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Mimicry, and especially spontaneous facial mimicry, is a rudimentary

element of social–emotional experience that is well-conserved across numer-

ous species. Although such mimicry is thought to be a relatively automatic

process, research indicates that contextual factors can influence mimicry,

especially in humans. Here, we extend this work by investigating the

effect of acute psychosocial stress on spontaneous facial mimicry. Partici-

pants performed a spontaneous facial mimicry task with facial

electromyography (fEMG) at baseline and approximately one month later,

following an acute psychosocial stressor (Trier Social Stress Test). Results

show that the magnitude of the endocrine stress response reduced zygoma-

ticus major reactivity, and specifically spontaneous facial mimicry for

positive social stimuli (i.e. smiles). Individuals with higher levels of the

stress hormone cortisol showed a more blunted fEMG response to smiles,

but not to frowns. Conversely, stress had no effect on corrugator supercilii

activation (i.e. frowning to frowns). These findings highlight the importance

of the biological stress response system in this basic element of social–

emotional experience.

1. Introduction
Spontaneousmimicry, that is, the automatic tendency of an observer tomatch the

perceived behaviour of a target, is considered to be a rudimentary element of

social–emotional experience. Although mimicry can take various forms (match-

ing postures, gestures, mannerisms and even speech patterns), spontaneous

facial mimicry is thought to be a particularly important conduit of social–

emotional understanding and shared experience. As de Waal & Preston [1]

note, by physically replicating the facial expressions of others in our social

world, we can simulate their emotional states to better understand what they

are feeling. This affect sharing, in turn, can then facilitate downstream processes

like empathy and prosocial action [1,2]. In addition to facilitating social–emotion-

al communication, mimicry (facial and other forms) has been shown to have

more general effects on social cohesion, by increasing affiliation, interpersonal

rapport, synchrony and liking [3,4]. Indeed, some have argued that mimicry

functions as a ‘social glue’ that supports our fundamental need to belong [5].

Mimicry, and specifically spontaneous facial mimicry, appears to be a

conserved mechanism across a variety of species [6]. Indeed, spontaneous

facial mimicry has been observed in several species of great apes, including

orangutans [7], chimpanzees [8] and lowland gorillas, as well as in some

monkey species, including geladas [9] and macaques [10]. There is also evi-

dence for spontaneous facial mimicry in domestic dogs [11]. Like in humans,
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this mimicry appears to be a catalyst for social cohesion. For

example, mimicry of the ‘play face’ expression in dogs com-

municates positive mood during rough-and-tumble play

and, in this way, prolongs the play session. Similarly, in pri-

mates, mimicry during playful interactions has also been

shown to extend the duration of social interactions [12,13].

To our knowledge, no study has yet investigated the effects

of acute stress on spontaneous facial mimicry. However,

research showing that stress can undermine emotion contagion

suggests that stress may affect mimicry. Of course, mimicry is

not identical to emotion contagion. Mimicry, by definition,

reflects the tendency to behaviourally match others, whereas

contagion reflects the tendency to experience the affective

states of others, at both the psychological and physiological

levels. That being said, some have argued that mimicry and

emotion contagion rely on similar neural computational mech-

anisms [14]. Moreover, it has been argued that mimicry may

facilitate emotion contagion, as the enactment of another’s

emotional expression may bring about the corresponding

emotional experience [15,16]. As noted, recent research

suggests that stress can disrupt emotion contagion [17]. Recog-

nizing that mice (and humans) are more likely to experience

emotion contagion with familiar others [18], Martin et al. [17]

theorized that it is the stress of interacting with strangers that

undermines emotion contagion. Supporting this, in a series

of studies involving both mice and humans, they found that

interactions with strangers (versus familiar others) were associ-

ated with higher levels of the stress hormone cortisol, and that

cortisol was negatively associated with emotion contagion.

They also showed that blocking cortisol synthesis with the

drug metyrapone increased emotion contagion with strangers,

essentially making strangers look like friends, thus highlight-

ing the important role of stress in emotion contagion. Buruck

et al. [19] also observed negative effects of stress on emotion

contagion. They showed participants pictures of people in

pain and asked them to rate the extent of visible pain. Stressed

(versus non-stressed) individuals reported lower ratings of per-

ceived pain in others. Taken together, these findings suggest

that the experience of stress—and specifically the presence of

the glucocorticoid cortisol—can attenuate emotion contagion

(however, see [20]).

The aim of the current study was to extend this prior work

to investigate the effect of acute stress on mimicry and, specifi-

cally, spontaneous facial mimicry, which, as noted, is thought

to be an evolutionarily conserved mechanism supporting

social emotion experience in human and some non-human

animals. Given the aforementioned research on stress and

emotion contagion, we predicted that acute psychosocial

stress would attenuate spontaneous facial mimicry. Further-

more, we hypothesized that individuals’ physiological stress

response would moderate the effects of stress on mimicry: fol-

lowing Martin et al. [17], we predicted that those individuals

who responded to the stressor with higher levels of cortisol

would show the most pronounced reduction in facial mimicry

following the TSST. Of note, we alsomeasured salivary α-amy-

lase (sAA; a marker of sympathetic nervous system activation);

however, we did not have specific predictions about sAA given

that the mimicry task was timed to occur during peak levels

of cortisol, when sAA levels would be expected to have started

to decline [21,22]. Finally, we also tested whether the effect

of stress on mimicry depends on mimicry type (reciprocal

smiling versus frowning). Research suggests that zygomaticus

activation is typically more flexible and reactive in social

contexts [3,23,24]; consequently, the effects of stress might be

specific to smile mimicry.

2. Material and Methods

(a) Participants
Seventy-three healthy participants (23men:mean age = 22.8, s.d. ±

3.56; 50 women: mean age = 21.8, s.d. ± 3.11; F1,71 = 1.3, p = 0.26),

with no current history of medical or psychiatric illness were

recruited from theMcGill University campus. Recruitment criteria

included: no recreational drug use, consuming fewer than ten alco-

holic beverages a week and smoking fewer than seven cigarettes a

day (factors that have been shown to influence the hypothalamic–

pituitary–adrenal axis; [25]). Women were regularly menstruating

and self-reportedno chemical contraceptive use (see electronic sup-

plementarymaterial for detaileddescription of theprocedures). All

participants provided written informed consent and were

compensated 10$ h−1. The study was approved by the McGill

University Faculty of Science Institutional Review Board.

(b) Design and procedures
We used a within-subjects design in which participants came to

the laboratory on two occasions, on average four weeks apart.

Of note, this research was part of a larger programme of research

investigating the effects of stress on various aspects of social

cognition. During the first visit (Day 1), participants completed

self-report questionnaires and an empathic accuracy task ([26,27];

reported on elsewhere), and then a task using facial electromyogra-

phy (fEMG) to assess spontaneous facial mimicry [24,28]. During

the second visit (Day 2), we first induced acute psychosocial stress

with the Trier Social Stress Test (TSST [29], see below), after which

participants performed the same empathic accuracy and mimicry

tasks they performed at baseline. We assessed subjective distress,

cortisol and sAA throughout Day 2.

(c) Trier Social Stress Test
The TSST [29] comprises a mock job interview combined with an

oral arithmetic task. Specifically, participants are instructed to

identify a job they would like to interview for and are then given

10 min to prepare for the ‘job interview’. Following this antici-

pation period, participants perform, in front of a panel of expert

judges (i.e. research confederates: one male, one female): (i) a

5 min speech task in which they are instructed to describe why

they are qualified for the job and, then, (ii) a 5 min oral arithmetic

task in which they must count backwards from 2023 in increments

of 17. The TSST has been shown to reliably induce stress across a

variety of markers including cortisol, sAA and subjective experi-

ence [21,30,31]. Cortisol and sAA were collected via salivary

samples (i.e. Salivette; Sarstedt AG & Co, Nümbrecht, Germany),

and subjective stress was assessed using a visual analogue scale

(i.e. ‘how stressed do you feel?’); all measures were taken at

seven time-points throughout the Day 2 session, at 10 min inter-

vals starting 20 min before the stress induction, and following

stress at +10, +25, +40 and +50 min (hereafter referred to as

‘sampling time’; see figure 1 for timeline). Cortisol levels

(nmol l−1) were assessed using a time-resolved fluorescence immu-

noassay [32] and sAA (U ml−1) levels were determined using the

enzyme kinetic method [22].

(d) Spontaneous facial mimicry task
This task uses facial electromyography (fEMG) to assess spon-

taneous facial mimicry [24]. Specifically, participants were

presented with 5 s video-clips of individuals going from a neutral

expression to either a smile or a frown (two emotions that can
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reliably be assessed with fEMG; cf. [28]). Participants were

instructed to simply observe the stimuli and to press the spacebar

every time a face appeared on themonitor. A total of 80 stimuli (40

smiling, 40 frowning faces) were presented in randomized order.

During the stimulus presentation, we measured activity in the

zygomaticus major muscle (engaged when people smile) and cor-

rugator supercilii (engaged when people frown) to index mimicry

[33]. EMG data were obtained with bipolar electrode montage on

the left side of the face [34]. Acquisition was controlled by a

Biopac MP150 using Acqknowledge software (Biopac Systems).

The amplified EMG signals were filtered online with a low pass

of 500 Hz and a high pass of 10 Hz, sampled at a rate of 2000 Hz

and then integrated and rectified using Mindware EMG software

(version 2.52, MindWare Technologies, Ohio, USA).

For each stimulus (i.e. 5 s video-clip), EMG was measured

for ten 500 ms windows. Prior to the stimulus presentation, a fix-

ation cross was presented for 3 s, resulting in six pre-stimulus

recordings of 500 ms. These six recordings were averaged and

used as a baseline measure for each stimulus. For each participant,

we z-transformed the fEMG data and excluded extreme (± 3 s.d.)

data points. This resulted in a loss of 2751 (out of 180 480) data

points (1.52% missing values). We used the ‘mice’ package [35]

to impute the excluded data. Next, we corrected each data point

according to its respective baseline measure, by subtracting the

baseline measure from the value obtained during stimuli pres-

entation (cf. [24]). These mean-rectified values were used for

all subsequent analyses. Using the area under the curve (AUC)

formula [36], we aggregated the 10 fEMG recordings of the

zygomaticusmajor and corrugator supercilii in response to smiling

and frowning faces. This resulted in a total of 160 AUCs for each

participant: specifically, 80 zygomaticus (40 responses to smiles;

40 responses to frowns) and 80 corrugator (40 responses to

smiles; 40 responses to frowns). Of note, AUCs are not measures

of overall muscle activation; rather they quantify the amount of

muscle activity in response to a stimulus presentation (i.e. smiles

versus frowns) comparedwith baseline (i.e. the fixation cross) [37].

(e) Statistical analyses
We first conducted manipulation checks to confirm that the TSST

elicited a stress response. Specifically, we conducted repeated-

measures mixed effects models (rMEMs; [38]) on the measures of

cortisol, sAA and subjective stress. Sampling time and participant

gender (male = 0, female = 1), and the sampling time × gender

interaction were entered as fixed factors. Sampling time was

nested within participant as a random factor [39]. Raw cortisol

and sAA data were log-transformed. Subsequently, we calculated

AUCs for cortisol, sAA and subjective stress using the formula

described by Pruessner et al. [36].

We then conducted rMEM analyses to test the effects of

stress induction on zygomaticus major and, in a separate analysis,

corrugator supercilii activity, using the AUCs for each muscle as

the dependent variable (note: as wewere not interested in compar-

ing zygomatics and corrugator activation, we ran our analyses for

these muscles separately, as others have done [24,40,41]; however,

results testing one overarching model that includes muscle type as

a third factorare comparable to thosewe report below; see electronic

supplementary material). For each analysis, stimulus type (0 =

smile; 1 = frown) and day (0 =Day 1/baseline; 1 =Day 2/TSST)

were entered as fixed effects, and stimulus presentation order and

genderwere entered as covariates. In an additional step,we entered

a higher-order term for the stimulus type × day interaction. Subject

ID was entered as a random effect. Following Barr et al. [39,42],

we included random slopes for our highest-order combination of

within-subject factors subsumed by the stimulus type × day

interaction to test for a maximally defined model.

In addition to looking at overall muscle reactivity during

stimulus presentation, we adopted a more fine-grained approach

looking at muscle activations in each of the 10 EMG recordings

to investigate whether stress differentially affects mimicry

during earlier versus later phases of the stimulus presentation.

To this end, we ran an MEM with congruent muscle activation

as the dependent variable and day and time course (i.e. 10

EMG recordings) as independent variables; as in the AUC analy-

sis, stimulus presentation order and gender were entered as

covariates. We also included a day × time course interaction

term. For a maximally defined model, day × time course was

nested within participant as a random factor.

After testing the effect of the stress induction on mimicry, we

then probed the effect of the three stress markers (cortisol, sAA

and subjective stress); here, we focused our analyses on data

from Day 2 (TSST day), as we only assessed these markers on

Day 2. Specifically, we ran a series of linear MEMs [43,44], one

for each stress marker. Respective AUCs of muscle reactivity

were entered as the dependent variable, and stimulus type (0 =

smile; 1 = frown) and the stress marker of interest (AUCs) were

entered as fixed effects. We also included the interaction between

these two fixed effects (i.e. stimulus type × stress marker), to ascer-

tain whether the effect of stress was specific to one kind of stimuli

(e.g. smiles). Stimulus presentation order and participant gender

were entered as covariates; subject ID was entered as a random

effect. Of note, we initially included stimulus type as a random

slope (cf. [39]); the model converged for cortisol and sAA, but

not for subjective stress. To facilitate comparisons, we reverted to

a simple intercept model for all stress marker analyses [45]. This

approach did not change the significance of the cortisol effects

reported below.

All reported confidence intervals were bootstrapped. All

statistical analyses were conducted using R [46] and the lme4-

package (1.1–18-1) for the rMEM and MEM analyses [47].

Significant effects from the MEM were decomposed using the

formula described by Preacher et al. [48].

3. Results

(a) Stress manipulation check
The rMEMs revealed a significant effect of sampling time for

cortisol (F5,214.55 = 25.52, p < 0.001), sAA (F5,259.48 = 42.57,

p < 0.001) and subjective stress (F5,342.62 = 80.86, p < 0.001),

thus indicating successful stress induction (figure 1). Results

showed no effects for gender, or the gender × sampling time

interaction for cortisol or sAA; all p-values greater than 0.1.
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Figure 1. Timeline of the experimental procedure during Day 2 (stress induc-

tion day), including cortisol and salivary α-amylase (sAA) responses over

time. Sampling times-points are indicated on the x-axis with ticks. Partici-

pants are introduced to the TSST 10 min before going to the interview

room (at 0 min). Twenty-five minutes after the end of the TSST, participants

started the facial mimicry task. Note: we did not assess cortisol or sAA

measures on Day 1. (Online version in colour.)
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However, there was a significant gender effect for subjective

stress: women reported higher subjective stress levels than

men, F1,70= 5.8, p = 0.02 (women: mean = 3.69, s.d. = 2.7; men:

mean = 2.31, s.d. = 2.25).

(b) Effect of stress induction on zygomaticus major

(Day 2 versus Day1)
The rMEMs evaluating zygomaticus major activation

revealed a significant effect of stimulus type (smile versus

frown), F1,74.0 = 8.66, p < 0.01; consistent with prior mimicry

research, across days, participants smiled more to smiling

faces (congruent: mean = 514.70, s.e.m. = 42.41) than to

frowning faces (incongruent: mean = 207.22, s.e.m. = 40.54).

Turning to the effect of stress, our key experimental question,

results showed a main effect of day on zygomaticus activity,

F1,74.0 = 4.89, p = 0.03, such that participants smiled less on the

TSST day (mean = 246.33, s.e.m. = 43.61) relative to baseline

(Day 1: mean = 476.35, s.e.m. = 39.26). The reported model

(Akaike information criterion, AIC = 213 115) had a better fit

than the intercept- only model (AIC = 213 120; x
2
4 ¼ 13:23,

p = 0.01). Adding the stimulus type × day interaction did not

reveal a significant interaction (F1,73.1 = 0.11, p = 0.74). Thus,

our hypotheses about the effects of stress were partially sup-

ported: stress did attenuate smiling, but this effect occurred

for both smiling and frowning stimuli.

We now turn to the more fine-grained time course data

looking at zygomaticus activity during each of the 10 fEMG

recordings; here we focus specifically on the mimicry

response—that is, zygomaticus activity in response to smiling

faces (readers interested in zygomaticus activity in response

to frowns are referred to electronic supplementary material,

figure S1). Results from the MLM analysis showed a signifi-

cant day × time course interaction on zygomaticus activity

in response to smiling faces, with higher activation on Day

1, compared with Day 2, at 2000 ms (b =−0.097 (s.e. ± 0.040;

95% CI [−0.173, −0.018]), t928.9 = 2.45, p = 0.014) and

2500 ms (b =−0.103 (s.e. ± 0.044; 95% CI [−0.185, −0.017]),

t427.8 = 2.35, p = 0.019). Thus, it appears that stress resulted

in a delayed onset of smiling to smiling faces. (For details,

see electronic supplementary material, figure S2, panel A).

The reported model had a better fit (AIC = 143 671) compared

with the intercept model (AIC = 143 729; x221 ¼ 100, p < 0.001).

(c) Effects of stress markers on zygomaticus major

(Day 2)
Given that we observed an overall effect of the stress induc-

tion, we conducted additional analyses to examine the

effects of cortisol, sAA and subjective stress, respectively, on

zygomaticus major activity on Day 2 (the only day we

assessed the stress markers). Results from the MEM using

cortisol as a predictor revealed a significant stimulus type ×

cortisol interaction, b =−14.37 (s.e. ± 5.20; 95% CI [−24.52,

−4.73]), t5588.62 =−2.76, p < 0.01. The reported model had a

better fit (AIC = 107 583) than the intercept model (AIC =

107 601; x25 ¼ 27:4, p < 0.001).

Post-hoc testing revealed a significant negative association

between cortisol andzygomaticus activation for smiling stimuli

(z =−2.76, p < 0.01), but not for frowning stimuli (z =−0.379,

p = 0.41). As depicted in figure 2, as cortisol levels increased,

smiling to smiling faces decreased, but cortisol increases had

no effect on smiling to frowning faces. These findings indicate

that the biological stress response, as measured by cortisol,

specifically attenuated mimicry, consistent with Martin et al.

[17] and supporting our hypothesis about the effects of stress

on mimicry. In further support of this, analyses showed that

participants who did not show a strong cortisol response (−1

s.d.) to the TSST showed significantly higher zygomaticus acti-

vation to smiles than to frowns on the TSST day (z = 4.30, p <

0.005); this suggests that these participants had an intact mimi-

cry response that was similar to the baseline/no stress testing

day. By contrast, participants who showed a strong cortisol

response (+1 s.d.) did not show higher zygomaticus activation

to smiles than to frowns on the TSST day (z = 0.393, p > 0.70);

again indicating that cortisol blunted mimicry (see

figures 2 and 3). The MEM with the stimulus type × cortisol

interaction term (AIC = 107 589) was significantly better than

the non-interactionmodel (AIC = 107 583; x21 ¼ 7:63, p = 0.006).

In contrast with cortisol, results from the MEM analyses

using sAA and subjective stress as predictors revealed no

significant effect for either variable on zygomaticus major

activation (all p-values > 0.05). The non-interaction models

had significantly better fits than the interaction model, all

p-values > 0.2.

(d) Effect of stress induction on corrugator supercilii

(Day 2 versus Day 1)
Turning to the corrugator supercilii analyses, the rMEM

revealed no effect of stimulus type or day; nor was there a

significant stimulus type × day interaction (all p-values >

0.2): intercept model (AIC = 213 815); reported model

(AIC = 213 811; x24 ¼ 12:07, p = 0.017).
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Figure 2. Results of the mixed effects model predicting zygomaticus major

reactivity with stimulus type (frowning versus smiling faces) and cortisol

levels (low: −1 s.d.; high: +1 s.d.). The shaded areas reflect the standard

error of the mean. Results showed a significant association between cortisol

and zygomaticus major activation in response to smiling faces, with higher

levels of cortisol leading to a reduction in zygomaticus activity. Conversely,

there was no effect of cortisol on zygomaticus activation in response to

frowns. In addition, simple effect analyses showed significantly higher zygo-

maticus activation in response to smiles versus frowns for low-cortisol

responders, whereas there was no difference in zygomaticus activation in

response to smiles versus frowns for high-cortisol responders. In essence,

low-cortisol responders had an intact mimicry response that was similar to

the baseline/no stress testing day, whereas high-cortisol responders did

not show elevated zygomaticus activation in response to smiles (versus

frowns), indicating a blunted mimicry response. All data converted to

z-scores for illustrative purposes.
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Since none of these effects on the corrugator supercilii

was significant, we did not probe for the effects of the differ-

ent stress markers on frowning mimicry on Day 2.

Thus, stress did not attenuate mimicry to frowns. The lack

of effects on the corrugator, however, may be because, as noted,

the corrugator is less reactive than the zygomaticus and, typi-

cally, also more rare. Indeed, consistent with this hypothesis,

as can be seen in electronic supplementary material, figure

S2, panel B, the corrugator is less active than the zygomaticus

on both days.

4. Discussion
The aim of the current study was to investigate the effects of

acute psychosocial stress on spontaneous facial mimicry, a

rudimentary and evolutionarily conserved element of social–

emotional experience. Our results show that the experience of

stress reduced zygomaticus reactivity, and specifically spon-

taneous facial mimicry for positive social stimuli (i.e. smiles),

an effect that was driven by the endocrine stress response.

Individuals with higher levels of the stress hormone cortisol

showed a blunted fEMG response to smiles, whereas those

with lower cortisol levels showed an intact affiliative response

that was similar to their baseline response. Our findings

extend prior research on stress and emotion contagion (e.g.,

see [17,19]) by showing that the biological stress response

also attenuates spontaneous facial mimicry. These findings

may shed light on the observation that humans, and some

non-human animals, are less likely to mimic outgroup mem-

bers [49,50]. Consistent with Martin et al., it may be the stress

elicited in such interactions that undermines mimicry (cf. [51]).

Of note, the effects of the endocrine stress response (i.e.

cortisol) were specific to reciprocal smiling. There are a few

possible explanations for this selective effect. First, the TSST,

which is not a pleasant experience, may have primed partici-

pants to show negative emotions, in this way overriding the

mimicry-attenuating effects of stress on frowns. This explana-

tion, however, seems unlikely given that we did not observe

greater corrugator activation on the stress day versus baseline

day, nor was the corrugator more active than the zygomaticus

on the stress day. Amore likely explanation, we think, has to do

with the greater flexibility and reactivity of the zygomaticus

majormuscles [23], a factor that couldmake themmore vulner-

able to the influence of stress. Relatedly, frowns are, in general,

more rare than smiles [23,52], so the selective effects could be

due to a general absence of frowning. In fact, some have

argued that mimicry to smiles and mimicry to frowns are not

equivalent and support different (albeit sometimes over-

lapping) goals. According to Hess & Fischer [3], smiling to a

smile, or ‘affiliative mimicry,’ is one key way people communi-

cate their interest because such positive feedback signals

enjoyment of the activity/other conspecific, desire for contin-

ued interaction, and a strong emotional connection. Such

positive mimicry is also a catalyst for social cohesion in some

non-human animals [11]. By contrast, anger mimicry (i.e.

responding to anger with anger) is often avoided in social situ-

ations because it can antagonize a relationship. Future research

is needed to better understand the (lack) of an effect of stress on

anger mimicry; for example, by examining the effects of stress

in situations where anger mimicry is more likely to occur (e.g.

competitive situations; [3]), one can ascertain whether stress

selectively impairs affiliative mimicry, or whether it also affects

anger mimicry under the right circumstances.

What might be the mechanism underlying the effect

observed in the current research? It has been argued that

stress can lead to social withdrawal in order for the organism

to attend to its own affective state (for a review, see [53]).

In this regard, there is evidence that the experience of acute

stress leads to an increase in self-focus, particularly towards

one’s own emotional experience [54,55]. Such egocentrism

could prevent affiliative mimicry by reducing emotional

engagement with the stimulus. Refusing to resonate happiness

(i.e. smiling to a smile) might also be away to solicit social sup-

port when one is distressed. Our effects could also be due to

reduced attention, given prior research showing that negative

emotional states can sometimes undermine both exogenous

(stimulus-driven, bottom-up) and endogenous (top-down)

attention to emotional faces [56,57], though there are also

some attention capture phenomena. Future research using

eye-tracking may shed light on this mechanism.

A few aspects of our procedures are worth noting. First,

we found no effect of sAA or subjective stress on affiliative

mimicry. However, our study design was guided by prior

research linking cortisol to reduced emotion contagion (e.g.,

see [17,19]), and we timed the mimicry task to occur during

peak cortisol levels; by this time, sAA levels had begun to

decline. Similarly, subjective stress may also have begun to

decline 20 min after the TSST. That said, others have also

shown a dissociation between subjective stress and the

physiological stress response [30,58]. Future research should

manipulate task timing to assess the role of other stress

markers on facial mimicry. Second, we did not counterbalance

the stress manipulation; thus, it is possible that learning or

repeated exposure to the mimicry task may have attenuated

participants’ responses to the stimuli on Day 2. That said, it

is not clear why learning or habituation would only occur for

participants with higher cortisol levels. Third, we only assessed

spontaneous facial mimicry to smiles and frowns (emotions

that can reliably be assessed with fEMG; [28]). Of course,
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smiling faces) as a function of endocrine response. High-cortisol responders

are represented by the dashed line and low-cortisol responders are represented
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there are numerous other socially relevant emotions: sadness,

fear, disgust and guilt, just to name a few. Sadness or distress,

in particular, is especially relevant given the significance of

mimicry and emotion contagion in empathy; indeed, there is

evidence of hormonal stress contagion (i.e. a rise in cortisol)

when people observe another in distress [58,59]. It would be

interesting to know if pre-existing stress attenuates this

emotion contagion effect (cf. [17]).

In closing, the present research indicates that the stress hor-

mone cortisol can attenuate affiliative mimicry (smiling to

smiles). Given the importance ofmimicry and especially affilia-

tive mimicry to bonding, our findings suggest that stress may

undermine bonding (or, perhaps, more precisely, our research

sheds light on one mechanism by which stress can undermine

bonding). Corroborating this idea, recent research indicates

that chronically lonely individuals, who often

show alterations in the physiological stress response system

[60], show selective impairments in reciprocal smiling [41].

Additionally, to the extent that mimicry serves more sophisti-

cated forms of empathy, our findings suggest that stress

could undermine the quality of our social relationships and

experience by attenuating emotion sharing and understanding

[1,2]. Although we focused on humans in the present research,

there is good reason to believe that these effects would

extend to at least some non-human animals, given that the

phenomenon of spontaneous facial mimicry is conserved

across numerous species and the cortisol system is also

well-conserved biologically.
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