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rom Specificity to Sensitivity: How Acute Stress
ffects Amygdala Processing of Biologically
alient Stimuli

ein J.F. van Marle, Erno J. Hermans, Shaozheng Qin, and Guillén Fernández

ackground: A vital component of an organism’s response to acute stress is a surge in vigilance that serves to optimize the detection and
ssessment of threats to its homeostasis. The amygdala is thought to regulate this process, but in humans, acute stress and amygdala
unction have up to now only been studied in isolation. Hence, we developed an integrated design using functional magnetic resonance
maging to investigate the immediate effects of controlled stress induction on amygdala function.

ethods: In 27 healthy female participants, we studied brain responses to emotional facial stimuli, embedded in an either acutely stressful
r neutral context by means of adjoining movie clips.

esults: A variety of physiological and psychological measures confirmed successful induction of moderate levels of acute stress. More
mportantly, this context manipulation shifted the amygdala toward higher sensitivity as well as lower specificity, that is, stress induction
ugmented amygdala responses to equally high levels for threat-related and positively valenced stimuli, thereby diminishing a threat-
elective response pattern. Additionally, stress amplified sensory processing in early visual regions and the face responsive area of the
usiform gyrus but not in a frontal region involved in task execution.

onclusions: A shift of amygdala function toward heightened sensitivity with lower levels of specificity suggests a state of indiscriminate
ypervigilance under stress. Although this represents initial survival value in adverse situations where the risk for false negatives in the

etection of potential threats should be minimized, it might similarly play a causative role in the sequelae of traumatic events.
ey Words: Amygdala, emotion, fMRI, human, posttraumatic stress
isorder, stress

he ability to react promptly to adverse conditions that
threaten homeostasis is essential for survival (1,2). The
initial phase of the stress response consists of a surge in

igilance that optimizes the detection and assessment of such
hreats by prioritizing sensory processing of potentially relevant
threat-related) information (3) and by reducing elaborative
rocessing (4). Although a heightened sensitivity to threat safe-
uards the organism from false negatives (i.e., the failure to elicit
needed response to a potentially harmful event), it might come
t the cost of decreased specificity (5). At a minimum, resulting
alse positives represent unnecessary, metabolically demanding
esponses to innocuous stimuli. However, together with an
ugmented alert for threat, decreased specificity under acute
tress might constitute a maladaptive mechanism that sets the
tage for psychological trauma etiology, as in posttraumatic stress
isorder (PTSD) (6).

The amygdala is the key structure in threat detection and
igilance regulation (7). An emerging view on amygdala function
s that of a gatekeeper that evaluates the environment for threat
ues and facilitates enhanced sensory processing (leading to
igilance) by lowering the perceptual thresholds in relevant
ensory brain regions (8), like early visual areas and the face
esponsive area of the fusiform gyrus (FFA) in case of emotional
acial perception (9,10). In states of acute stress, vigilance is
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proposed to be primarily upregulated by fast-acting agents such
as catecholemines that increase cellular excitability in limbic
areas, predominantly in the amygdala (3). However, up to now
the concepts of stress and amygdala-dependent vigilance have
been studied independently and not in direct experimental
conjunction. Therefore, we used functional magnetic resonance
imaging (fMRI) to investigate the immediate effects of controlled
stress induction on amygdala function. We examined, in partic-
ular, brain activity of participants while they performed a dy-
namic facial expression task—which is known to reliably engage
the amygdala (11,12)—embedded in either an acutely stressful
or neutral context (Figure 1A). Stressful context was induced by
showing short movie clips with highly aversive content and a
self-referenced instruction that directly preceded and followed
the task, whereas the control condition implemented movie clips
with emotionally neutral content. The dynamic facial expression
task consisted of passive viewing of blocks of photographed
faces morphing rapidly and dynamically into either an angry,
fearful, or happy facial expression. Implementing this integrated
design, we tested whether an acute, transient state of stress drives
the amygdala and visual areas linked to amygdala toward
increased processing of salient information (i.e., heightened
sensitivity). Moreover, we tested whether stress biases these
regions toward greater sensitivity to negative, threat-related
material specifically or whether stress might also prime the
processing of positively valenced stimuli in an unselective fash-
ion (i.e., lowered specificity). In addition, we examined activity
of the frontal eye fields (FEF) as a control region that is generally
involved in the task but not expected to show a specific effect of
stress.

Materials and Methods

Participants
Twenty-nine healthy women with normal or corrected vision
participated in this study. Only women were included to mini-
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ize heterogeneity related to gender differences in stress re-
ponse (13) and neural correlates of affective face perception
14). Only women taking contraceptive medication were in-
luded, to avoid confounds related to menstrual cycle-dependent
ariance in stress responsiveness (15). Scanning took place in the
inal 2 weeks of the cycle to ensure stable hormone levels.
articipants reported no history of psychiatric, neurological,
r endocrine disease and no current use of psychoactive drugs
r corticosteroids. They reported no history of being victim or
ye-witness of severe physical/emotional trauma or habit of
atching violent movies or playing violent video games. Written

nformed consent was obtained before the experiment, and the
tudy was approved by local ethical review board (CMO Region
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Arnhem-Nijmegen, The Netherlands) in accordance with the
declaration of Helsinki.

Participants were tested in a mixed-factorial design with
emotion type (angry, fearful, and happy) as within subject factor
and stress induction (stress vs. control) as between subject factor.
Participants were randomly assigned to either the stress (n � 14;
age: 21 � 2.1, range: 18–25) or control group (n � 13; mean age:
20 � 1.8, range: 18–24). Data of two additional participants were
excluded due to technical failure or failure to complete the
procedure.

General Procedure
The experiment took place in the afternoon, to ensure low

and relatively stable levels of endogenous cortisol. After arrival,
participants had an acclimatization period of 1.5 hours, during
which baseline saliva samples and affect ratings were collected.
To avoid further anticipatory stress in the control group, partic-
ipants were then told which experimental group they were
assigned to before being escorted to the MR scanner. The full
fMRI session consisted of several tasks that were each preceded
and followed by different movie clips and thus embedded in
either a continuously stressful or neutral context. In between the
first two movie clips, participants performed the dynamic facial
expression task reported here (see following text for descrip-
tion). The experiment ended with a resting condition and a
structural scan. A debriefing procedure followed after partici-
pants left the scanner.

Stress Induction
In the stress condition, moderate psychological stress was

induced by showing short movie clips inside the MRI scanner
containing scenes with strongly aversive content (extreme vio-
lence), selected from a commercially available movie (Irrévers-
ible, 2002 by Gaspar Noé). In contrast, participants in the control
condition watched equally long movie clips from another movie
(Comment j’ai tué mon père, 2001 by Anne Fontaine) that were
equal in luminance and similar in language but contained only
nonarousing scenes. Relative human/face presence during the
movie clips was similar in both conditions (93% in neutral and
96% in stressful movie clips). Participants were asked to con-
stantly and attentively view the movie clips (2.20 and 1.30 min,
respectively) after short introductory texts put them in the scene
from an eye-witness perspective, thereby attempting to involve

Figure 1. Experimental design and autonomic, hypothalamic–pituitary–
adrenal axis, and subjective responses to stress induction and neutral con-
trol condition. The dynamic facial expression task (DFET) was integrated in
an acutely stressful (stress group) or neutral (control group) context by
means of directly preceding and following short movie clips with strongly
aversive or emotionally neutral content, respectively. The task consisted of
viewing blocks of emotional faces dynamically morphing into overtly angry
(A), fearful (F), or happy (H) expressions (A). Stimuli consisted of short 133-
msec animation clips for each of 10 different faces, showing a morphing
sequence consisting of four frames (55%, 70%, 85%, and 100% emotional
expression) repeated at 2 Hz. The interleaved presentation of six blocks of
each emotion (25 sec, 50 morphing sequences each) and nine blocks of
fixation cross (25 sec, baseline for analysis) was counterbalanced across
subjects and totaled 11.5 min. Averaged, baseline-corrected heart rate fre-
quency (B) and heart rate variability (C) during movie clip 1 (light blue box),
DFET (dark blue box), and movie clip 2 (light blue box) for the stress and the
control group. Baseline-corrected salivary cortisol levels (D) and subjective
negative affect ratings (as measured by the positive and negative affect
scale) (E) assessed at baseline and at various time delays after DFET. Error
bars represent SEM. bpm, beats/min. Facial expressions reprinted with per-

mission by the Paul Ekman Group, LLC.
Time relative to start of movie 1 (min.)
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hem maximally in the experience. This method of stress induc-
ion closely corresponds to the determinants of the human stress
esponse as described by Mason (16), that is, unpredictability,
ovelty, and uncontrollability. Furthermore, it meets the criteria
escribed by Joëls et al. (17) for stress-enhanced memory to
ccur, that is, close spatio-temporal proximity of stressor and
ask (task preceded and followed by stressor within fMRI envi-
onment) and content overlap (both employing real-life, emo-
ionally salient stimuli). Finally, previous studies have shown that
imilar methods elicit measurable physiological stress responses
12,18).

ynamic Facial Expression Task
Directly in between the movie clips, participants passively

iewed blocks of faces morphing dynamically into either an
ngry, fearful, or happy facial expression. The perceptual pro-
essing of emotional faces has been shown to robustly engage
he amygdala (9) and even more so with a dynamic rather than
tatic presentation (11). Stimuli consisted of short 133-msec
nimation clips for each of 10 different faces (taken from a
tandardized set [19] and equalized in luminance and contrast),
howing a morphing sequence consisting of four frames (55%,
0%, 85%, and 100% emotional expression) repeated at 2 Hz. An
xperimental session lasted 11.5 min and consisted of six blocks
f each emotion (25 sec, 50 morphing sequences each) and nine
locks of fixation cross (25 sec, baseline for analysis) (Figure 1A).
locks were presented in a mirrored design avoiding covariation
ith linear drift, and adjacent blocks of the same emotion or

ixation cross were avoided. The order of blocks was counter-
alanced across participants. Participants made a right index
inger response on a button box after each block ended as a
ontrol for attention.

hysiological and Subjective Measurements of Stress
To assess the autonomic response to the context manipula-

ion, heart rate was continuously recorded throughout scanning
ith an infrared pulse oximeter (accompanying the MRI scanner,
iemens, Erlangen, Germany) placed on the left index finger.
ffline artifact correction and analysis of heart rate signal,

alculating heart rate frequency (HRF) and heart rate variability
HRV), was done with in-house software. The HRF was calcu-
ated as 60/mean interbeat interval and HRV as the root mean
quares of successive differences between successive interbeat
ntervals. This method assesses high-frequency variability in HR,
hich is thought to result from parasympathetic action mainly
nd should thus show a decrease as a function of stress (20,21).
he HRF and HRV were averaged for the duration of each movie
lip and task and baseline-corrected by subtracting the corre-
ponding values derived from a resting condition, which ended
he fMRI session. Data of four participants (three in the stress
roup) were discarded because of excessive signal artifacts.

To assess the hypothalamic–pituitary–adrenal (HPA) axis
esponse, saliva was sampled with salivette collection devices
Sarstedt, Rommelsdorf, Germany) to determine the level of free
ortisol. Sampling consisted of two baseline measurements (75
nd 60 min before movie clip 1) and three additional measure-
ents: 1) immediately after the task, 2) after the last movie clip,

nd 3) 20 min after leaving the scanner (15, 60, and 90 min after
he start of movie clip 1, respectively). All measurements were
aseline-corrected. All samples were stored at �20°C until
nalysis. Centrifuging at 3000 rpm for 5 min resulted in a clear
upernatant of low viscosity. Salivary-free cortisol concentra-

ions were determined by the Department of Biopsychology,
TU Dresden, Germany, employing a chemi-luminescence-
assay (CLIA) with a high sensitivity of .16 ng/mL (IBL,
Hamburg, Germany).

Subjective state was assessed by obtaining the positive and
negative affect scale (PANAS) (22) once at baseline and at three
additional time-points coinciding with saliva sampling. Ten items
for positive and 10 for negative affect had to be rated on a
five-point scale ranging from “1—not at all” to “5—extremely”.
Separate scores for positive and negative affect were baseline-
corrected.

For all stress measures, statistical analyses were performed
with repeated measures analyses of variance (ANOVAs) over all
time points of measurement with stress induction (stress vs.
control) as between subjects factor. Whenever necessary, further
testing was done with simple t tests. The � was set at .05
throughout.

Image Acquisition
Whole brain T2*-weighted blood oxygenation level-depen-

dent (BOLD) fMRI data were acquired using echo-planar imaging
(EPI) with a Siemens TIM Trio 3.0 Tesla MR-scanner with an
ascending slice acquisition (37 axial-slices, echo time [TE]/
repetition time [TR]: 25/1890 msec, flip angle: 80°, field-of-view:
212 � 212 mm, matrix 64 � 64, 3-mm slice thickness, .3-mm slice
gap). Three hundred sixty-three images were acquired during the
task. We used a relatively short TE, an oblique axial angulation,
and reduced echo-train length (23) by means of Factor 2
accelerated GRAPPA (24), to reduce artifacts caused by inhomo-
geneity around air-tissue interfaces. High-resolution structural
images (1 � 1 � 1 mm) were obtained with a T1-weighted
magnetization-prepared rapid gradient-echo sequence (TE/TR:
2.96/2300 msec, flip angle: 8°, field-of-view: 256 � 256 � 192 mm,
GRAPPA acceleration Factor 2).

Image Analysis
Image processing and statistical analyses were performed

with SPM5 (http://www.fil.ion.ucl.ac.uk/spm). The first five
echo-planar imaging volumes were discarded to allow for T1
equilibration, and the remaining images were realigned with
rigid body transformations. The mean image was then coregis-
tered to the structural MR-image. Subsequently, images were
transformed into common stereotactic space (Montreal Neuro-
logical Institute [MNI]152 T1-template) and resampled into 2-mm
isotropic voxels. Spatial smoothing was performed with a Gauss-
ian kernel of 8 mm full-width at half-maximum.

Statistical analysis was performed within the framework of the
general linear model (25). The three emotion types were mod-
eled separately as boxcar regressors and convolved with the
canonical hemodynamic response function of SPM5. Addition-
ally, realignment parameters were included to model potential
movement artifacts. Contrast parameter images generated at the
single subject level (each emotion type � fixation) were submit-
ted to second level group analysis.

Given the study’s primary focus on amygdala, this region was
targeted as a region of interest (ROI). Specifically, a mask for its
anatomical location in standard (MNI152) space was created by
thresholding (p � .35) a probability map obtained through
manual anatomical segmentation of the amygdala in the T1
images of 21 individuals (26). Anatomically based extraction of
amygdala data ensures full data-independence in voxel selection
and allows us to investigate all effects of interest without bias
(27). The mask consisted of 127 and 107 2 � 2 � 2 mm3 voxels

for the right and left amygdala, respectively. Next, mean param-

www.sobp.org/journal
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ter estimates of amygdala were extracted and entered into an
NOVA with emotion type (angry, fearful, and happy) as within
ubject factor and stress induction (stress vs. control) as between
ubject factor. The � was set at .05.

For all other regions, statistical parametric maps were created
ithin SPM5 with a 3 (emotion type) � 2 (stress induction)
NOVA. Our statistical threshold was set at p � .05 corrected for
ultiple comparisons with Gaussian random field theory. Given

hat our additional ROIs (primary visual cortex, FFA, and FEF) do
ot have clear anatomical demarcations on a macroscopic level,
e implemented for these regions reduced spherical search
olumes (15-mm radius) centered around previously reported
functionally defined) centers: primary visual cortex (28), FFA
29), and FEF (30).

esults

utonomic, HPA-Axis and Subjective Responses to Stress
nduction

To monitor the effects of stress induction, heart rate was
ecorded continuously throughout scanning and salivary cortisol
amples and subjective affect ratings were collected at baseline
nd at various time delays after the task.

The HRF and HRV, averaged and baseline-corrected sepa-
ately for each movie clip and the total duration of the task, are
resented in Figures 1B and 1C, respectively. A 3 (task) � 2
stress induction) ANOVA revealed a main effect of stress
nduction [stress � control, F (1,21) � 15.3, p � .001] and a stress
nduction � task interaction [F (2,42) � 12.1, p � .001] for HRF.
eparate independent t tests additionally revealed main effects of
tress induction for both movie clips [movie 1: T(22) � 3.9; p �
001; movie 2: T(22) � 4.5; p � .001] and an effect for the task
hat just failed to be significant [T (23) � 2.0; p � .056]. A
imilar analysis for HRV revealed a main effect of stress induction
stress � control, F (1,21) � 4.4, p � .05] but no interactions.
ogether, these results demonstrate that our stress induction
esulted in elevated sympathetic and decreased parasympathetic
onus.

Figure 1D shows baseline-corrected salivary cortisol levels.
n ANOVA with time as within subject factor and stress

nduction as between subject factor revealed that cortisol
evels dropped below baseline [F (1,25) � 9.6, p � .05], most
ikely due to anticipation and diurnal fluctuation. Further-
ore, we found an interaction between the factors stress

nduction and time [F (2,24) � 3.4, p � .05]. This effect was
arried by a difference in salivary cortisol levels between the
roups directly after the task [stress � control, T (15.8) � 1.9, p �
05, one-sided].

Figure 1E shows baseline-corrected subjective negative affect
atings as measured by the PANAS. An ANOVA revealed a main
ffect of stress induction [stress � control, F (1,25) � 18.6, p �
001] and an interaction between the factors stress induction and
ime [F (2,24) � 7.6, p � .05]. Separate independent t tests
evealed significantly higher negative ratings for the stress group
han the control group directly after the task [T (25) � 2.7; p �
05] and 60 min after the start of movie clip 1 [T (25) � 4.8; p �
001]. No effects of stress were found for positive affect ratings.

Together these results indicate that for the stress group the
ynamic facial expression task was indeed embedded in a
oderately stressful context.

MRI Results
For the analysis of brain activity we first focused on the
mygdala using a ROI analysis. We extracted mean parameter

ww.sobp.org/journal
estimates of each amygdala using a predefined anatomical mask
and entered these into a 3 (emotion type) � 2 (stress induction)
ANOVA (Figure 2). First, as expected, the task resulted in strong
bilateral amygdala activation [all emotion types � fixation for
both groups together; right amygdala: F (1,25) � 41.1, p � .001;
left amygdala: F (1,25) � 30.7, p � .001]. More importantly, we
revealed a main effect of the factor stress induction in the right
amygdala [all emotion types � fixation � stress � control;
F (1,25) � 9.5, p � .01], reflecting a heightened processing of
emotional facial stimuli in an acutely stressful context. This main
effect was qualified by an interaction between the factors stress
induction and emotion type [F (2,50) � 4.3, p � .05], suggesting
a differential effect of stress on the processing of facial emotions.
Further testing this interaction, we analyzed the groups sepa-
rately and showed a main effect of the factor emotion type in the
control group [F (2,24) � 4.0, p � .05] but not in the stress group
[F (2,26) � 1.2, p � .332]. Within the control group the amygdala
exhibited larger responses to angry as well as fearful faces in
comparison with happy faces [angry vs. happy: T (12) � 2.5, p �
.05; fearful vs. happy: T (12) � 2.6, p � .05] but no difference in
response to angry and fearful faces [T (12) � 1]. Taken together,
this interaction between the factors stress induction and emotion
type can thus be characterized as selective amygdala responsive-
ness to negative faces in the control group that shifted toward an
indiscriminate, heightened reactivity to all facial expressions in
the stress group.

An additional whole brain analysis with statistical parametric
mapping demonstrated, for the main effect of face perception,
robust activations in a widespread visual processing network,
including primary visual cortex, extrastriate cortex, and occipi-
totemporal regions, like the fusiform gyrus (Figure 3, Table 1).
Additionally, the task strongly activated bilateral amygdala. Fur-
thermore, as a crucial part of the visuomotor system, involved in
the allocation of spatial attention, bilateral frontal eye fields were
also engaged by the task. Acute stress enhanced sensory pro-
cessing of emotional faces (main effect of stress induction) in
both early visual areas as well as FFA. In contrast, our FEF control
region showed no differential activation. The main effect of stress
in right amygdala just failed to be significant. An interaction
between the factors stress induction and emotion type was
exclusively observed in right amygdala. Finally, an additional
regression analysis with the right amygdala as seed region
revealed enhanced connectivity in the stress group between the
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Figure 2. Region-of-interest analysis of amygdala. Anatomically extracted,
mean parameter estimates (param. est.) of the right amygdala in response
to each facial emotion type relative to baseline for the stress and control
group. Error bars reflect (� SEM). a.u., arbitrary units.
right amygdala and midbrain (Supplement 1).
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iscussion

The present study aimed to investigate the effects of acute
tress on amygdala functioning. With an integrated fMRI design
hat embedded a dynamic facial expression task in an either
cutely stressful or neutral context, we found that acute stress
ffects the neural correlates of emotional facial processing in a
wofold manner. First, acute stress drives the amygdala as well as

5
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25A B

y = -4z = -18
R

Main effect of face perception

t-value
R

igure 3. Statistical parametric maps illustrating the main effect of face
erception are overlaid onto axial (A) and coronal (B) planes of a single
ubject T1 image provided by SPM5. All additional amygdala analysis is
erformed implementing a region-of-interest approach with anatomical
ata extraction (see first part of fMRI Results section). For display purposes,

he T-map is thresholded at p � .001, uncorrected. For Montreal Neurolog-
cal Institute coordinates and voxel-level statistics, see Table 1. R, right.

Table 1. Peak Voxel and Corresponding T Values of Sig
Perception and Stress Induction and Stress Induction �

Main Effect of Face Perception
Widespread visual processing network (incl. early

visual areas and fusiform gyrus �FFA)
Lateral geniculum body
Precentral gyrus (FEF)

Cerebellum

Superior frontal gyrus

Precuneus

Superior temporal gyrus
Cingulate gyrus
Putamen
Inferior frontal gyrus
Amygdala

Main Effect of Stress Induction
Early visual areas

Fusiform gyrus (FFA)
Amygdala

Stress Induction by Emotion Type Interaction
Amygdala

MNI, Montreal Neurological Institute; FEF, frontal ey
L, left.

ap � .05 (Familywise Error corrected for whole brain
bp � .001 (small-volume corrected).

cp � .05 (small-volume corrected).
parts of the visual system involved in face perception toward
enhanced processing of emotional facial stimuli. Second, the
amygdala shifts from a selective to an indiscriminate response
pattern as a function of stress.

Increased responsiveness of the amygdala in acutely stressful
context is associated with enhanced processing in both early
visual areas and the FFA and points toward heightened sensitivity
for salience of these regions under stress. Both brain regions are
critically involved in (affective) face perception and have strong
reciprocal anatomical connections to the amygdala (31). Further-
more, Vuilleumier et al. (9,10) have shown that the amygdala
directly potentiates early sensory processing of visual stimuli in
these regions as a function of emotion. The joined, enhanced
activation levels observed in our data might indicate an addi-
tional modulation by the amygdala as a function of stress. As a
result, this system of brain regions might contribute to a state of
enhanced vigilance that augments the detection and assessment
of threatening or generally salient events.

Additionally, as stress increased amygdala reactivity to equally
high levels for both threat-related and positively valenced stim-
uli, this heightened sensitivity in the amygdala seemed to be
accompanied by lowered specificity. Although recent studies
also report amygdala responses to positively valenced stimuli
such as happy facial expressions (32,33), larger amygdala re-
sponses to negatively as opposed to positively valenced material
is the predominant neuroimaging finding (34,35). In light of the
amygdala’s putative role in vigilance, such valence-specific ef-

ntly Activated Clusters in Main Effects of Face
ion Type Interaction

MNI Coordinates

isphere x y z t Value

�26 �80 �12 25.13a

L �22 �26 �4 10.34a

R 50 2 42 8.16a

L �46 �2 52 8.47a

R 8 �74 �40 6.79a

L �8 �74 �44 8.38a

R 6 10 62 6.65a

L �6 8 60 5.20a

R 32 �50 54 6.37a

L �28 �50 54 5.55a

L �28 12 �22 5.80a

L �12 �16 44 5.79a

R 28 8 �4 5.65a

R 56 18 4 5.42a

R 22 �4 �18 5.26a

L �22 �6 �18 4.61b

R 12 �82 8 3.85c

R 10 �96 �2 3.71c

L �12 �100 �8 3.65c

L �34 �52 �12 3.78c

R 26 �4 �24 2.73 (p � .07)

R 28 �2 �22 3.25c

s; FFA, face responsive area of fusiform gyrus; R, right;

e).
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w

ects are usually interpreted as resulting from the fact that angry
nd fearful faces convey threat in contrast to happy faces. The
rocessing of threat-related material by amygdala is believed to
e partly driven by incompletely processed, relatively coarse,
ow spatial frequency features of visual stimuli (7,36–38). This
llows a fast, almost automatic extraction of threat signals from
he environment with high levels of sensitivity but with a
ossible bias toward false positives (5). This vital function of
mygdala might be enhanced in an acutely stressful context,
earing the amygdala to higher sensitivity with less specificity. In
his view, one could argue that low spatial frequency features of
he dynamically morphing happy faces, like the repeated “flash-
ng” exposure of white teeth, are overly detected by the amyg-
ala in the stress group and conceived as potentially threatening.
ecent studies show that for the evaluation of facial affect the
mygdala depends mostly on affective information from the
ye-region, like large, fearful eye whites (39,40). Under stress,
he amygdala might additionally orient attention toward other
acial regions that convey affective (and possibly threat-related)
nformation, like the mouth. A partly complementary interpreta-
ion comes from the observation that amygdala is especially
ensitive to stimulus situations that are incongruent or ambigu-
us and therefore in need of greater vigilance and attention (8).
ccordingly, in a negative, stressful context, happy faces might
et attributed a status of ambiguity that triggers high amygdala
esponses and subsequent sensory processing.

Alternatively but not mutually exclusive, stress might have
aused reduction in prefrontally mediated control over amygdala
rocessing, as has been previously reported in neuroimaging
tudies on PTSD (41,42). In this study, we did not find evidence
or this, possibly because the task involved solely perceptual
rocessing and no cognitive evaluation. For instance, we re-
ently reported reduced prefrontal cortex activity in stressed
ndividuals when using a demanding working memory task (4).
owever, it is important to consider that the absence of a
egative prefrontal cortex effect does not exclude the possibility
hat our findings reflect, in part, reduced prefrontal control.

A potential driving force of the stress effects might be found
n elevated activity of the locus coeruleus-norepinephrine system
LC-NE) (43). Given that amygdala receives direct norepinephri-
ergic innervation from LC (44) and NE levels in amygdala rise in
esponse to stressful stimuli (45), one might postulate that
oderately elevated baseline levels of NE in the stress group
rive the observed high phasic amygdala responses. Supporting
his notion, an exploratory seed region analysis demonstrated
nhanced coupling between amygdala and midbrain as a func-
ion of stress. This finding is in line with recent neuroimaging
tudies showing that NE manipulations affect amygdala activity
n humans (46–48). Through this mechanism LC-NE might
romote a state of focused attention to potential stressors.
owever, additional studies probing directly the interplay be-

ween amygdala and LC after stress induction are needed.
A possible limitation is that we do not examine the effect of

cute stress induction on the processing of emotionally neutral
aterial. We decided not to include a previously used “neutral”

quivalent to the emotional morphing faces (i.e., actors blowing
p their cheeks) (33), because these stimuli have been shown to
licit strong amygdala responses, probably due to their ambigu-
us nature (46). Thus, these “neutral” equivalents are in that
ense not truly neutral. Moreover, by restricting the study to
motional faces, we focused on the differential effect of acute
tress on different emotional valences, while avoiding differ-

nces in arousal.

ww.sobp.org/journal
Finally, on a speculative basis these findings might further the
understanding of stress-related mental disorders such as PTSD.
Hyperresponsiveness of the amygdala to trauma-related (49) as
well as generally threatening (42,50) or even emotionally neutral
(51) material is found in a large variety of neuroimaging studies
on PTSD (41). However, whereas most of this research encom-
passes the already established disease state, our data potentially
elucidate some of the mechanisms related to the actual psycho-
logical trauma etiology. First, we postulate that hypersensitivity
of amygdala to emotional stimuli under acute high stress might
lead to exaggerated fear associations, which in conjunction with
multiple other factors might develop into traumatic memory
traces (6). Second, the indiscriminate nature of this amygdala
hypersensitivity might relate to overgeneralization of fear asso-
ciations, linking a fear response to actually innocuous informa-
tion that happens to get encoded in a stressful or traumatic
context and thus becomes part of the trauma. This would
correspond to the clinical phenomenon of nonaversive cues
being able to trigger intrusive memories and re-experiencing of
the trauma, when this encoding relationship is present (52).

In sum, our data show that an experimentally induced state of
moderate acute stress shifts the amygdala toward heightened
sensitivity with lower levels of specificity. Although such a shift
is beneficial for survival in adverse, stressful situations where
the failure to detect threat might result in serious damage to
the organism, it might in parallel play a causative role in the
development of stress-related psychopathology.

This work was supported by a grant (918.66.613) from The
Dutch Organization for Scientific Research (NWO).

All authors reported no biomedical financial interests or
potential conflicts of interest.

Supplementary material cited in this article is available
online.

1. Selye H (1955): Stress and disease. Science 122:625– 631.
2. McEwen BS (2007): Physiology and neurobiology of stress and adapta-

tion: Central role of the brain. Physiol Rev 87:873–904.
3. de Kloet ER, Joels M, Holsboer F (2005): Stress and the brain: from

adaptation to disease. Nat Rev Neurosci 6:463– 475.
4. Qin S, Hermans EJ, van Marle HJF, Luo J, Fernandez G (2009): Acute

psychological stress reduces working memory-related activity in the
dorsolateral prefrontal cortex [published online ahead of print April 28].
Biol Psychiatry.

5. Öhman A, Mineka S (2001): Fears, phobias, and preparedness: Toward
an evolved module of fear and fear learning. Psychol Rev 108:483–522.

6. Rauch SL, Shin LM, Phelps EA (2006): Neurocircuitry models of posttrau-
matic stress disorder and extinction: Human neuroimaging research—
past, present, and future. Biol Psychiatry 60:376 –382.

7. Phelps EA, LeDoux JE (2005): Contributions of the amygdala to emotion
processing: From animal models to human behavior. Neuron 48:175–
187.

8. Davis M, Whalen PJ (2001): The amygdala: Vigilance and emotion. Mol
Psychiatry 6:13–34.

9. Vuilleumier P, Pourtois G (2007): Distributed and interactive brain mech-
anisms during emotion face perception: Evidence from functional neu-
roimaging. Neuropsychologia 45:174 –194.

10. Vuilleumier P, Richardson MP, Armony JL, Driver J, Dolan RJ (2004):
Distant influences of amygdala lesion on visual cortical activation dur-
ing emotional face processing. Nat Neurosci 7:1271–1278.

11. Sato W, Kochiyama T, Yoshikawa S, Naito E, Matsumura M (2004): En-
hanced neural activity in response to dynamic facial expressions of
emotion: An fMRI study. Brain Res 20:81–91.

12. Wittling W, Pfluger M (1990): Neuroendocrine hemisphere asymme-
tries: Salivary cortisol secretion during lateralized viewing of emotion-

related and neutral films. Brain Cogn 14:243–265.



1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

H.J.F. van Marle et al. BIOL PSYCHIATRY 2009;66:649–655 655
3. Wang J, Korczykowski M, Rao H, Fan Y, Pluta J, Gur RC, et al. (2007):
Gender difference in neural response to psychological stress. Soc Cogn
Affect Neurosci 2:227–239.

4. Cahill L (2006): Why sex matters for neuroscience. Nat Rev Neurosci
7:477– 484.

5. van Wingen GA, van Broekhoven F, Verkes RJ, Petersson KM, Backstrom
T, Buitelaar JK, Fernandez G (2008): Progesterone selectively increases
amygdala reactivity in women. Mol Psychiatry 13:325–333.

6. Mason JW (1968): A review of psychoendocrine research on the pitu-
itary-adrenal cortical system. Psychosom Med 30(suppl):576 – 607.

7. Joëls M, Pu Z, Wiegert O, Oitzl MS, Krugers HJ (2006): Learning under
stress: How does it work? Trends Cogn Sci 10:152–158.

8. Nejtek VA (2002): High and low emotion events influence emotional
stress perceptions and are associated with salivary cortisol response
changes in a consecutive stress paradigm. Psychoneuroendocrinology
27:337–352.

9. Ekman P, Friesen V (1976): Pictures of Facial Affect. Palo Alto, California:
Consulting Psychologists Publishing.

0. Goedhart AD, van der Sluis S, Houtveen JH, Willemsen G, de Geus EJ
(2007): Comparison of time and frequency domain measures of RSA in
ambulatory recordings. Psychophysiology 44:203–215.

1. Berntson GG, Bigger JT Jr, Eckberg DL, Grossman P, Kaufmann PG, Malik
M, et al. (1997): Heart rate variability: Origins, methods, and interpretive
caveats. Psychophysiology 34:623– 648.

2. Watson D, Clark LA, Tellegen A (1988): Development and validation of
brief measures of positive and negative affect: The PANAS scales. J Pers
Soc Psychol 54:1063–1070.

3. de Zwart JA, van Gelderen P, Golay X, Ikonomidou VN, Duyn JH (2006):
Accelerated parallel imaging for functional imaging of the human brain.
NMR Biomed 19:342–351.

4. Griswold MA, Jakob PM, Heidemann RM, Nittka M, Jellus V, Wang J, et al.
(2002): Generalized autocalibrating partially parallel acquisitions
(GRAPPA). Magn Reson Med 47:1202–1210.

5. Friston KJ, Holmes AP, Worsley KJ, Poline JB, Frith CD, Frackowiak RSJ
(1995): Statistical parametric maps in functional imaging: A general
linear approach. Hum Brain Mapp 2:189 –210.

6. Palmen SJ, Durston S, Nederveen H, Van Engeland H (2006): No evi-
dence for preferential involvement of medial temporal lobe structures
in high-functioning autism. Psychol Med 36:827– 834.

7. Kriegeskorte N, Simmons WK, Bellgowan PS, Baker CI (2009): Circular
analysis in systems neuroscience: The dangers of double dipping. Nat
Neurosci 12:535–540.

8. Hasnain MK, Fox PT, Woldorff MG (1998): Intersubject variability of
functional areas in the human visual cortex. Hum Brain Mapp 6:301–315.

9. Kanwisher N, McDermott J, Chun MM (1997): The fusiform face area: A
module in human extrastriate cortex specialized for face perception.
J Neurosci 17:4302– 4311.

0. Grosbras MH, Laird AR, Paus T (2005): Cortical regions involved in eye
movements, shifts of attention, and gaze perception. Hum Brain Mapp
25:140 –154.

1. Amaral DG, Behniea H, Kelly JL (2003): Topographic organization of
projections from the amygdala to the visual cortex in the macaque
monkey. Neuroscience 118:1099 –1120.

2. Fitzgerald DA, Angstadt M, Jelsone LM, Nathan PJ, Phan KL (2006):
Beyond threat: Amygdala reactivity across multiple expressions of facial
affect. Neuroimage 30:1441–1448.

3. van der Gaag C, Minderaa RB, Keysers C (2007): The BOLD signal in the
amygdala does not differentiate between dynamic facial expressions.

Soc Cogn Affect Neurosci 2:93–103.
34. Morris JS, Frith CD, Perrett DI, Rowland D, Young AW, Calder AJ, Dolan RJ
(1996): A differential neural response in the human amygdala to fearful
and happy facial expressions. Nature 383:812– 815.

35. Phan KL, Wager T, Taylor SF, Liberzon I (2002): Functional neuroanatomy
of emotion: A meta-analysis of emotion activation studies in PET and
fMRI. Neuroimage 16:331–348.

36. Alorda C, Serrano-Pedraza I, Campos-Bueno JJ, Sierra-Vazquez V, Mon-
toya P (2007): Low spatial frequency filtering modulates early brain
processing of affective complex pictures. Neuropsychologia 45:3223–
3233.

37. LeDoux JE (1996): The Emotional Brain. New York: Simon & Schuster.
38. Vuilleumier P, Armony JL, Driver J, Dolan RJ (2003): Distinct spatial

frequency sensitivities for processing faces and emotional expressions.
Nat Neurosci 6:624 – 631.

39. Whalen PJ, Kagan J, Cook RG, Davis FC, Kim H, Polis S, et al. (2004):
Human amygdala responsivity to masked fearful eye whites. Science
306:2061.

40. Adolphs R, Gosselin F, Buchanan TW, Tranel D, Schyns P, Damasio AR
(2005): A mechanism for impaired fear recognition after amygdala dam-
age. Nature 433:68 –72.

41. Etkin A, Wager TD (2007): Functional neuroimaging of anxiety: A meta-
analysis of emotional processing in PTSD, social anxiety disorder, and
specific phobia. Am J Psychiatry 164:1476 –1488.

42. Shin LM, Wright CI, Cannistraro PA, Wedig MM, McMullin K, Martis B, et
al. (2005): A functional magnetic resonance imaging study of amygdala
and medial prefrontal cortex responses to overtly presented fearful
faces in posttraumatic stress disorder. Arch Gen Psychiatry 62:273–281.

43. Aston-Jones G, Cohen JD (2005): An integrative theory of locus coer-
uleus-norepinephrine function: Adaptive gain and optimal perfor-
mance. Annu Rev Neurosci 28:403– 450.

44. Asan E (1998): The catecholaminergic innervation of the rat amygdala.
Adv Anat Embryol Cell Biol 142:1–118.

45. Galvez R, Mesches MH, McGaugh JL (1996): Norepinephrine release in
the amygdala in response to footshock stimulation. Neurobiol Learn
Mem 66:253–257.

46. Kukolja J, Schlapfer TE, Keysers C, Klingmuller D, Maier W, Fink GR,
Hurlemann R (2008): Modeling a negative response bias in the human
amygdala by noradrenergic-glucocorticoid interactions. J Neurosci 28:
12868 –12876.

47. Strange BA, Dolan RJ (2004): Beta-adrenergic modulation of emotional
memory-evoked human amygdala and hippocampal responses. Proc
Natl Acad Sci U S A 101:11454 –11458.

48. van Stegeren AH, Goekoop R, Everaerd W, Scheltens P, Barkhof F, Kuijer
JP, Rombouts SA (2005): Noradrenaline mediates amygdala activation
in men and women during encoding of emotional material. Neuroimage
24:898 –909.

49. Liberzon I, Taylor SF, Amdur R, Jung TD, Chamberlain KR, Minoshima S,
et al. (1999): Brain activation in PTSD in response to trauma-related
stimuli. Biol Psychiatry 45:817– 826.

50. Rauch SL, Whalen PJ, Shin LM, McInerney SC, Macklin ML, Lasko NB, et al.
(2000): Exaggerated amygdala response to masked facial stimuli in
posttraumatic stress disorder: A functional MRI study. Biol Psychiatry
47:769 –776.

51. Hendler T, Rotshtein P, Yeshurun Y, Weizmann T, Kahn I, Ben-Bashat D, et
al. (2003): Sensing the invisible: Differential sensitivity of visual cortex
and amygdala to traumatic context. Neuroimage 19:587– 600.

52. Pine DS, McClure EB (2005): Anxiety disorders: Clinical features. In: Sa-
dock BJ, Sadock VA, editors. Kaplan & Saddock’s Comprehensive Textbook

of Psychiatry, 8th ed., vol 1. Philadelphia: Lippincott Williams & Wilkins,
1768 –1780.

www.sobp.org/journal


	From Specificity to Sensitivity: How Acute Stress Affects Amygdala Processing of Biologically Salient Stimuli
	Materials and Methods
	Participants
	General Procedure
	Stress Induction
	Dynamic Facial Expression Task
	Physiological and Subjective Measurements of Stress
	Image Acquisition
	Image Analysis

	Results
	Autonomic, HPA-Axis and Subjective Responses to Stress Induction
	fMRI Results

	Discussion
	References


