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The empathic, physiological resonance of stress
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Physiological resonance between individuals is considered fundamental to the biological capacity for empathy.
Observers of pain and distress commonly exhibit increases in reported distress, autonomic arousal, facial mimicry,
and overlapping neural activity. An important, unstudied question is whether physiological stress can also res-
onate. Physiological stress is operationalized as activation of the hypothalamic pituitary adrenocortical (HPA)
and sympatho-adrenomedullary (SAM) axes. People often report an aversive state resulting from the stress of
another, but this could be conveyed through resonating arousal or distress, without activating the physiological
stress response. Physiological stress is particularly important to examine since it commonly occurs chronically,
with known negative effects on health. Salivary cortisol and salivary alpha-amylase (sAA) were measured in both
speakers and observers during a modified Trier Social Stress Test (TSST) to assess activation of the HPA and
SAM axes (respectively). Cortisol (but not sAA) responses resonated between speakers and observers. The cortisol
response of observers increased with trait empathy and was not related to the speaker’s subjective fear or dis-
tress. This study provides a novel method for examining physiological resonance, and indicates that we can indeed
catch another’s physiological stress, suggesting a specific health risk for those in the social network of stressed
individuals.
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The direct contagion of emotion has long interested
philosophers and psychologists, suggesting perhaps
that we are endowed with an evolved, biological pre-
paredness to feel, understand, and be inspired by
the states of others (Hume, 1739–1740/1990; Lipps,
1903; McDougall, 1908/1923; Nietzsche, 1895/1920;
Smith, 1759). In evolutionary biology, this conta-
gion or resonance of emotion across individuals is
considered particularly adaptive for coordinating the
behavior of groups and for fostering the motivated
and tailored care of offspring (Bowlby, 1969; de Waal,
2008; Eibl-Eibesfeldt, 1971/1974). In human behav-
ior, emotional contagion is described as a simple state
in which one simply “catches” the emotions of another,
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producing a similar internal state in the observer
that resulted directly from the observation (Hatfield,
Cacioppo, & Rapson, 1993; Hoffman, 2000). Such
contagion, also known as the “resonance” of emo-
tion among individuals, is widespread, occurs early
in development, and exists across species (Preston
& de Waal, 2002a). However, it is also often dero-
gated as a state that does not require advanced cog-
nitive capabilities and can be associated with a self-
oriented response to another’s need, motivated more
by the desire to reduce one’s own distress than gen-
uine concern for the other (reviewed in Eisenberg &
Miller, 1987). The perception-action model (PAM) of
empathy integrates both views by framing emotional
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contagion as one indication of an adaptive underlying
neural architecture in which others’ states are auto-
matically mapped onto observers’ representations for
experiencing that state (Preston & de Waal, 2002b).
According to this process view of empathy, this proxi-
mate mechanism is assumed critical for most forms of
interpersonal understanding, but only produces visible
or negative forms of contagion or sympathetic, proso-
cial responses under particular conditions (see Preston
& Hofelich, in press).

Extensive research supports the PAM, with numer-
ous demonstrations that others’ distress or pain causes
aversive arousal in observers, or activates their own
neural regions for experiencing such states (e.g.,
Decety & Jackson, 2006; Eisenberg & Miller, 1987;
Hatfield et al., 1993; Morrison, Lloyd, Di Pellegrino,
& Roberts, 2004; Preston & de Waal, 2002b; Singer,
2006). For example, observers who believed them-
selves to be similar to confederates experiencing pain
and pleasure showed concordant increases in auto-
nomic activity, empathy, and helping (Krebs, 1975).
Observers of a relationship conflict also showed linked
autonomic increases to targets experiencing negative
affect, and higher observer–target linkage was asso-
ciated with greater empathic accuracy in observer
ratings of the target’s emotion (Levenson & Ruef,
1992). Observers have even shown linked changes
in pupil size to sad targets that correlated with the
degree of activation in their own brainstem region
responsible for pupillary control (Harrison, Singer,
Rotshtein, Dolan, & Critchley, 2006). At a specifi-
cally neural level, many studies have demonstrated
common neural activation between experiencing and
observing pain (see reviews in Decety & Jackson,
2006; Singer, 2006) and between imagining self and
other experiences of fear and anger (Preston et al.,
2007).

However, research has yet to examine the poten-
tial resonance of the physiological response to stress
between a target and observer. We can surely become
unnerved when observing a frightened public speaker
or overworked partner. But these experiences may
not reflect truly resonating stress, at the level of
stress physiology. Elicitation of a true physiological
stress response typically requires a combination of
motivated performance, uncontrollability, and social
evaluation (Dickerson & Kemeny, 2004) that is asso-
ciated with reactivity in the hypothalamic-pituitary-
adrenocortical (HPA) axis, measured through salivary
cortisol. Physiological stress also includes a general
arousal component that is associated with reactivity of
the sympatho-adrenomedullary (SAM) axis and mea-
sured through autonomic nervous system indices such
as salivary alpha-amylase (sAA) (Granger, Kivlighan,

el-Sheikh, Gordis, & Stroud, 2007; Kirschbaum &
Hellhammer, 1989; Rohleder & Nater, 2009).

To demonstrate true physiological resonance of
stress between two people, a target and an observer,
the observer’s state must be similar in quality to the
target and have resulted directly from the observation
(after McDougall, 1908/1923). Thus, if the observer
has an aversive state that does not match that of the tar-
get, such as feeling aroused, distressed, embarrassed,
or irritated, the response is not considered true res-
onance. Resonance also does not occur if observers
come to feel stressed indirectly—for example, from
their perceived responsibility to help, through top-
down simulation of how they would feel in the target’s
place, or from a conditioned association with some ele-
ment of the stimulus (e.g., facial fear, images of bodily
harm) (for a similar argument, see Krebs, 1975). To
demonstrate true resonance, we need to demonstrate
physiological stress of the observer that is proportional
to that of the target, and not simply due to induced
arousal, fear, or distress. Such proportional resonance
would be very unlikely if the observer’s state were
unrelated or elicited indirectly.

Despite extensive evidence for perception-action
processes, such as the emotional contagion of arousal
and distress, or the common neural activation between
experiencing and observing affective states like pain,
physiological stress may not resonate for multiple rea-
sons. For one, even in the literature reviewed above,
the evidence for direct physiological matching is
largely indirect, given that most studies only collect
data from observers (not target–observer concordance)
because they use distant, hypothetical, or feigning tar-
gets, such as pictures of needy children or confederates
in pain (e.g., Batson et al., 1988; Eisenberg et al., 1991;
Mehrabian & Epstein, 1972). Most studies also only
measure autonomic activity, which indicates general
arousal, but does not fully reflect physiological stress
per se.

Stress is differentiable from arousal in a number
of ways (Lundberg & Frankenhaeuser, 1980). Arousal
can occur during both positive (e.g., happiness) and
negative (e.g., anxiety) states (Bradley, Codispoti,
Cuthbert, & Lang, 2001), while the physiological
stress response occurs most commonly during the
motivated performance of an uncontrollable task under
conditions of social evaluation (Dickerson & Kemeny,
2004). Physiological stress, particularly when it is
associated with an uncontrollable social evaluative
challenge or threat, can be specifically linked to acti-
vation of the HPA. Physiological stress also includes
a general arousal component reflected in activation
of the SAM (Granger et al., 2007; Kirschbaum &
Hellhammer, 1989; Rohleder & Nater, 2009), but
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physiological stress as measured by the HPA is not one
and the same as arousal or distress, since, for example,
cortisol is not correlated with the degree of purported
or self-reported distress and often does not show the
same response profile as autonomic nervous system
markers to the same event (e.g., with heart rate increas-
ing but cortisol remaining unchanged) (e.g., Abelson,
1989; Buchanan, Bibas, & Adolphs, 2010). Therefore,
the differences between stress and arousal are signifi-
cant enough that we cannot assume that stress would
truly resonate at a physiological level.

Stress is a particularly important state in which
to examine contagion for multiple reasons. Stress is
known to exist chronically in individuals, a problem
that may be increasing according to recent large-scale
surveys (American Psychological Association, 2010).
In addition, the chronic state of stress is associated
with severe health consequences, such as decreased
immune functioning, increased morbidity, weight gain,
trouble sleeping, and increased risk of cardiovas-
cular disease (Cacioppo, 1994; Juster, McEwen, &
Lupien, 2010). Individuals who are stressed are also
surrounded by coworkers and family members who
may not be stressed by their own life situation, but
are clearly impacted adversely by social contact with
the stressed other. If the stress of another is not only
aversive but also directly contagious in the physio-
logical sense, then individuals in a stressed target’s
social network are also at risk of the common men-
tal and physical health consequences of stress. This
is particularly important to examine in critical devel-
opmental relationships such as that between stressed
parents and their children, because the health conse-
quences of physiological stress are much more severe
in early development when they can have long-lasting
effects on the way that the nervous system develops to
handle fundamental processes like metabolism, attach-
ment, and resilience to adversity (Lupien, McEwen,
Gunnar, & Heim, 2009).

To examine the potential resonance of physiological
stress, salivary cortisol and sAA were measured in par-
ticipant speakers and observing experimenters during a
modified Trier Social Stress Test (TSST) (Kirschbaum,
Pirke, & Hellhammer, 1993). The TSST is a standard-
ized laboratory task that reliably activates the HPA
and SAM in participant speakers performing a speech
and mental arithmetic task before observing experi-
menters. We hypothesized that during our empathic
TSST protocol (the “eTSST,” in which responses are
measured from observers as well as speakers), speak-
ers’ neurohormonal responses to stress would resonate
in the observing experimenters. We also hypothesized
that the physiological stress response of observers
would be greater in more trait-empathic observers,

since trait empathy appears to reflect a higher moti-
vation to attend to the affect of others (Hofelich &
Preston, 2011) that should facilitate the perception–
action process (Preston & de Waal, 2002b).

METHOD

Participants

The “observers” in this study were 20 student research
assistants employed in the laboratory and trained on
proper TSST experimenter behavior (after Kirschbaum
et al., 1993). Of the 20 observers, approximately half
were women (11 women, 9 men; age M = 21.8,
range = 18–28), and each viewed both male and
female speakers across multiple TSST experiments.
Approximately two-thirds of the sessions included
only one observer during the speech (n = 112) and
one-third of the sessions included two observers (n =
40). Counting each speaker–observer pairing as a sep-
arate dyad, even if two observers watched the same
speaker, produced a total of 152 speaker–observer
combinations from 112 speakers (55 women and 57
men; age M = 26.5, range = 18–50). The “speakers”
were recruited from the participant research pool of
Saint Louis University and received course credit or
were recruited from the local community and received
payment for participation. All participants, speakers
and observers, completed an informed consent docu-
ment approved by the Institutional Review Board of
Saint Louis University.

Procedure

The procedure for our modified empathic TSST
included one experimenter, who initially inter-
acted with the speaker, and one or two trained
observers (research assistants from the laboratory),
who observed the speaker during the TSST. The exper-
imenter welcomed the speaker to laboratory room 1,
obtained informed, written consent from the speaker,
and initiated the testing procedure. To reduce potential
social habituation effects, speakers and observers did
not interact before the TSST.

Speakers

Speakers reported to laboratory room 1 between
1200 and 1600, to control for diurnal cycles of
cortisol and sAA, and were administered through
the phases of the experiment by an “experimenter,”
a separate research assistant who did not also act
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as an observer for that participant. Speakers first
spent 10 min completing demographic questionnaires,
relaxed for 10 min, and provided pre-TSST mea-
sures of baseline affect—Positive Affect Negative
Affect Schedule (PANAS); Watson, Clark, & Tellegen,
1988—and saliva samples (collected in Salivette col-
lection tubes; Sarstedt, Rommelsdorf, Germany). After
providing samples, speakers received instructions from
the experimenter for our modified TSST: They were
instructed to imagine being accused of shoplifting
and having to defend themselves in front of the store
manager. These instructions differ from the original
TSST, in which speakers imagine a mock job inter-
view; we selected these procedures after pilot testing
determined that they were more effective in eliciting
cortisol responses (after al’Absi et al., 1997). Speakers
had 5 min to prepare the speech. At the end of the
preparation period, speakers moved to laboratory room
2 where the observer(s) were waiting. Upon entering
laboratory room 2, the experimenter left the room and
the speaker was reminded of the instructions from one
observer and was signaled to begin the speech. At the
end of the 5-min speech, the observer gave instructions
for the mental arithmetic task (serial subtraction of the
numeral 13 from 1022). Finally, at the end of the 5-
min mental arithmetic task, the observer indicated that
the speaker’s task was complete, and the experimenter
returned and escorted the speaker back to laboratory
room 1. Immediately after the task, speakers provided
post-TSST PANAS measures; 10 min after the task,
speakers provided post-TSST saliva samples.

Observers

Prior to their first testing session, observers com-
pleted the Interpersonal Reactivity Index (IRI) (Davis,
1983), a multidimensional trait empathy index with
separate subscales for empathic concern, personal
distress, perspective taking, and fantasy. Observers
reported to laboratory room 2, 15 min after the speak-
ers had arrived in order to avoid any pre-TSST interac-
tions between speaker and observers. Observers pro-
vided pre-TSST saliva samples upon arrival at the
laboratory, at the same time that the speakers pro-
vided their first saliva sample. The observers provided
their second saliva sample 10 min after the speaker’s
completion of the TSST, again, concurrent with the
post-TSST sample of the speaker.

Biochemical measurement

After the study, saliva samples were stored at
!20 "C until assayed. Cortisol was measured with an

immunoassay kit with chemiluminescence detection
(CLIA; IBL Hamburg, Germany), and sAA was mea-
sured by the quantitative enzyme kinetic method (see
Granger et al., 2007; Rohleder & Nater, 2009). Intra-
assay and interassay coefficients of variation were less
than 10%. The lower sensitivity for cortisol is 0.5
nmol/l; for amylase, 1.5 U/ml.

Data analysis

Because data were collected across multiple TSST
experiments, using actual observing research assis-
tants, the sample includes a heterogeneous number
of observers per speaker, observations per individ-
ual observer, and combinations of males and females;
this was accommodated during analysis by using
general linear models (GLMs) and weighted regres-
sions that controlled for the number of observa-
tions per observer and separately examined effects
of observer and speaker sex. All analyses of reso-
nant stress employed post-pre TSST difference scores
(for cortisol, sAA, and PANAS). Cortisol and sAA
were positively skewed and so were log-transformed
to approximate normal distributions as recommended
(Lovallo & Thomas, 2000). To test for physiological
resonance in observers, separate GLMs were run to
examine whether observer cortisol or sAA responses
were similar to those of the speakers.

Speaker response was modeled with separate cat-
egorical fixed factors for cortisol and sAA (low, neu-
tral, and high speaker response; see Table 1), parsing
the separate effects of each on observer responses.
Discrete categorization of speakers was used because
cortisol and sAA responses were highly leptokurtic
(Shapiro–Wilk W test rejected the normality of corti-
sol and sAA, respectively: kurtosis = 12.0, W = .827,
p < .0001; kurtosis 17.4, W = .763, p < .0001). Low
responders were equal to or less than 1 SD below the
mean; neutral responders were between negative and
positive 1 SD; high responders were equal to or above
1 SD. Five speakers had missing cortisol data, and nine
speakers had missing sAA data and were excluded
from these analyses. The number of speaker–observer
pairs is higher than the number of speakers in most
comparisons (Table 1) because some speakers were
observed by more than one experimenter.

Observer identity was included as a random factor
reduced with iterative REML to account for the het-
erogeneous number of observations per experimenter
(observers viewed an average of 7.6 sessions, range =
1–34). To examine effects of speaker and observer sex,
each comparison was recalculated with sex included
as three fixed factors (speaker sex, observer sex, and
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TABLE 1
Data on the speakers’ response to the TSST for cortisol and sAA: speaker response characteristics. Data show

log-transformed cortisol (originally in nmol/l) and sAA (originally in U/ml) response values. Speaker responses were
categorized into low (equal to or less than 1 SD below the mean), neutral (between negative and positive 1 SD), and
high (equal to or above 1 SD). The number of speaker–observer pairs is higher than the number of speakers when

speakers were observed by more than one experimenter

Speaker response
Speaker descriptives Low Neutral High

Cortisol
Number of speakers 11 85 11
Speaker–observer pairs 16 115 15
Mean response !0.3 0.04 0.7
Range response !0.4 to !0.24 !0.23 to 0.39 0.4 to 2.07

sAA
Number of speakers 7 89 7
Speaker–observer pairs 7 125 9
Mean response !0.55 0.04 0.65
Range response !0.95 to !0.33 !0.21 to 0.31 0.32 to 1.94

their interaction). To determine whether the speaker’s
self-reported affect was associated with the degree of
physiological change in the observer, similar GLMs
were used to examine the fixed effects of speaker
changes in positive and negative affect on observer cor-
tisol and sAA (again including observer identity as a
random effects factor reduced with iterative REML).
To examine effects of observer trait empathy on the
observer’s response, mean changes in observer cortisol
and sAA across all observed speakers were corre-
lated with their trait empathy per subscale, weighting
each by their total number of observations. To exam-
ine potential effects of habituation in cortisol and sAA
reactivity across repeated observations, intercepts and
linear slope estimates were calculated for the sample
and per individual observer, using GLM with ran-
dom factors for observer identity and the number of
observations nested within each observer. This model
included 14 observers after removing six who had
fewer than three observations, in order to maximize the
reliability of slope estimates. All analyses were con-
ducted with JMP 8.0.1 (SAS Institute, Cary, NC, USA)
and R 2.9.1 (R Foundation for Statistical Computing),
using the lme4 package (version .999375-31).

RESULTS

Speaker cortisol and sAA responses

Table 1 includes a breakdown of speaker cortisol and
sAA response profiles. Speakers showed the expected
cortisol increase to the TSST—pre-post repeated-
measures ANOVA main effect: F(1, 103) = 5.2,

p < .05—but increases in speaker sAA response were
marginal, F(1, 99) = 2.7, p = .11.

Observer cortisol responses

Observer cortisol responses increased significantly
from pre- to post-TSST, t(147) = 2.77, p = .006
(Figure 1), and increased relative to the amount of
cortisol increase in the observed speaker (Figure 2).
After accounting for 19% of the variance with observer
identity, the response of the speaker predicted a signif-
icant amount of the remaining variance in the observer
response, F(2, 129.2) = 3.52, p = .03, d = 0.26
(Figure 2). This resonance still existed after control-
ling for speaker and observer sex, F(2, 126.4) = 3.72,
p < .05, and there were no main effects or interactions
with sex—speaker sex: F(1, 125) = 1.59, ns; observer
sex: F(1, 19.6) = 0.22, ns; interaction: F(1, 124.6) =
0.52, ns. Observer cortisol responses were not pre-
dicted by speaker sAA response, F(2, 129.4) = 0.88,
ns, or speaker self-reported affect (after 15% of the
variance explained by observer identity, no significant
remaining amount was accounted for by speaker pos-
itive or negative affect, F < 1.3, ns). Even examining
individual PANAS adjectives did not reveal any signif-
icant associations between observer cortisol response
and speaker affect, t < 1.29 (for “determined”), ns.
However, observer cortisol responses were signifi-
cantly higher in observers with higher self-reported
tendencies for empathic concern, r = .46, p < .05,
and perspective taking, r = .45, p < .05, but lower
fantasy, r = !.64, p < .005 (Figure 3). Personal dis-
tress was unrelated (r = .12, ns). Across observers, the



6 BUCHANAN ET AL.

Figure 1. Speakers’ mean, log-transformed cortisol (top) and sAA
(bottom) responses before and after the stressful TSST speech and
mental arithmetic task. Cortisol was originally measured in units
of nanomoles per liter (nmol/l), and sAA was originally measured
in enzyme units per milliliter (U/ml). Error bars represent 95%
confidence intervals.

cortisol responses did not attenuate with experience,
with an overall slope estimate that was near zero (esti-
mate !.002 log nmol/l per observation, SE = .003,
t = !0.65, ns). However, the distribution of individ-
ual observer estimates was right-skewed, with 13 of
14 observers (93%) having negative slopes.

Observer sAA responses

Observer sAA responses increased marginally from
pre- to post-TSST, t(144) = 1.87, p = .06
(Figure 1), but were unrelated to the speaker sAA
response (Figure 2). After accounting for 5% of
the variance with observer identity, neither speaker
sAA nor speaker cortisol response predicted a sig-
nificant remaining amount of the variance, respec-
tively, F(2, 129.4) = 1.06, ns; F(2, 218.9) =
0.45, ns. This lack of resonance was not affected
by adding speaker sex and observer sex to the
model—cortisol: F(2, 126.2) = 0.26, ns; sAA: F(2,
126.5) = 1.40, ns—and male and female observers
responded similarly overall—main effect of sex: F(1,
17.6) = 0.07, ns; interaction with speaker sex:
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Figure 2. Observers’ log-transformed cortisol and sAA responses
classified by the level of response in the speaker they were observ-
ing (low, neutral, high) for both speaker cortisol (filled circles) and
speaker sAA (unfilled circles) with SE bars (n = 138 observations).
Both speaker responses (cortisol and sAA) were included in the
GLMs to parse their separate effects on observers.

F(1, 124.2) = 2.62, ns. However, both male and
female observers responded marginally stronger to
female than male speakers, F(1, 124.5) = 3.53,
p = .06; least squares mean response to females =
0.03, SE = 0.05; to males = !0.04, SE = 0.05,
d = 0.12. In contrast to the lack of relationships
between observer cortisol and speaker affect reported
above, observer sAA responses did increase with
speakers’ self-reported increase in negative affect from
the task. After accounting for 5% of the variance with
observer identity, increased negative affect explained
a significant remaining amount, F(1, 141.9) = 3.97, p
< .05; parameter estimate .0078, SE = 0.0039). There
were no such effects for positive affect, F(1, 139.8) =
.13, ns. Similar to cortisol, increases in observer sAA
were significantly higher for observers with higher ten-
dencies for empathic concern, r = .45, p < .05, and
marginally higher for perspective taking, r = .42, p <

.10 (Figure 3). Fantasy (r = !.28, ns) and personal
distress (r =.16, ns) were unrelated. Across observers,
the sAA responses did not attenuate with experience,
with an overall slope estimate that was near zero, esti-
mate .001 log(U/l) per observation, SE = 0.006, t =
0.12, ns. Again, the distribution of individual observer
estimates was right-skewed, but this time with only 7
of the 14 observers (50%) having negative slopes.

DISCUSSION

This is the first known demonstration of a resonat-
ing, physiological response in observers of stress.
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Figure 3. Weighted scatter plots showing associations between mean log-transformed observers’ (n = 20) cortisol (top) and sAA (bottom)
and trait measures of empathy from the Interpersonal Reactivity Index (IRI; see Davis, 1983), including subscales for empathic concern (left),
perspective taking (middle), and fantasy (right). Bubble sizes indicate the weight (number of observations: range 1 to 34), and trend lines indicate
weighted correlations. Statistics are provided in the text.

Previous research has demonstrated that we can
“catch” the facial expressions of others (e.g., Dimberg,
Thunberg, & Elmehed, 2000) and become aversively
aroused from observing their distress, particularly
when assayed through autonomic measurements such
as skin conductance, heart rate, or pupil size (e.g.,
Harrison et al., 2006; Hatfield et al., 1993; Preston
et al., 2007). Such empathic resonance has been cen-
tral to many proximate models of empathy, which
assume that intersubjective access to the feelings of
others results from the spontaneous mapping of their
perceived states onto our own representations for expe-
rience (e.g., Gallese, 2001; Preston & de Waal, 2002b).
However, the physiological resonance of stress has not
been demonstrated. In fact, multiple factors suggest
that physiological stress would not resonate between
individuals, including the difficulty of eliciting physi-
ological stress in the laboratory, the specific conditions
under which it is elicited, and the known dissociation
between physiological stress and typical self-reported
and autonomic measures of resonance (Dickerson &
Kemeny, 2004).

Observers in our eTSST did indeed show increases
in their own cortisol response, proportional to that
of their paired speaker. This relationship occurred
across observers, even before factoring in trait empa-
thy, and was not affected by the sex of the observer
or speaker. This suggests that it is a fairly robust

phenomenon. Importantly, this effect demonstrates
resonance, because it was measured simultaneously in
interacting observer–target pairs, with the observer’s
response linked in both quality and quantity to the
specific physiological state of the speaker. Because
of this, the activation in observers is highly unlikely
to reflect a state that does not match the target or
was induced indirectly, or through top-down cog-
nitive processes. Further supporting the empathic
nature of the phenomenon, observers with higher
self-reported empathic concern and perspective-taking
had greater increases in cortisol and sAA to speak-
ers. Interestingly, observers with a higher tendency
to engage in fantasy actually had reduced corti-
sol responses, which may reflect the more inwardly
directed nature of this particular subscale. Future work
can help isolate the specific state elicited in empathic
observers, perhaps focusing on measures of vagal tone
via heart-rate variability, which has been associated
previously with states of compassion and empathic
concern (e.g., Eisenberg et al., 1996; Porges, 1999).

The empathic resonance of cortisol is particularly
remarkable, given that the HPA response is not always
elicited in laboratory stress studies. Indeed, the per-
centage of participants who show a cortisol response
to the TSST, which is the most effective laboratory
elicitor of cortisol responses (Dickerson & Kemeny,
2004), is only 70% (Kirschbaum et al., 1993). Further,
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the cortisol response is difficult to predict from other
measures of emotion that may be easier for observers
to detect, such as the degree to which the speaker is
distressed or aroused—-e.g., with increases in sweat-
ing or respiratory frequency (Bradley et al., 2001;
Ritz, George, & Dahme, 2000). Instead, the cortisol
response is more strongly associated with factors that
are more internally driven, such as the degree to which
the target feels threatened or socially evaluated, or per-
ceives the situation as uncontrollable (Dickerson &
Kemeny, 2004). Given these qualifications for produc-
ing a cortisol response in the laboratory, the finding of
such a response from our observers, who were merely
observing the performance of others, and not actively
engaged in a task themselves, is noteworthy.

Our perception–action framework presumes that
the observers centrally processed complex, multi-
modal indices of the speaker’s affect that reflected their
actual level of physiological stress (including vocal
patterns, posture, facial expressions, the content of
their speech), but was not linked to any one feature
(e.g., a “stress expression”). According to this view,
observers with higher trait empathy would have paid
more attention to the affect of the speaker, which in
turn enhanced any mimicry and reactivity to the stimu-
lus (e.g., Avenanti, Miniopaluello, Bufalari, & Aglioti,
2009; Hofelich & Preston, 2011; Petrides & Furnham,
2003; Sonnby-Borgström, 2002).

One could take the alternative view that our results
were caused by facial mimicry and feedback in our
observers. Indeed, prior work has found that facial
fear expressions in speakers, when analyzed frame-
by-frame by trained coders, does predict their cortisol
response (Lerner, Dahl, Hariri, & Taylor, 2007). Thus,
a facial feedback model (e.g., Adelman & Zajonc,
1989; Basch, 1983; Freud, 1922/1990; Hatfield et al.,
1993) could propose that our observers detected and
mimicked the facial fear of the speakers, producing
feedback to their own neural regions associated with
facial fear, which caused both a resonating fear and
proportional activation of the HPA. However, this cas-
cade is unlikely, because none of our speakers’ post-
TSST ratings of affect, including fear, were associated
with the cortisol response of the observers, and neither
the recognition of fear in others nor the first-person
experience of fear is associated with the release of
cortisol in laboratory and controlled field experiments
(Buchanan et al., 2010; Dickerson & Kemeny, 2004).
Thus, even if our observers did notice and mimic
the fear expressions of the speakers, this would not
suffice to activate their HPA axis. Self-conscious emo-
tions are also possible sources of speaker–observer
concordance, as states like shame and submission
are associated across species with easily observed

nonverbal behaviors as well as with cortisol reactiv-
ity, particularly during threats to the social self (e.g.,
Carney, Cuddy, & Yap, 2010; Dickerson, Gruenewald,
& Kemeny, 2004). Speakers’ self-reports of shame
(from an item analysis of the PANAS) did increase
significantly from pre- to post-stress, but as with fear,
this effect was unrelated to speakers’ or observers’
physiological responses.

Future work must determine which of the many
possible cues in speakers were important for predict-
ing their physiological stress response. Additionally,
self-report data from the observers can help deter-
mine whether their subjective experience of the event
reflects or explains the source of their physiological
response. Of note, from a process-oriented view of
empathy, a resonant state could still be considered to
have occurred, even if speakers and observers con-
sciously appraised their state differently. For example,
speakers could report feeling motivated and activated
by the speech challenge, and observers could directly
catch this affect, but appraise and label it with cog-
nitions of worrying about, or feeling uncomfortable
for, the speaker. The resonant state is considered
to be directly caught from the other, and enhanced
in empathic observers who attend more closely to
the affective cues of the other (Hofelich & Preston,
2011); however, once engaged, cognitive processes
can cause observers to interpret this physiological state
in different ways (e.g., Cacioppo, Berntson, Larsen,
Poehlmann, & Ito, 2000; Jakobs, Fischer, & Manstead,
1997; Russell, 2003), while still reflecting the basic
perception–action mechanism.

Even though cortisol and sAA are often inter-
correlated in response to stress (e.g., Nater et al.,
2005), we did not find the same empathic resonance
in sAA. This null effect must be examined further.
The lack of resonance in sAA between observers
and speakers may reflect the lower effect size of
speaker sAA pre- to post-TSST responses or the time
course of the post-TSST samples (the peak salivary
response for sAA is faster than for cortisol and so
our sample at 10 min post-stress may have missed the
peak of the sAA response; Rohleder & Nater, 2009).
However, these factors are probably not fully explana-
tory given that many relationships with observer sAA
were detected (e.g., greater observer sAA responses
for more empathic observers, in response to female
speakers, and toward speakers who reported more
negative affect). Given the nature of cortisol and auto-
nomic response profiles, and the common divergence
of the two systems during laboratory stress (e.g.,
Abelson, 1989; Buchanan et al., 2010), cortisol is more
likely to reflect the speaker’s response to an active,
social, evaluative challenge (Dickerson & Kemeny,
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2004), while sAA reflects the speaker’s more transient,
observable physical arousal and distress. This is sup-
ported by the fact that cortisol was most associated
with the PANAS adjective “determined” (but still not
significantly), while sAA was significantly associated
with speakers’ negative affect, and was more respon-
sive to female speakers (who typically display more
observable and pronounced responses; Fujita, Diener,
& Sandvik, 1991).

The fact that we obtained these results in real labo-
ratory experimenters during a commonly used task has
multiple implications. For one, we have demonstrated
a novel method for measuring empathic resonance, in
an ecologically valid context, that can simultaneously
address the interdependent behavior and physiology of
both parties. This “empathy TSST” (eTSST) could be
particularly useful in future experiments to examine
the effects of personality, culture, and context on the
empathic response, including not only the physiologi-
cal, but also the psychological and prosocial elements
of empathy. It would be difficult to examine true stress
resonance in a neuroimaging environment, particularly
since the slow response of salivary cortisol would pre-
clude within-subjects comparisons across targets in
a single session. However, once the specific behav-
ioral cues of others’ stress are isolated, one could use
them to develop shorter, more efficient stimuli that can
be administered within-subjects to examine the neural
correlates of stress resonance.

Given the contagious effects of stress on observers,
research needs to specifically examine the long-term
consequences of and habituation to observing others’
stress in a research environment. There was some evi-
dence of habituation in observer cortisol responses,
though not in sAA responses. The only observer to
show an increase in cortisol reactivity over time was
an observer with many more observations, indicat-
ing either a nonlinear effect over time, or trait effects
that moderate this relationship. A more systematic test
of habituation is required to examine this important
question. Our ongoing work uses research partici-
pants specifically recruited as observers for a single
session, which not only minimizes the potential for
long-term effects but also allows us to test effects that
were less controllable with our convenience sample of
experimenter observers.

The contagion of stress likely occurs in a variety of
common, everyday contexts including in partners and
children of stressed family members and coworkers
in stressful work environments (Hatfield et al., 1993).
Indeed, recent studies reported that the vast majority of
children say that they are negatively impacted by their
parents’ stress (American Psychological Association,
2010) and that low stress is one of the strongest

predictors of successful parenting (Epstein, 2010).
Such contagious transfer could have significant psy-
chological, physiological, and health consequences
(Cacioppo, 1994; Juster et al., 2010). Given that stress
is widespread, and has clear negative effects on human
health, its physiological resonance should be consid-
ered an important public health concern.
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