T)
Social Interaction Anxiety (SIAS)
Autism (AQ)
Empathy (IRI)
Extraversion (NEO-FFI-30)
Openness (NEO-FFI-30)

Groups.

Individual

cells

depict

Stress

Control

Group comparison

42
22.6 (±.3)
38.6 (±1.6)
18.4 (±1.5)
17.6 (±.9)
58.6 (±1.4)
15.3 (±.6)
16.2 (±.7)

38
22.4 (±.3)
38.0 (±1.2)
21.1 (±1.6)
19.3 (±1.1)
58.0 (±1.3)
14.7 (±.6)
16.5 (±.7)

t(76) = −.3, ns
t(76) = −.3, ns
t(76) = 1.2, ns
t(76) = 1.2, ns
t(76) = −.5, ns
t(74) = −.8, ns
t(73) = .2, ns

3. Results
3.1. Participant characteristics
Participants in the stress and control condition did not differ signiﬁcantly in age, trait anxiety, social interaction anxiety,3 autism,3
empathy, extraversion or openness (See Table 1).

3.3. Interpersonal closeness
We examined the role of condition and cortisol responses on
interpersonal relationships using hierarchical linear modeling with
robust standard errors to control for non-independence of observations within dyads. Salivary cortisol is considered one of the
most reliable stress measures and as the main biomarker in stress
research (Kirschbaum and Hellhammer, 1994) and we assumed
that HPA axis reactivity could inﬂuence social responses to stress,
in accordance with previous ﬁndings (e.g., Smeets et al., 2009;
Starcke et al., 2011). Although no differences in relevant personality traits were found between the stress and control groups in our
study, preliminary analyses showed that ratings of interpersonal
closeness were signiﬁcantly correlated to self-reported empathy
and extraversion (r = .35, p = .001, and r = .31, p = .005, respectively),
and also that extraversion was signiﬁcantly correlated to cortisol

3
Eight participants scored above the suggested clinical cutoff score of 36 on the
SIAS (Peters, 2000). Two participants scored equal to or above the suggested clinical
cutoff score of 32 on the AQ (Baron-Cohen et al., 2006). Excluding these participants
does not change results of any of the main tests; thus, they are included in the
reported results.
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Fig. 2. Mean levels of salivary cortisol (a), heart rate (b), and subjective stress (c) for the stress and control group. Errors bars indicate standard errors of the mean.
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Fig. 3. Relationship between cortisol reactions (AUC-I, area under the curve with respect to the increase) and feelings of psychological closeness. Negative values for the cortisol
measure indicate that cortisol levels decreased through the session. Label inside each data point indicates the dyad (Stress condition = dyads 1–21; Control condition = dyads
22–40).

responses (rs = .28, p = .01). Thus, empathy and extraversion scores
were also entered into the regression as covariates.4
We entered the dependent variable (mean closeness), two independent variables (condition, dummy coded with 0 = control and
1 = stress, and cortisol), and two covariates (empathy and extraversion) at the item level. We grouped observations by dyad and
z-scored all continuous variables.
Undergoing the stress (versus control) condition did not, on its
own, predict signiﬁcantly different ratings of interpersonal closeness, (b = −.14, z = −.69, p = .49). Cortisol increase, however, was a
signiﬁcant predictor of ratings of interpersonal closeness (b = .32,
z = 3.39, p = .001). Speciﬁcally, participants who showed greater
increases in cortisol reported more interpersonal closeness with
their conversational partner (see Fig. 3). This relationship held
regardless of whether empathy and extraversion were included
in the regression model. When the interaction between condition
and cortisol was included in the model, the main effect of cortisol dropped to non-signiﬁcance (b = .06, z = 0.39, p = .70) because of
the presence of a signiﬁcant interaction (b = .42, z = 2.12, p = .03).
The positive relationship between cortisol increase and ratings of
interpersonal closeness was driven by participants in the stress
condition (b = .49, z = 4.07, p < .001) and was not signiﬁcant for participants in the control condition (b = .05, z = .30, p = .76).
3.4. Correlations between stress responses and interpersonal
closeness
Correlational analyses were used to test for associations
between aggregated values (see “Stress Response Measures”) of the
endocrine, autonomic and subjective stress measures, and between
these measures and interpersonal closeness ratings. Cortisol and
heart rate responses were not signiﬁcantly correlated in the stress
group (rs = .17, p = .29), or in the control group (rs = .11, p = .53). Subjective stress ratings were also not signiﬁcantly correlated with
cortisol responses in either the stress (rs = −.06, p = .69) or control

4
Removing either or both of these covariates does not signiﬁcantly change the
reported ﬁndings.

condition (rs = .16, p = .34). There was also no signiﬁcant correlation between subjective stress ratings and heart rate responses for
stress (rs = −.08, p = .64) and control participants (rs = −.29, p = .08).
In the control condition, all three stress response measures showed
no signiﬁcant association with mean closeness (all ps > .19). In the
stress group, mean closeness was found to be highly positively correlated to cortisol levels (rs = .47, p < .001), but not to subjective
stress or heart rate measures (all ps > .54).

4. Discussion
The current study investigated the effects of acute social stress
on men’s subjective feelings of post-interaction closeness. Overall,
participants in the stress group did not show higher ratings on the
psychological closeness measures than those in the control group.
However, larger cortisol responses predicted signiﬁcantly higher
feelings of interpersonal closeness to conversation partners on the
closeness questions. These ﬁndings suggest that the combination
of stress and cortisol secretion can lead individuals to experience
closer bonds when interacting socially.
Our results are in line with theorizing that humans tend to afﬁliate with others in times of distress (Taylor et al., 2000). Although
the tend-and-befriend response was originally hypothesized to be
speciﬁcally relevant to women, our study suggests that men also
use afﬁliation as a stress coping mechanism, in the case that a
pronounced endocrine stress response also occurs. This strategy
might have been useful for our evolutionary ancestors in times of
threat, when immediate aggressive behavior or escape from danger were not appropriate options. Feelings of closeness may have
promoted the formation or maintenance of alliances or coalitions.
This understanding of the tend-and-befriend hypothesis corresponds to the considerations made by Geary and Flinn (2002),
who have advocated male tending and befriending from an evolutionary standpoint. Although the evolutionary function of the
afﬁliative stress response remains speculative, different behavioral
consequences for men and women could be hypothesized. Whereas
women could be more inclined to establish and maintain protective relationships when stressed (Taylor, 2006), afﬁliation under
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stress in men could also have evolved in order to form coalitions
for the purpose of attacking or defending against enemies (Geary
and Flinn, 2002). In addition to behavioral beneﬁts, the afﬁliative
stress response could also have evolved as an efﬁcient biological
coping mechanism to accelerate recovery from physiological stress
symptoms, as indicated by Floyd et al. (2007).
We found that higher ratings of post-interaction closeness were
speciﬁcally predicted by higher cortisol levels, rather than exposure to an acute laboratory-based stressor per se. The fact that 13
out of 42 participants in our stress group showed a low, or no, salivary cortisol stress response (less than 2.5-nmol/l salivary cortisol
increase, in accordance to ﬁndings by Wüst et al., 2000) may explain
the lack of overall condition differences in mean closeness ratings. It
should be noted, however, that using a median peak-baseline split
of the stress group, we found that “low cortisol responders” did not
differ from “high cortisol responders” in subjective levels of stress
directly following stress exposure, or heart rate (AUCI ’s), suggesting
that they were indeed affected by the stressor despite their lack of
a cortisol response. This discrepancy among subjective, endocrine
and physiological responses to stress has been previously reported
in other studies using the TSST-G (e.g., Von Dawans et al., 2011) and
the original TSST (e.g. Kirschbaum et al., 1995; Nicolson, 2007). In
additional analyses, mean closeness was found to be positively correlated to cortisol responses, but not to subjective stress and heart
rate in the stress group. Our current ﬁnding therefore suggests that
afﬁliation in response to stress may be particularly modulated by
the magnitude of the cortisol response.
Individual differences in cortisol responses to stress could indicate for whom, and under which circumstances, social afﬁliation
under stress occurs. Gaab et al. (2005) demonstrated that anticipatory cognitive appraisal is an important psychological determinant
of the cortisol stress response and can explain up to 35% of the variance of cortisol secretion in response to acute stress. It has been
found that participant’s perception of psychological stressors as
uncontrollable and as posing a threat of negative evaluation is associated with the largest cortisol changes (Dickerson and Kemeny,
2004). Correspondingly, Epel et al. (1998) showed that individuals
who feel challenged instead of threatened by a stressor display a
more resilient endocrine proﬁle, including quicker cortisol recovery. Individuals with a high stress-induced cortisol response may
perceive the TSST-G as more of a threat, whereas those with less
pronounced HPA axis activation might feel more positive affect in
form of being challenged by the stress task (Buchanan and Preston,
2014). It could therefore be speculated that the afﬁliation stress
response only emerges as a coping strategy in situations that are
perceived as threatening and that consequently induce endocrine
stress responses. This interpretation would correspond to previous considerations about the evolutionary function of the afﬁliative
stress response discussed above.
Although it is uncertain how HPA axis activity regulates afﬁliation under stress, recent research indicates that the neuropeptide
oxytocin is involved in mediating social stress buffering. Taylor et al.
(2000) have suggested that the oxytocin system is also a possible neuroendocrinological basis for tend-and-befriend responses
to stress. The link between social afﬁliation and oxytocin has been
documented in a number of mammalian species (e.g., Carter, 1998;
Insel and Young, 2001; Meyer-Lindenberg et al., 2011). Of speciﬁc
relevance to the current ﬁndings, it has been shown that oxytocin
released in response to stress regulates HPA axis activity (Neumann
et al., 2000). An elevated release of oxytocin, as found in breastfeeding women, has been shown to attenuate the endocrine stress
response (Heinrichs et al., 2002). In addition, male participants
who received exogenous (intranasal) oxytocin showed lower cortisol responses to acute social stress and the effect was strongest
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when oxytocin was combined with prior social support (Heinrichs
et al., 2003). Chen et al. (2011) demonstrated that a genetic variation of the oxytocin system mediates the stress-buffering effects of
social support in men. Direct experimental support for the involvement of oxytocin in afﬁliative stress responses comes from Cardoso
et al. (2013), who demonstrated that oxytocin administered via
nasal spray promotes social approach behavior in times of distress by increasing self-perceived trust in both male and female
participants. Thus, the oxytocin system appears to function within
afﬁliative neurocircuitry that could also be responsible for the evocation of social approach behavior in response to acute stress in
men. Increased availability of brain oxytocin after stress is assumed
to attenuate physiological stress reactions and to stimulate social
bonding. Additional research will be necessary to examine the speciﬁc relationships among HPA axis activity, oxytocin and afﬁliative
stress responses. In particular, future research should address the
possibility that heightened levels of oxytocin following stress can
play a causal role in the relationship between stress and subsequent
social cognition and behavior.
Since we examined participants’ perception of interpersonal
closeness after a structured social task and not naturalistic social
approach behavior, future research will be necessary to conﬁrm
whether stress-induced HPA axis activity would also prompt individuals to choose or actively seek out social contact. By using a diary
method (Bolger et al., 2003), for example, the inﬂuence of daily
stressors experienced in a more naturalistic setting on afﬁliation
behavior could be assessed. Also, although none of the personality trait measures included in our study explained the relationship
between cortisol and afﬁliation responses, further research should
be conducted in which cortisol levels are experimentally manipulated to conﬁrm the existence of a causal relationship between
cortisol and afﬁliation responses. This design would also clarify whether exogenous administration of cortisol (independent of
stress induction) yields a comparable effect on feelings of closeness
as the one demonstrated in our study. Future studies designed to
quantify speciﬁc actions by participants during the stress procedure
as well as during the Fast Friends Procedure may provide insight
into whether particular behaviors mediate the link between cortisol and closeness ratings. In our study, conversational partners
underwent the stressor together, which may have inﬂuenced their
subsequent impressions of their conversational partner; future
studies should also investigate afﬁliative responses after individual
stress exposure. Finally, as the current study and previous research
(Von Dawans et al., 2012) focused on examining the afﬁliative
stress response in men, future research will be necessary to conﬁrm
whether women would show similar, or even increased, feelings of
closeness using comparable study designs. Future studies incorporating participants of both sexes within the same study design
could more directly compare afﬁliative stress responses of men
and women, as well as afﬁliation towards same- and opposite-sex
strangers.
In conclusion, the ﬁndings of the present study support the
existence of stress-induced afﬁliation responses in healthy young
men. We found that the magnitude of the cortisol response predicted participants’ subjective ratings of interpersonal closeness to
their conversation partners in a post-stress communication task.
These ﬁndings suggest that men may form closer temporary bonds
following stressful situations that are accompanied by a significant cortisol response. As such, the present study contributes
to the understanding of social stress regulation and challenges
commonly-held views on the behavioral ﬁght-or-ﬂight response in
men. Although acute stress has traditionally been associated with
negative outcomes, it may actually serve an important role in social
afﬁliation and bonding processes in humans.
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Appendix A.
Fast Friends questions (adapted from Aron et al., 1997).
1. Given the choice of anyone in the world, whom would you
want as a dinner guest?
5 Would you like to be famous? In what way?
3. Before making a telephone call, do you ever rehearse what
you are going to say? Why?
6 What would constitute the “perfect” day for you?
7 When did you last sing to yourself? To someone else?
6. If you were able to live to the age of 90 and retain either the
mind or body of a 30-year-old for the last 60 years of your life,
which would you want?
8 Name three things that you and your conversation partner
seem to have in common.
8. If you could wake up tomorrow having gained any one quality
or ability, what would it be?
9 For what in your life do you feel most grateful?
10. If you could change anything about the way you grew up,
what would it be?
11. Take three minutes and tell your partner your life story in as
much detail as possible.
12. If a crystal ball could tell you the truth about yourself, your
life, the future, or anything else, what would you want to know?
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