www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

Neuroendocrine

and psychophysiological
investigation of the evolutionary
roots of gossip

Konrad Rudnicki'?*, Irina Spacova?, Charlotte De Backer?, Caroline E. M. K. Dricot?,
Sarah Lebeer® & Karolien Poels?

This study investigates an evolutionary hypothesis of gossip postulating that in humans it serves

a similar function as social grooming in other primates. It examines whether gossip decreases
physiological markers of stress and increases markers of positive emotionality and sociability. Dyads
of friends (N = 66) recruited at the university, participated in an experiment where they experienced

a stressor followed by social interaction (gossip or control task). Individual levels of salivary cortisol
and B-endorphins were assessed at before and after social interactions. Sympathetic activity and
parasympathetic activity were monitored throughout the experiment. Individual differences in
Tendency and Attitude towards Gossip were investigated as potential covariates. Gossip condition was
characterized with increased sympathetic and parasympathetic activity, but did not differ in cortisol
or B-endorphins levels. However, high Tendency to Gossip was associated with decreases in cortisol.
Gossip was shown to be more emotionally salient than non-social talk, but the evidence with regard to
lowering stress was not sufficient to support an analogy to social grooming.

Living in social groups provides substantial evolutionary advantages. Cooperation helps groups obtain resources
and increases the survival chances of offspring, but it also entails many challenges that individuals have to face.
In particular, social hierarchies expose individuals to stressors, such as harassment and exploitation by higher-
ranking group members’. As a result, social animals had to develop mechanisms of building social cohesion and
trust to maintain cooperation and alleviate the stress of group living. In most primates, social grooming is one
of the main mechanisms responsible for that’. Primates spend as much as 20% of their waking time cleaning
and gently touching each other, which is enough to maintain trust within groups as large as 50 individuals?. In
comparison, humans naturally form social groups of up to 150 individuals, even though they spend significantly
less time on social grooming than other primates®. This means that humans must have found other, more effective
ways of building trust and social cohesion. One of the hypotheses addressing that issue was formulated in the
1990s by Robin*™, who proposed that language and, in particular—gossip—replaced social grooming in humans
as a primary way of bond formation. He reasoned that verbal communication is more effective than physical
grooming because it can be addressed to multiple group members simultaneously, which explains the rise of
group size from 50 in non-human primates to 150 in humans. Furthermore, gossip, understood as an exchange
of information about absent third parties, seems like an excellent way of promoting in-group cooperation by
disseminating social information about which group members are trustworthy and which are not’. Despite the
popularity of that hypothesis among evolutionary psychologists and communication scholars®™'°, there were
virtually no studies that would examine if there is neuroendocrine or psychophysiological evidence for it. The
aim of this study is to address that and determine if interpersonal gossip in humans elicits similar neuroendocrine
and psychophysiological effects as social grooming elicits in other primates.

Social grooming has well-established effects on the physiology of primates’. In particular, it is highly efficient
at reducing stress levels via several mechanisms'’. Physical contact during grooming is registered as an innocu-
ous sensory activation, which involves separate neural pathways from other types of sensory stimulation'?. That
activation causes the release of hormones that counteract the stress response. For instance, in Talapoin monkeys,
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grooming causes a significant increase in the levels of S-endorphins'®. Endorphinsi.e., endogenous opioids) are
primarily involved in regulating pain perception by acting as analgesics'*. In humans, their psychological effect
is often described as the “runner’s high, characterized by a sense of relaxation and well-being'®. In primates, it
is regarded as one of the primary mechanisms underlying the bonding effect of social grooming®. That claim is
well-founded since pharmacologically blocking the receptors for endorphins in macaques was shown to reduce
the motivation to engage in grooming®. Suppose the hypothesis of Robin Dunbar holds true and gossip gradually
replaced grooming. In that case, it can be expected that humans will exhibit increased secretion of 8-endorphins
during gossip compared to other social interactions (Hypothesis 1).

Other hormones were also shown to change as a result of social grooming. In particular, cortisol levels
decrease when primates groom each other. This effect has been demonstrated in several primate species, includ-
ing male baboons', rhesus monkeys'!, barbary macaques'” and male chimpanzees'®. Cortisol is one of the most
widespread markers of stress'®. Cortisol release is one of the components of the fight-or-flight response and
mediates the adverse effects of stress both in primates and in humans. Thanks to social grooming, primates
can down-regulate cortisol levels and prevent the debilitating effects of chronic stress. Humans can do that as
well since research shows that interpersonal touch alleviates our levels of cortisol?’. However, we do not know
if gossip can also have a similar effect on cortisol levels. Only one published study has ever reported cortisol
levels before and after gossip (in a relatively small sample = 22) and found no significant changes®!. However, the
participants in the study by*! were not required to be friends with each other. In this study, we want to investigate
if gossip affects cortisol levels during interactions between people who are already close to each other to relate
these results to primates who do not groom strangers but only members of their social group. We hypothesize
that gossiping will cause a more substantial decrease in cortisol levels than other types of social interactions
between friends (Hypothesis 2).

The decrease in stress levels due to social grooming is evident not only in neuroendocrine data but also in
psychophysiological signals that measure autonomic activity. Both branches of the autonomic nervous system
are crucial regulators of stress and social behavior??. Sympathetic nervous system activation is a part of the stress
response and shifts attentional resources to search for threats instead of bonding opportunities®. In contrast,
parasympathetic nervous system activation is higher when the environment is perceived as safe and promotes
sociability and bonding®. This is true for humans as well as other primates. Social grooming was shown to be
related to decreased sympathetic activity of pigtail macaques®* and increased parasympathetic activity of rhesus
monkeys®. Similarly, in humans, positive social interactions were shown to increase parasympathetic activity**-2’,
while negative emotionality and social anxiety were associated with an increase in sympathetic activity®*->,
Surprisingly, there is still no human data whether gossip affects their autonomic activity. In line with the evolu-
tionary hypothesis of gossip by Robin®, we hypothesize that gossiping will result in a more substantial decrease
in sympathetic activity Hypothesis 3a and a more substantial increase in parasympathetic activity Hypothesis
3b compared to other social interactions.

Hypothesizing that gossip can alleviate the neuroendocrine and psychophysiological markers of stress relies
on the assumption that a gossiping individual experienced stress in the first place. After all, one of the most
important functions of grooming in primates is consolation after stress®. Similarly, in humans physical contact
after stressors was shown to reduce stress levels regardless of the stressor type*’. An example of such a behavior
can be seen in children who seek social support from their parents after suffering injuries during play. Receiv-
ing that social support was shown to prevent the adverse effects of social stress®>. To hypothesize that gossip
acts in humans the same way as grooming in primates entails that it should serve as a tool of social support.
That hypothesis was initially pursued by, who showed that nurses indeed treat gossip as means of obtaining
social support. However, in contrast,”” did not find any evidence for gossip being a coping mechanism. In online
surveys, she found that more conflict in the workplace resulted in more gossip and that gossip did not help with
relieving the stress stemming from that conflict. On the contrary, employees who gossiped more also experi-
enced more stress. As a result, most research in organizational science treats gossip as a stressor that was shown
to be moderately related to higher occupational stress®®. These mixed results stem from the fact that gossip may
be perceived drastically different depending on the position of an individual within the group. For gossipers, it
may be a tool for defending against others who break the group norms (see,!, while for gossipees it is a threat to
their reputation®. Therefore, it is essential to note that gossip is hypothesized to serve as a tool of social support
and stress relief for the gossipers themselves, only if they trust each other and if they experienced some stressors
before gossiping. As a result, in this study, we will investigate dyads of friends who separately experience a stressor
and then come together to interact.

Methods

Participants. Students (N = 66, Mag = 21.01, SD = 1.64, male = 16.6%) from the University of Antwerp
were recruited via emails and online advertisements. Participants registered in dyads and were instructed to
only register with someone they consider their friend. There were no requirements for the length of the friend-
ship; however upon registration, participants reported how long they knew each other prior to the experiment
(Myonths = 35.53,SD = 43.54).

Design and procedure. A mixed 2x2 experimental design was used, where time serves as the within fac-
tor, while interaction type (gossip vs. control task) serves as the between factor. The timeline of the experiment
is presented in Fig. 1.

The protocol of this study was approved by the Ethics Committee of the Antwerp University Hospital (Project
ID 2021—1733—BUN B3002021000279). All procedures performed in this study were in accordance with the
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Figure 1. Timeline of the experiment.

ethical standards of the institutional research committee and with the 1964 Helsinki declaration and its later
amendments.

Upon arrival at the laboratory, participants were escorted to separate rooms and signed the informed consent
forms. Next, two experimenters simultaneously prepared the participants by installing sensors for electrodermal
activity (EDA) and electrocardiogram (ECG). After installing the sensors, participants were left alone in their
respective rooms to collect a 5-min baseline recording. After the baseline recording, experimenters collected the
first saliva sample for hormonal measurements. Samples were collected using the Salivettes® (Sarstedt,Niimbrecht,
Germany), which require participants to place cotton swabs in their mouth and chew for 60 s. The average saliva
volume usually recovered from samples is 1.1 &= 0.3 ml according to the manufacturer.

Throughout the experiment, at four timepoints (baseline, after the stressor, after the social interaction and
during recovery) participants filled out self-report questionnaires concerning their perceived emotional state
(Physiological Arousal QuestionnaireSupplementary materials*’; Self- Assessment Manikin*!. The results of these
analyses are included in the .

Stressor: the cold pressor test.  After collecting the first samples, participants were subjected to the stressor—the
Socially-Evaluated Cold Pressor Test (CPT)—the current golden standard for experimental stress elicitation
and was consistently shown to cause an increase in cortisol levels*2. In that task participants submerge their
hands in a tank of cold water (0-2°C) for as long as they can (up to 3 min). Additionally, during the submersion,
participants are instructed to look into a camera recording their faces with the live recording playing in their
field of vision. While the participants’ hands are in the cold water, the experimenter pretends to take notes and
evaluate the participant, simulating the stressor of social evaluation. The participant is not allowed to talk during
the CPT, and should they stop looking into the camera, the experimenter asks the participant to look into the
camera again.

Social interaction: gossip task and control task. After finishing the CPT, participants were moved to the same
room to engage in social interactions. Dyads of participants were randomly assigned to one of two conditions:
gossip condition or control condition. In the gossip condition, participants received five vignettes describing
various stories of controversial behavior by other people (e.g., cheating on a romantic partner, avoiding respon-
sibilities at work/school). Each story was accompanied by a set of questions asking the participants to discuss
whether something like that ever happened to them or to people they personally know and what they think
about the behavior of those people. Participants were instructed to familiarize themselves with the vignettes and
discuss the questions together for 15 min.

To examine if gossip is more efficient at stress relief than other types of interactions, we designed a control
condition that would entail a discussion that does not involve any exchange of social information about absent
people. In the control condition, participants received twenty pictures of common household objects and were
instructed to devise creative ways of using them. Previous research already showed that this task does not elicit
any social information exchange®.

After 15 min of social interaction, participants were moved to separate rooms, and the second round of saliva
samples was collected. The following two saliva sample collections occurred 15 and 30 min after the end of the
social interaction. Except for a short period when experimenters collected the third round of saliva samples,
participants remained in solitude (recovery period) for 30 min following the social interaction. After the recovery
period concluded participants were debriefed about the purpose of the experiment and remunerated with a fee
of 30 euro per person.

Psychophysiological recordings. To measure sympathetic activity, tonic and phasic components had
to be derived from electrodermal activity (EDA). EDA was measured using a Shimmer3 GSR wearable device
(Consensys) from electrodes placed on participants’ palms (sampling rate: 128 Hz). EDA signal was decomposed
into two sub-components: tonic and phasic EDA. Both measures were obtained using continuous decomposi-
tion analysis with Ledalab software following the procedures devised by*%. Tonic EDA indicates a slowly-chang-
ing general level of arousal and sympathetic activity*, while phasic EDA signifies rapid sympathetic reactivity
to environmental stimuli*.

To measure parasympathetic activity, heart rate variability (HRV) had to be derived from an electrocardio-
gram (ECG). ECG was recorded with Shimmer3 ECG wearable device (Consensys) from electrodes placed on
participants’ chests (sampling rate: 512 Hz). To derive HRV, R-peaks were detected using Kubios HRV software
(Biomedical Signal Analysis Group, Department of Applied Physics University of Kuopio, Finland). The Fourier
transform was used to obtain power spectra of the inter-beat-interval signal waveform, and the log-transformed
high-frequency band (0.15-0.4 Hz) was extracted as a marker of parasympathetic activation®’.
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High-frequency HRV was selected for this study, since it is the most widely used marker of parasympathetic
activation in particular, and is not influenced by sympathetic innervation of the heart*. As a result, it is positively
correlated with positive emotions during social interactions (e.g, cheerfulness® and negatively correlated with
stress and anxiety?’.

Psychophysiological measurements have a much higher temporal resolution than hormonal measurements
since it takes several minutes for hormones to gradually excrete from the organism. As a result, within the time
of the experiment, we were able to collect four saliva samples. In contrast, EDA can be measured continuously
at 128Hz, while HF-HRYV is recommended to be averaged over periods of approximately 5 min*’. Therefore,
EDA and HF-HRV were averaged over 5-min periods throughout the whole experiment, with the exception of
CPT, which lasted 3 min.

Hormone levels. All of the saliva samples were immediately stored at -20°C upon collection. All of the
samples were analyzed within 3 months from the collection. After thawing, Salivettes © were centrifuged for 2
min at 1000xg.

Salivary cortisol levels were assessed using the enzyme-linked immunosorbent assay kit (ELISA) by Enzo Life
Sciences (ADI-900-071) according to the manufacturer instructions. Inter- and intra-assay variation coefficients
were 6.7% and 3.2% respectively.

Salivary B-endorphins levels were assessed using the ELISA kit by Novus Biologicals (NBP2-78774) according
to the manufacturer instructions. Inter- and intra-assay variation coefficients were 13.6% and 6.5% respectively.

Samples were registered at the Biobank Antwerpen, Antwerp, Belgium; ID: BE 71030031000 (528 samples—
human saliva)*.

Because it takes time for cortisol and B-endorphins to permeate from organs into saliva, the collections of
saliva samples had to be planned with a time delay between the tasks and the target samples. Past research on
stress, cortisol and B-endorphins allowed between 15 and 45 min for the analytes to permeate into saliva**.
In this study, the sample collected right after the social interaction represents hormone levels affected by the
Cold Pressor Test, and the samples collected during the recovery period represent hormone levels affected by
the social interaction.

Cortisol exhibits high diurnal variation—its levels surge after waking, rapidly decrease for the next few hours
and then decline slowly until nighttime®'. To reduce the impact of that variance on the results of this study, all
of the cortisol collections took place after 12PM local time.

Individual differences in gossip. Past research revealed that people differ in their attitudes towards
gossip and tendency to engage in gossip®?. Those differences were shown to moderate the outcomes of social
interactions®**. In order to ensure that the effects of gossip on hormone levels and psychophysiology are not
dependent on individual differences, participants filled out two questionnaires upon registration.

To estimate how often do participants engage in gossip spontaneously, they filled out the Tendency to Gossip
Questionnaire developed by Nevo et al.>® The scale consists of 20 items rated on a 7-point scale (from never to
always) which form 4 subscales describing tendency to gossip about different topics (appearance, social informa-
tion, achievement, sublimated)(Cronbach o = 0.82). Then, to assess participants’ opinions about the morality of
gossip, they completed the Attitudes Towards Gossip scale created by™2. It consists of 29 items rated on a 5-point
scale (from disagree strongly to agree strongly) (Cronbach o = 0.80).

Results

In order to examine if hormone levels, autonomic activity and self-reported perceptions changed as a function
of time, repeated measures ANOVAs were performed with the type of social interaction (gossip vs. control) set
as the between-subjects factor and individual differences (Tendency to Gossip, Attitude Towards Gossip) set
as covariates. Greenhouse-Geisser corrections were applied in the models where the assumption of variance-
covariance matrix sphericity was violated. Analyses of normality revealed that the distributions of cortisol levels
and B-endorphins levels were positively skewed. To satisfy the assumptions of the performed statistical tests
hormone levels were log-transformed prior to the analysis.

To investigate whether the length of friendship affected the effects of social interactions on hormone levels
and psychophysiological recordings, it was included as a co-variate in all the analyses. The results revealed no
effect of the length of friendship on interaction-induced changes in any of the study variables. The only effect of
the friendship length was visible during CPT. Participants’ who knew each other longer exhibited higher cortisol
release during CPT F(2.5,135.43) = 2.99,p < 0.05, n2 = 0.05.

B-endorphins. Changes in S-endorphins levels are presented in Fig. 2c.

B-endorphins levels did not significantly change as a result of CPT, F(1.02,45) = 2.43,p = 0.13, r)z = 0.05, but
significantly increased as a result of the social interaction, F(1,45) = 4.52,p < 0.05, n2 = 0.09 and decreased dur-
ing recovery F(1,46) = 14.97,p < 0.05, 5> = 0.25. There were no significant differences between the gossip condi-
tion and the control condition in the levels of f-endorphins at any point F(1.90, 81.47) = 1.37,p = 0.26, n2 =0.03

Neither Tendency to Gossip, F(1.66,33.18) = 2.09, p = 0.15,*> = 0.10, nor Attitude Towards Gossip,
F(1.66,33.18) = 0.55,p = 0.55, nz = 0.03, were significant covariates of the levels of 8-endorphins.

B-endorphins levels showed several correlations to other neuroendocrine and psychophysiological measure-
ments (see Supplementary materials).

Statistical analysis of 8-endorphins found no evidence for the hypothesis 1 that gossip alleviates stress through
increasing B-endorphins secretion.
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Figure 2. Changes in hormone levels during the experiment. (a) changes in cortisol depending on the type of
social interaction (gossip vs. control), (b) changes in cortisol in the gossip condition depending on the Tendency
to Gossip, (¢) changes in S-endorphins depending on the type of social interaction (gossip vs. control).

*p < 0.05,**p < 0.01, ns. - insignificant, error bars: + SEM. Horizontal brackets indicate which time-points
significantly differed from each other. Asterisks without the brackets indicate that at that timepoint gossip
condition significantly differed from the control condition.

Cortisol. Changes in cortisol levels are presented in Fig. 2a.

Cortisol levels significantly rose as a result of CPT, F(1,62) = 8.78,p < 0.01,»> = 0.12, and signifi-
cantly decreased as a result of the social interaction, F(1,61) = 6.74,p < 0.05, nz = 0.10. There were no
significant differences between the gossip condition and the control condition in the rate of that decrease
F(1,61) = 0.00,p = 0.99, n> = 0.00.

However, Tendency to Gossip significantly covaried with the effects of gossiping on cortisol decrease,
F(1,30) = 5.40,p < 0.05, r)z = 0.15, while Attitude Towards Gossip did not F(1,29) = 1.04,p = 0.32, 172 = 0.03.
The interaction between the Tendency to Gossip and cortisol levels is presented in Fig. 2b.

Statistical analysis of salivary cortisol levels found partial support for the hypothesis 2 that gossip alleviates
stress through reducing cortisol secretion. The hypothesized effects seems to be present only in people with high
Tendency to Gossip.

Sympathetic activity. The changes in sympathetic activity are presented in Fig. 3a,b.
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Figure 3. Changes in participants’ autonomic activity during the experiment. Vertical dotted lines mark the
beginning and end of the social interaction. Each datapoint represents a 5-min epoch, with the exception of
CPT, which lasted 3 min. EDA— Electrodermal Activity, CPT-Cold Pressor Test, HF-HRV—High Frequency
Heart Rate Variability. *p < 0.05,**p < 0.01, error bars: + SEM. Asterisks without the brackets indicate that at
that timepoint gossip condition significantly differed from the control condition.

Endogenous, slowly changing level of arousal measured with tonic EDA significantly increased from baseline
to CPT and throughout the social interaction, F(1.32,84.36) = 27.12,p < 0.01, n2 = 0.30, but these increases
did not differ between gossip and control conditions, F(1, 32, 84.36) = 27.12,p = 0.84, 772 = 0.00. Changes in
tonic EDA were not affected by neither Attitude Towards Gossip, F(1.36,40.67) = 0.83,p = 0.51, n2 = 0.03, nor
Tendency to Gossip, F(1.36,40.67) = 0.82,p = 0.41, > = 0.03.

Arousal in response to environmental stimuli measured with phasic EDA did not change as a result of
CPT, F(1,64) = 0.62,p = 0.44,1> = 0.01, but significantly changed as a result of the social interaction,
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F(2.43,155.9) = 29.70,p < 0.01, 7% = 0.32, and these changes differed between gossip and control conditions,
with gossip condition eliciting higher phasic EDA, F(2.20, 140.91) = 4.22,p < 0.05,* = 0.06.

The effects of gossip on phasic EDA were significantly affected by Attitude Towards Gossip,
F(2.58,77.28) = 3.00,p < 0.05, 7> = 0.09, but not Tendency to Gossip, F(2.58, 77.28) = 0.38, p = 0.82, > = 0.01
Participants with more positive Attitude Towards Gossip exhibited stronger phasic EDA increase. Consistently,
both Tendency to Gossip and Attitude Towards Gossip positively correlated with phasic EDA (see Fig. 4).

Statistical analysis of phasic and tonic EDA found no support for the hypothesis 3a that gossip alleviates
stress through reducing sympathetic activation. On the contrary, gossip caused higher phasic EDA levels than
the control task, especially in people with higher attitude towards gossip.

Parasympathetic activity. The changes in parasympathetic activity are presented in Fig. 3c.

Parasympathetic activity measured with HRV did not change as a result of CPT,
F(1,60) = 0.30,p = 0.59, nz = 0.01, but significantly increased as a result of the social interaction
F(2.75,161.97) = 28.34,p < 0.01, %> = 0.32. HRV increased significantly more in the gossip condition than in
the control condition F(2.75,161.97) = 4.53,p < 0.01, n2 = 0.07.

The effects of gossip on HRV were not affected by neither Attitude Towards Gossip,
F(2.78,83.451) = 1.97,p = 0.10, n> = 0.06, nor Tendency to Gossip, F(2.78, 83.451) = 1.84, p = 0.15,n? = 0.06.

Statistical analysis of HRV found evidence for the hypothesis 3b that gossip promotes sociability through
enhancing parasympathetic activation.

Discussion

This study aimed to investigate whether gossip between human friends can be considered a bonding mechanism
akin to social grooming in other primates. To answer that question, we performed an experiment in which neu-
roendocrine and psychophysiological markers that mediate the bonding effects of social grooming in primates
were monitored in gossiping humans. We hypothesized that gossip will increase parasympathetic activity and
salivary levels of 8-endorphins, while decreasing sympathetic activity and salivary levels of cortisol. The results
showed that: a) gossip increases both sympathetic and parasympathetic activity, b) does not alter S-endorphin
levels, and ¢) can only conditionally lower cortisol levels. Taken together, these results lend themselves to the
idea that gossip is a salient emotional cue, which affects autonomic activity during social interactions®®. How-
ever, the evolutionary hypothesis that gossip in humans is an equivalent of social grooming in other primates
remains unresolved®.

In this study, gossip did not affect salivary -endorphins. This suggests that the neuroendocrine mechanism
responsible for bonding in primates during social grooming® is not active when humans gossip after physi-
cal stressors. Salivary S-endorphins in humans can be interpreted in two ways. First, their levels are strongly
correlated with feelings of euphoria, which manifests itself, for example, when people jump on a bungee®® or
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take psychoactive substances®. Most commonly, those positive feelings are called the runner’s high because 8
-endorphins are responsible for the euphoric effects of physical exercise in humans*-¢'. Second, B-endorphins
are sometimes used as stress markers®?. These two seemingly contradictory interpretations stem from the same
underlying function of S-endorphins. Namely, as endogenous opioids, they are responsible for alleviating pain
when necessary and for facilitating the activity of the reward system®*%%. As a result, when people engage in
risky behaviors (e.g., bungee jumping or drug use) or enter stressful situations, the endogenous opioid system
anticipates possible pain and releases analgesic f-endorphins. Indeed, as markers of stress, 8-endorphins are used
among stomatology researchers interested in preventing dental patients’ pain®*. The relaxing, analgesic and
euphoric properties of f-endorphins may be responsible for mediating the effects of social grooming on bonding
in non-human primates®’. However, more research is required to test whether that is true also in humans. Gos-
sip surely serves a role in human bonding, as evidenced by other studies*>*’, but the patterns of S-endorphins
release after a socially evaluated physical stressor did not differ as a function of gossip.

In contrast to B-endorphin, when cortisol is used as a biomarker in psychological research, it is almost exclu-
sively an indicator of acute stress®. In this experiment, to elicit cortisol secretion, we employed one of the most
reliable experimental manipulations of stress—the Cold Pressor Test (CPT)%. Recent meta-analyses confirmed its
effectiveness® and consistently, in our experiment, CPT caused an increase in cortisol levels. Thus, we were able
to observe if gossip would be more effective at reducing cortisol compared to an interaction that did not involve
talking about other people. The results showed that it was not, as cortisol levels in the gossip condition did not
significantly differ from the control condition. This is consistent with the study by*!, who found no effect of gos-
sip on cortisol levels. There are many positive interactions between humans that were shown to help with stress
by decreasing cortisol levels. Cortisol drops when we are hugged’®, listen to someone read us a story”* or listen
to music’?. The evolutionary hypothesis of gossip predicts that gossip should act similarly to those interactions.
Even though in our study gossip did not elicit greater changes in cortisol than the control task, it could be partly
due to the nature of the stressor. Cold Pressor Test involves both physical pain and social evaluation, while the
evolutionary hypothesis of gossip focuses solely on social stressors. Future studies should address this limitation
and investigate whether gossip exhibits a stronger influence over social stressors (such as the Trier Social Stress
Test). These future studies are critical since our study did find some link between gossip and cortisol release.
Namely, we found that the tendency to gossip moderates the effects of gossip on cortisol levels®. Participants
who reported higher tendency to gossip exhibited a significant reduction in cortisol levels during the gossip task
(see Fig. 2b). The fact that gossip was effective enough at alleviating stress only in people who frequently gossip
may suggest that it is an effective coping mechanism only when it constitutes a valuable tool for the gossipers.
In other words, gossip might help with stress only when the gossiper sees a clear purpose for their gossip (e.g.,
status gain, manipulating the reputation of others) (see”*. Because gossip is used to improve social status, those
with a high tendency to gossip are typically those who lack that status in the first place’. Future work should
consider whether gossip is an effective coping mechanism for those who rank low within dominance hierarchies
and lack social status”.

To examine if gossip facilitates sociability and positive emotionality, this study also examined moment-to-
moment changes in sympathetic activity (i.e., arousal) measured with electrodermal activity (EDA). The results
showed that phasic EDA—a measure of rapid, stimuli-driven arousal spikes—was significantly higher in the
gossip condition than in the control condition. This result is contrary to the original hypothesis that gossip alle-
viates arousal. This counter-intuitive result likely stems from a misinterpretation of the role of the sympathetic
nervous system in an interaction between friends (i.e., a safe, non-threatening stimulus). In most research, EDA
is used as a marker of stress or negative arousal’>. However, sympathetic nervous system produces arousal not
only as a part of the fight-or-flight response but as a part of many positive emotions as well’®”’. In other words,
EDA can only be used to measure the arousal aspect of the emotional response, while the valence aspect has to be
determined otherwise. As a result, it was not possible to determine whether the arousal during the studied social
interactions was experienced as positive or negative. Social cues are generally known to be very salient and elicit
arousal, which may explain the results obtained in this study’®””. Consistently, we also discovered that people
who self-reported a higher tendency to gossip and a more positive attitude towards gossip exhibited stronger
phasic EDA responses during the gossip task (see Fig. 4c). This shows that the saliency of gossip is reflected in
the magnitude of sympathetic response when it happens. Interestingly, the same can be said about the relation
between gossip and parasympathetic response.

Parasympathetic nervous system activation is thought to promote social interactions by diminishing the
fight-or-flight response®. In the absence of threats, parasympathetic activation increases and shifts motivation to
socialization. Consequently, high-frequency heart rate variability (HRV), which is a marker of parasympathetic
activation, has been shown to positively correlate with social approach?”*’, promote cooperation® and social
cognition®. Because feelings of safety are a prerequisite for parasympathetic activation, HRV is also positively
related to emotions with positive valence, like calmness and cheerfulness®. In our experiment, HRV increased
significantly more in the gossip condition, suggesting that in that condition participants’ motivational resources
were directed more towards social cues and that the valence of emotions they experienced was more likely to
be positive. Together with an increase in sympathetic activity, these results indicate that gossip is significantly
different at eliciting emotional responses from other, regular interactions between friends.

One of the limitations of the current study is the absence of a manipulation check. In particular, we were
unable to record the participants’ conversations to ensure beyond any doubt that they did not gossip in the
control condition and that they did in the experimental condition. However, not recording the participants was
a conscious decision intended to increase the ecological validity of the results. We know people change their
behavior unpredictably when observed®. Usually, this is already an issue for the validity of the collected data,
but it becomes especially problematic when sensitive data is being collected. We asked participants to discuss the
controversial behavior of people they know. Recording their conversations would raise two dire problems. First,
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it would be an ethical violation with regard to the personal data of the people our participants would discuss.
Second, since participants would be aware of being recorded—the content of their gossip would be less likely to
contain sensitive information. This would reduce the ecological validity of the experimental manipulation since
it is precisely the sensitive nature of the exchanged social information that is hypothesized to be responsible for
the effects of gossip.

Another potential limitation of this study is the skewed proportion of women to men in the analyzed sample.
There are two important sex differences relevant to studying the influence of gossip on stress. First, men and
women differ in their likelihood of engaging in gossip and their motivations to do so**. Men were shown to
use gossip to improve their access to resources by learning new information®. In contrast, women gossip more
to bond and manipulate reputation®. In particular, gossip is important for women when resolving conflicts®.
The second sex difference concerns reactivity to stress. Men and women are known to react to different stressors
with different magnitudes, but most importantly, they also engage in different behaviors to cope with them®”. The
results of this study pertain primarily to women since they constituted the majority of the participants. Future
research should address whether gossip has different effects on stress in men and women.

Overall, this study found no evidence supporting the evolutionary hypothesis that gossip in humans is analo-
gous to social grooming in other primates. However, the results have not strongly contradicted that hypothesis
either. B-endorphins did not change as a result of social interactions, while cortisol level decreases were contin-
gent on individual differences in the tendency to gossip. The results also revealed that gossip differs from a joint
creativity task between friends by resulting in increased arousal and sociability. This result supports the notion
that gossip facilitates in-group cooperation by constituting a salient channel of social information exchange.

Data availibility
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.

Received: 7 October 2022; Accepted: 16 February 2023
Published online: 22 February 2023

References
1. Rubenstein, D. I. (1978). On predation, competition, and the advantages of group living. In Social behavior (pp. 205-231). Springer,
Boston, MA.
2. Lehmann, J.,, Korstjens, A. H. & Dunbar, R. I. Group size, grooming and social cohesion in primates. Anim. Behav. 74(6), 1617
(2007).
3. Dunbar, R. L. The social role of touch in humans and primates: Behavioural function and neurobiological mechanisms. Neurosci.
Biobehav. Rev. 34(2), 260-268 (2010).
. Dunbar, R. I. Coevolution of neocortical size, group size and language in humans. Behav. Brain Sci. 16(4), 681-694 (1993).
. Dunbar, R. I. M. Grooming, Gossip, and the Evolution of Language (Harvard University Press, 1998).
. Dunbar, R. I. Gossip in evolutionary perspective. Rev. Gen. Psychol. 8(2), 100-110 (2004).
. De Backer, C. J. & Gurven, M. Whispering down the lane: The economics of vicarious information transfer. Adapt. Behav. 14(3),
249-264 (2006).
. Buss, D. M. Evolutionary Psychology: The New Science of the Mind (Routledge, 2019).
. Foster, E. K. Research on gossip: Taxonomy, methods, and future directions. Rev. Gen. Psychol. 8(2), 78-99 (2004).
10. Feinberg, M., Willer, R., Stellar, J. & Keltner, D. The virtues of gossip: Reputational information sharing as prosocial behavior. J.
Pers. Soc. Psychol. 102(5), 1015 (2012).
11. Wooddell, L. J. et al. Relationships between affiliative social behavior and hair cortisol concentrations in semi-free ranging rhesus
monkeys. Psychoneuroendocrinology 84, 109-115 (2017).
12. Uvnas-Moberg, K. Physiological and endocrine effects of social contact. Ann. N. Y. Acad. Sci. 807, 146-163 (1997).
13. Kemp, A. H. et al. Oxytocin increases heart rate variability in humans at rest: implications for social approach-related motivation
and capacity for social engagement. PLoS ONE 7, e44014 (2012).
14. Stefano, G. B. ef al. Endogenous morphine. Trends Inneurosci. 23(9), 436-442 (2000).
15. Graves, E C., Wallen, K. & Maestripieri, D. Opioids and attachment in rhesus macaque (Macaca mulatta) abusive mothers. Behav.
Neurosci. 116(3), 489 (2002).
16. Ray, J. C. & Sapolsky, R. M. Styles of male social behavior and their endocrine correlates among high-ranking wild baboons. Am.
J. Primatol. 28(4), 231-250 (1992).
17. Shutt, K., MacLarnon, A., Heistermann, M. & Semple, S. Grooming in Barbary macaques: Better to give than to receive? Biol. Let.
3(3), 231-233 (2007).
18. Yamanashi, Y., Teramoto, M., Morimura, N., Nogami, E. & Hirata, S. Social relationship and hair cortisol level in captive male
chimpanzees (Pan troglodytes). Primates 59(2), 145-152 (2018).
19. Dedovic, K., Duchesne, A., Andrews, J., Engert, V. & Pruessner, J. C. The brain and the stress axis: The neural correlates of cortisol
regulation in response to stress. Neuroimage 47(3), 864-871 (2009).
20. Field, T. Touch for socioemotional and physical well-being: A review. Dev. Rev. 30(4), 367-383 (2010).
21. Brondino, N., Fusar-Poli, L. & Politi, P. Something to talk about: Gossip increases oxytocin levels in a near real-life situation.
Psychoneuroendocrinology 77, 218-224 (2017).
22. Porges, S. W. The polyvagal theory: Phylogenetic substrates of a social nervous system. Int. J. Psychophysiol. 42(2), 123-146 (2001).
23. van Honk, . et al. A left-prefrontal lateralized, sympathetic mechanism directs attention towards social threat in humans: Evidence
from repetitive transcranial magnetic stimulation. Neurosci. Lett. 319(2), 99-102 (2002).
24. Boccia, M. L., Reite, M. & Laudenslager, M. On the physiology of grooming in a pigtail macaque. Physiol. Behav. 45(3), 667-670
(1989).
25. Grandi, L. C. & Ishida, H. The physiological effect of human grooming on the heart rate and the heart rate variability of laboratory
non-human primates: A pilot study in male rhesus monkeys. Front. Veterinary Sci. 2, 50 (2015).
26. Diamond, L. M., Hicks, A. M. & Otter-Henderson, K. D. Individual differences in vagal regulation moderate associations between
daily affect and daily couple interactions. Pers. Soc. Psychol. Bull. 37, 731-744 (2011).
27. Diamond, L. M. & Cribbet, M. R. Links between adolescent sympathetic and parasympathetic nervous system functioning and
interpersonal behavior over time. Int. J. Psychophysiol. 88(3), 339-348 (2012).

N O G

O

Scientific Reports | (2023) 13:3117 https://doi.org/10.1038/s41598-023-30126-9 nature portfolio



www.nature.com/scientificreports/

28.

29.

30.

31.

32.

33.

37.

38.

39.

40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.

52.
53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.
67.

68.

69.

70.

71.

72.

Geisler, E. C., Vennewald, N., Kubiak, T. & Weber, H. The impact of heart rate variability on subjective well-being is mediated by
emotion regulation. Personal. Individ. Differ. 49(7), 723-728 (2010).

Geisler, E. C., Kubiak, T, Siewert, K. & Weber, H. Cardiac vagal tone is associated with social engagement and self-regulation. Biol.
Psychol. 93(2), 279-286 (2013).

Gross, J. J. & Levenson, R. W. Emotional suppression: Physiology, self-report, and expressive behavior. J. Pers. Soc. Psychol. 64(6),
970 (1993).

Nikoli¢, M., Vente, W., Colonnesi, C. & Bégels, S. M. Autonomic arousal in children of parents with and without social anxiety
disorder: A high-risk study. J. Child Psychol. Psychiatry 57(9), 1047-1055 (2016).

Wu, T., Luo, Y., Broster, L. S., Gu, R. & Luo, Y. J. The impact of anxiety on social decision-making: Behavioral and electrodermal
findings. Soc. Neurosci. 8(1), 11-21 (2013).

Romero, T., Castellanos, M. A. & De Waal, E. B. Consolation as possible expression of sympathetic concern among chimpanzees.
Proc. Natl. Acad. Sci. 107(27), 12110-12115 (2010).

. Morrison, I. Keep calm and cuddle on: Social touch as a stress buffer. Adapt. Hum. Behav. Physiol. 2, 344-362 (2016).
. Thoits, P. A. Mechanisms linking social ties and support to physical and mental health. J. Health Soc. Behav. 52(2), 145-161 (2011).
. Waddington, K. & Fletcher, C. Gossip and emotion in nursing and health-care organizations. J. Health Org. Manag. 19, 378-394

(2005).

Kakar, U. M. (2013). Workplace gossip as a way of coping with occupational stress. Doctoral dissertation: State University of New
York at Albany.

Gantag, G., Ugurluoglu, O., Ozer, O. & Demir, A. Do gossip functions effect on organizational revenge and job stress among health
personnel? J. Health Manag. 20(1), 64-72 (2018).

Wu, J., Balliet, D. & Van Lange, P. A. Gossip versus punishment: The efficiency of reputation to promote and maintain cooperation.
Sci. Rep. 6(1), 1-8 (2016).

Dieleman, G. C., van der Ende, J., Verhulst, E C. & Huizink, A. C. Perceived and physiological arousal during a stress task: Can
they differentiate between anxiety and depression? Psychoneuroendocrinology 35(8), 1223-1234 (2010).

Bradley, M. M. & Lang, P. ]. Measuring emotion: The self-assessment manikin and the semantic differential. J. Behav. Ther. Exp.
Psychiatry 25(1), 49-59 (1994).

Schwabe, L. & Schiichinger, H. Ten years of research with the socially evaluated cold pressor test: Data from the past and guidelines
for the future. Psychoneuroendocrinology 92, 155-161 (2018).

Rudnicki, K., De Backer, C. J. & Declerck, C. The effects of celebrity gossip on trust are moderated by prosociality of the gossipers.
Personal. Individ. Differ. 143, 42-46 (2019).

Benedek, M. & Kaernbach, C. A continuous measure of phasic electrodermal activity. . Neurosci. Methods 190(1), 80-91 (2010).
Boucsein, W. Electrodermal Activity (Springer, 2012).

Benedek, M. & Kaernbach, C. Decomposition of skin conductance data by means of nonnegative deconvolution. Psychophysiology
47(4), 647-658 (2010).

Shaffer, F. & Ginsberg, J. P. An overview of heart rate variability metrics and norms. Front. Public Health 5, 258 (2017).

BE 71030031000; Biobank Antwerpen, BBMR-ERIC; No. Access: (1), Last: August, 01, 2022.

Michaud, K., Matheson, K., Kelly, O. & Anisman, H. Impact of stressors in a natural context on release of cortisol in healthy adult
humans: A meta-analysis. Stress 11(3), 177-197 (2008).

Hennig, J., Laschefski, U. & Opper, C. Biopsychological changes after bungee jumping: Beta-endorphin immunoreactivity as a
mediator of euphoria? Neuropsychobiology 29(1), 28-32 (1994).

Adam, E. K. et al. Diurnal cortisol slopes and mental and physical health outcomes: A systematic review and meta-analysis. Psy-
choneuroendocrinology 83, 25-41 (2017).

Litman, J. A. & Pezzo, M. V. Individual differences in attitudes towards gossip. Personal. Individ. Differ. 38(4), 963-980 (2005).
Hartung, F. M. & Renner, B. Social curiosity and interpersonal perception: A judgeA trait interaction. Personal. Social Psychol.
Bull. 37(6), 796-814 (2011).

Beersma, B. & Van Kleef, G. A. How the grapevine keeps you in line: Gossip increases contributions to the group. Social Psychol.
Personal. Sci. 2(6), 642-649 (2011).

Nevo, O., Nevo, B. & Derech-Zehavi, A. The development of the tendency to gossip questionnaire: Construct and concurrent
validation for a sample of Israeli college students. Educ. Psychol. Measur. 53(4), 973-981 (1993).

Rudnicki, K., Declerck, C., De Backer, C. & Berth, M. Physiological changes during first encounters and their role in determining
the perceived interaction quality. Interact. Stud. 20(2), 275-306 (2019).

Keverne, E. B., Martensz, N. D. & Tuite, B. Beta-endorphin concentrations in cerebrospinal fluid of monkeys are influenced by
grooming relationships. Psychoneuroendocrinology 14(1-2), 155-161 (1989).

Haass-Koffler, C. L. et al. Brief Report: Relationship between cotinine levels and peripheral endogenous concentrations of oxytocin,
betaxendorphin, and orexin in individuals with both alcohol and nicotine use disorders. Am. J. Addict. 30(1), 88-91 (2021).
Droste, C., Greenlee, M. W,, Schreck, M. & Roskamm, H. Experimental pain thresholds and plasma beta-endorphin levels during
exercise. Med. Sci. Sports Exercise 23, 334-42 (1991).

Janal, M. N., Colt, E. W, Clark, W. C. & Glusman, M. Pain sensitivity, mood and plasma endocrine levels in man following long-
distance running: Effects of naloxone. Pain 19(1), 13-25 (1984).

Radosevich, P. M. et al. Effects of low-and high-intensity exercise on plasma and cerebrospinal fluid levels of ir-beta-endorphin,
ACTH, cortisol, norepinephrine and glucose in the conscious dog. Brain Res. 498(1), 89-98 (1989).

Takai, N. et al. Gender-specific differences in salivary biomarker responses to acute psychological stress. Ann. N. Y. Acad. Sci.
1098(1), 510-515 (2007).

Nummenmaa, L. & Tuominen, L. Opioid system and human emotions. Br. J. Pharmacol. 175(14), 2737-2749 (2018).

. Nummenmaa, L. et al. micro-opioid receptor system mediates reward processing in humans. Nat. Commun. 9(1), 1-7 (2018).

Rai, B., Kaur, J., Anand, S. C. & Jacobs, R. Salivary stress markers, stress, and periodontitis: A pilot study. J. Periodontol. 82(2),
287-292 (2011).

Ferguson, D. Pain and dental pain: Current perspectives. Faculty Dental J. 3(2), 86-91 (2012).

Bosson, J. K., Johnson, A. B., Niederhoffer, K. & Swann, W. B. Jr. Interpersonal chemistry through negativity: Bonding by sharing
negative attitudes about others. Pers. Relat. 13(2), 135-150 (2006).

Hellhammer, D. H., Wiist, S. & Kudielka, B. M. Salivary cortisol as a biomarker in stress research. Psychoneuroendocrinology 34(2),
163-171 (2009).

Schwabe, L., Haddad, L. & Schachinger, H. HPA axis activation by a socially evaluated cold-pressor test. Psychoneuroendocrinology
33(6), 890-895 (2008).

Dreisoerner, A. et al. Self-soothing touch and being hugged reduce cortisol responses to stress: A randomized controlled trial on
stress, physical touch, and social identity. Comprehens. Psychoneuroendocrinol. 8, 100091 (2021).

Brockington, G. et al. Storytelling increases oxytocin and positive emotions and decreases cortisol and pain in hospitalized children.
Proc. Natl. Acad. Sci. 118(22), €2018409118 (2021).

Kreutz, G., Bongard, S., Rohrmann, S., Hodapp, V. & Grebe, D. Effects of choir singing or listening on secretory immunoglobulin
A, cortisol, and emotional state. J. Behav. Med. 27(6), 623-635 (2004).

Scientific Reports|  (2023) 13:3117

https://doi.org/10.1038/s41598-023-30126-9 nature portfolio



www.nature.com/scientificreports/

73. Hess, N. H. & Hagen, E. H. Gossip, reputation, and friendship in in-group competition: An evolutionary perspective. In The Oxford
handbook of gossip and reputation (eds Giardini, F. & Wittek, R.) (Oxford University Press, 2017).

74. Farley, S. D. Is gossip power? The inverse relationships between gossip, power, and likability. Eur. J. Soc. Psychol. 41(5), 574-579
(2011).

75. Posada-Quintero, H. F. & Chon, K. H. Innovations in electrodermal activity data collection and signal processing: A systematic
review. Sensors 20(2), 479 (2020).

76. Caruelle, D., Gustafsson, A., Shams, P. & Lervik-Olsen, L. The use of electrodermal activity (EDA) measurement to understand
consumer emotions: A literature review and a call for action. J. Bus. Res. 104, 146-160 (2019).

77. Horvers, A., Tombeng, N., Bosse, T., Lazonder, A. W. & Molenaar, I. Detecting emotions through electrodermal activity in learning
contexts: A systematic review. Sensors 21(23), 7869 (2021).

78. Hernandez, J., Riobo, I, Rozga, A., Abowd, G. D., & Picard, R. W. (2014). Using electrodermal activity to recognize ease of
engagement in children during social interactions. In Proceedings of the 2014 ACM international joint conference on pervasive and
ubiquitous computing (pp. 307-317).

79. Sarifiana-Gonzélez, P, Romero-Martinez, A. & Moya-Albiol, L. Cooperation induces an increase in emotional response, as meas-
ured by electrodermal activity and mood. Curr. Psychol. 36(2), 366-375 (2017).

80. Porges, S. W. The polyvagal perspective. Biol. Psychol. 74(2), 116-143 (2007).

81. Beffara, B, Bret, A. G., Vermeulen, N. & Mermillod, M. Resting high frequency heart rate variability selectively predicts coopera-
tive behavior. Physiol. Behav. 164, 417-428 (2016).

82. Quintana, D. S., Guastella, A. J., Outhred, T., Hickie, I. B. & Kemp, A. H. Heart rate variability is associated with emotion recogni-
tion: Direct evidence for a relationship between the autonomic nervous system and social cognition. Int. J. Psychophysiol. 86(2),
168-172 (2012).

83. McCambridge, J., Witton, J. & Elbourne, D. R. Systematic review of the Hawthorne effect: New concepts are needed to study
research participation effects. J. Clin. Epidemiol. 67(3), 267-277 (2014).

84. Hess, N. H. & Hagen, E. H. Psychological adaptations for assessing gossip veracity. Hum. Nat. 17(3), 337-354 (2006).

85. Watson, D. C. Gender differences in gossip and friendship. Sex Roles 67(9), 494-502 (2012).

86. McAndrew, E. T. The “sword of a woman”: Gossip and female aggression. Aggress. Violent. Beh. 19(3), 196-199 (2014).

87. Taylor, S. E. et al. Biobehavioral responses to stress in females: Tend-and-befriend, not fight-or-flight. Psychol. Rev. 107(3), 411
(2000).

Acknowledgements
This research was supported by grants from Research Foundation Flanders (Fonds Wetenschappelijk Onderzoek
(FWO)) postdoctoral grant 1277222N, postdoctoral grant 12A1522N and FWO-SB grant 1S28622N.

Author contributions

K.R. conceived and designed the experiments, performed the experiments, analyzed the data, contributed mate-
rials/analysis tools, wrote the paper. Irina Spacova contributed materials/analysis tools. C.D.B. conceived and
designed the experiments. S.L. contributed materials/analysis tools. C.D. contributed materials/analysis tools.
K.P. conceived and designed the experiments, contributed materials/analysis tools.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-023-30126-9.

Correspondence and requests for materials should be addressed to K.R.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |

(2023) 13:3117 | https://doi.org/10.1038/s41598-023-30126-9 nature portfolio


https://doi.org/10.1038/s41598-023-30126-9
https://doi.org/10.1038/s41598-023-30126-9
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Neuroendocrine and psychophysiological investigation of the evolutionary roots of gossip
	Methods
	Participants. 
	Design and procedure. 
	Stressor: the cold pressor test. 
	Social interaction: gossip task and control task. 

	Psychophysiological recordings. 
	Hormone levels. 
	Individual differences in gossip. 

	Results
	-endorphins. 
	Cortisol. 
	Sympathetic activity. 
	Parasympathetic activity. 

	Discussion
	References
	Acknowledgements


