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Abstract: Major depression has been repeatedly associated with amygdala hyper-responsiveness to
negative (but not positive) facial expressions at early, automatic stages of emotion processing using
subliminally presented stimuli. However, it is not clear whether this ‘‘limbic bias’’ is a correlate of
depression or represents a vulnerability marker preceding the onset of the disease. Because childhood
maltreatment is a potent risk factor for the development of major depression in later life, we explored
whether childhood maltreatment is associated with amygdalar emotion processing bias in maltreated
but healthy subjects. Amygdala responsiveness to subliminally presented sad and happy faces was
measured by means of fMRI at 3 T in N ¼ 150 healthy subjects carefully screened for psychiatric disor-
ders. Childhood maltreatment was assessed by the 25-item childhood trauma questionnaire (CTQ). A
strong association of CTQ-scores with amygdala responsiveness to sad, but not happy facial expres-
sions emerged. This result was further qualified by an interaction of emotional valence and CTQ-scores
and was not confounded by trait anxiety, current depression level, age, gender, intelligence, education
level, and more recent stressful life-events. Childhood maltreatment is apparently associated with de-
tectable changes in amygdala function during early stages of emotion processing which resemble find-
ings described in major depression. Limbic hyper-responsiveness to negative facial cues could be a
consequence of the experience of maltreatment during childhood increasing the risk of depression in
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later life. Limitation: the present association of limbic bias and maltreatment was demonstrated in the
absence of psychopathological abnormalities, thereby limiting strong conclusions. Hum Brain Mapp
34:2899–2909, 2013. VC 2012 Wiley Periodicals, Inc.
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INTRODUCTION

Depression ranks among the most debilitating diseases
with a life-time prevalence of 16% and occupies a top rank
among the major causes of disability adjusted life years
worldwide (World Health Organization, 2001). Under-
standing neurobiological vulnerability markers involved in
the onset and maintenance of depression is a major
research goal. The acute state of depression has been
extensively investigated by human neuroimaging studies.
It has been repeatedly reported that acutely depressed
patients show increased amygdala responsiveness to vari-
ous emotionally negative stimuli (Abler et al., 2007; Fu
et al., 2004; Peluso et al., 2009; Sheline et al., 2001; Siegle
et al., 2002, 2007). Using subliminally presented facial
expressions, two independent studies recently demon-
strated that acute depression is associated with increased
amygdala responsiveness to negative but not positive faces
already on automatic stages of emotion processing (Suslow
et al., 2010a; Victor et al., 2010). However, to date it is not
known whether amygdala hyper-responsiveness repre-
sents a state marker of acute depression or trait character-
istic of depression vulnerability.

Among the strongest risk factors for developing major
depression are experiences of childhood maltreatment
(Gilbert et al., 2009), with up to 30% of all maltreated chil-
dren fulfilling DSM-IV criteria for major depression in

their late 20s (Widom et al., 2007). It was estimated that

up to 30–40% of the adult population have experienced at

least some form of maltreatment during childhood (Scher

et al., 2004). Furthermore, childhood maltreatment was al-

ready repeatedly associated with reduced hippocampal

volumes (Bremner et al., 1997; Edmiston et al., 2011; Frodl

et al., 2010; Teicher et al., 2012; Vythilingam et al., 2002),

which is also a frequent finding in major depression (Mac-

Queen and Frodl, 2010).
Given the highly increased risk for adults having experi-

enced maltreatment as children, it could be speculated
that these subjects could already demonstrate an automatic
limbic bias. In line with this notion, it was demonstrated
that childhood maltreatment is associated with increased
amygdala responsiveness to sad faces in depressed
patients (Grant et al., 2011), to fearful/angry faces in a
large sample of healthy subjects (Dannlowski et al., 2012),
and to different emotion categories in a mixed patient and
healthy control sample (van Harmelen et al., 2012). How-
ever, all three studies the stimuli were presented overtly,
and therefore, the tasks did not tap the rapid, automatic
stages of emotion processing. It seems to be of particular

importance to examine automatic responding to emotional
stimuli because in general emotions are involuntarily eli-
cited and emerge without conscious effort in everyday life
(Bargh and Chartrand, 1999; Scherer, 1993).

Therefore, in this study we sought to clarify the impact
of childhood maltreatment on automatic amygdala respon-
siveness to negative and positive facial cues in a large
sample of healthy adults. We used a subliminal priming
paradigm specifically designed to target the automatic
stages of emotion processing (particularly in the amyg-
dala), which has already been used in several previous
imaging studies of our group. We hypothesized that
healthy adults having experienced maltreatment as chil-
dren would show amygdala hyper-responsiveness to nega-
tive but not positive facial expressions also in a subliminal
presentation condition.

METHODS

Subjects

A total of N ¼ 150 right-handed subjects (71 male, 79
female) were thoroughly investigated by experienced psy-
chologists and were free from any life-time history of psy-
chiatric disorders according to DSM-IV criteria (American
Psychiatric Association, 1994), as diagnosed with the SCID
interview (Wittchen et al., 1997), see (Dannlowski et al.,
2012) for details. Exclusion criteria were scores � 10 on
the Beck Depression Inventory (BDI), any neurological
abnormalities, any history of psychiatric disorders, history
of seizures, head trauma or unconsciousness, intake of any
psychotropic medication, and the usual MRI-contraindica-
tions. The Childhood Trauma Questionnaire (CTQ) was
administered to assess maltreatment during childhood.
The CTQ is a 25-item retrospective self-report question-
naire designed to assess five types of negative childhood
experiences (Bernstein et al., 1994). The reliability was
high in this sample (internal consistency; Cronbach’s a ¼
0.95; please see Supporting Information Figure 1 for a his-
togram regarding CTQ score distribution in the sample).
Furthermore, the perceived stress scale (PSS) and the List
of Threatening Experiences Questionnaire (LTE-Q) were
administered as measures of more recent stressful life-
events. The PSS assesses the degree to which situations in
the subjects’ life are experienced as stressful and how
unpredictable, uncontrollable, and overloaded respondents
find their lives during the past month (Cohen et al., 1983).
The LTE-Q assesses 12 stressful life-events during the last
12 months (Brugha and Cragg, 1990). Trait anxiety was
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measured with the State-Trait Anxiety Inventory (STAI, trait
version) (Laux et al., 1981). Verbal intelligence was esti-
mated by the Mehrfachwahl-Wortschatz-Intelligenztest
(multiple choice vocabulary intelligence test; MWT-B)
(Lehrl, 1995). We further assessed harm avoidance as meas-
ured with the Tridimensional Personality Questionnaire
(Weyers et al., 1995). Table I lists sociodemographic, ques-
tionnaire, and behavioral data of the final study sample.
The study was conducted in accordance with the Declara-
tion of Helsinki and was approved by the Ethics Committee
of the University of Münster. After complete description of
the study to the participants, written informed consent was
obtained. Participants received a financial compensation.

Subliminal Affective Priming Paradigm

This paradigm is based on previous behavioral studies
in major depression (Dannlowski et al., 2006) and has been
widely used in imaging studies for investigating the early,
automatic stages of emotion processing in patients and
healthy subjects as described previously (Dannlowski
et al., 2010b; Kugel et al., 2008; Rauch et al., 2010; Reker
et al., 2010; Suslow et al., 2009, 2010a, 2010b). Briefly, facial
stimuli consisted of grey-scale normalized sad, happy, and
neutral expressions of 10 individuals from the Ekman &
Friesen stimulus set (Ekman and Friesen, 1976). Emotional
and neutral faces were presented for 33 ms and masked
by neutral faces of the same individuals. To avoid identity
of prime and mask in the neutral face condition, vertically
mirrored faces were used as neutral primes. A total of 80
trials were shown: 20 with sad, 20 with happy, and 20

with neutral prime faces. In 20 trials, no-face primes were
presented. The no-face prime condition consisted of neu-
tral faces in which central facial features (i.e., eyes, nose,

TABLE I. Sociodemographic, questionnaire, and

behavioral data of all study participants (N 5 134) of

the final fMRI sample; mean 6 SE (range)

Age 34.5 � 10.6 (20–57)
Education years 15.6 � 2.2 (10–18)
Sex (m/f) 63/71
Verbal intelligence (IQ)a 117.5 � 11.6 (94–145)
BDI 1.5 � 1.8 (0–8)
STAI-T 31.8 � 6.8 (20–53)
Harm avoidance 9.6 � 4.5 (0–20)
CTQ-score 34.2 � 10.7 (25–74)
CTQ emotional neglect 9.1 � 4.3 (5–25)
CTQ emotional abuse 7.5 � 3.8 (5–23)
CTQ physical abuse 5.7 � 2.1 (5–20)
CTQ physical neglect 6.5 � 2.0 (5–13)
CTQ sexual abuse 5.2 � 0.9 (5–14)
PSS 18.5 � 6.5 (5–35)
LTE-Q 1.0 � 1.3 (0–7)
Mean evaluation sad prime condition 0.022 � 0.27
Mean evaluation happy prime condition 0.021 � 0.26
Mean evaluation neutral prime condition 0.019 � 0.27
Mean evaluation no-face prime condition 0.014 � 0.27
RT sad prime condition 1469.7 � 355.7
RT happy prime condition 1440.1 � 342.1
RT neutral prime condition 1408.3 � 363.0
RT no face prime condition 1469.7 � 355.7

aAssessed with the Mehrfachwahl-Wortschatz-Intelligenztest,
MWT-B (Lehrl, 1995).

Figure 1.

Childhood maltreatment (CTQ-scores) is positively associated

with right amygdala responsiveness to negative but not positive

facial expressions. Left panel: Coronal view (y ¼ �2) depicting

the interaction of emotional valence (sad vs. happy) and child-

hood maltreatment (CTQ-scores). Color bar, F-value (df ¼ 1,

264). Middle and right panel: Scatter plot depicting amygdala

responsiveness to masked happy (middle panel) and sad (right

panel) facial expressions dependent on self-reported childhood

maltreatment. There was no significant association of CTQ-

scores and amygdala responsiveness to happy faces (r ¼ �0.16,

P ¼ 0.064) but a strong positive association of CTQ-scores and

amygdala responsiveness to negative faces (r ¼ 0.37, P < 0.001).

[Color figure can be viewed in the online issue, which is avail-

able at wileyonlinelibrary.com.]
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and mouth) had been replaced by a surface without con-
tours. Faces were shown in two fixed pseudo-random
sequences with the restriction of no repetition of an indi-
vidual and no more than one repetition of a prime condi-
tion on consecutive trials. Each trial lasted 9 s. A fixation
cross presented for 800 ms preceded a prime face shown
for 33 ms which was followed by the corresponding neu-
tral face mask, presented for 467 ms. A blank screen fol-
lowed for 7,700 ms. During this time-period, subjects had
to evaluate whether the neutral (mask) face expressed
rather negative or positive feelings, by pressing one of
four buttons (�1.5, �0.5, þ0.5, and þ1.5). In each hand,
participants held a fiber-optic response pad with two but-
tons (the positive or the negative response keys). One half
of the sample gave positive responses with the left hand;
the other with the right hand. Judgments and reaction
times were registered.

Prime Detection Task

After the fMRI experiment, all subjects answered a fixed
set of questions whether they had noticed any features of
the subliminally presented faces in the affective priming
task. Then, the subjects were informed about the presence
of the emotional prime faces and took part in a forced-
choice prime detection task outside the scanner to assess
potential objective awareness. The prime detection task
consisted of 40 trials of the same stimulus presentation
conditions and the same stimuli as in the fMRI experiment
(33 ms prime presentation, followed by a neutral face
mask of the same actor). However, in the prime detection
task, the subjects were asked to indicate the prime condi-
tion that was presented before the neutral mask via button
press. The hitrate was calculated for each subject. A bino-
minal distribution test indicated that >15/40 hits were sig-
nificantly above chance level (P < 0.05, two-tailed).

fMRI Methods

Images were projected to the rear end of the scanner
(Sharp XG-PC10XE with additional HF shielding). T2*
functional data were acquired at a 3 T scanner (Gyroscan
Intera 3T, Philips Medical Systems, Best, NL), using a sin-
gle shot echoplanar sequence with parameters selected to
minimize distortion in the region of central interest, while
retaining adequate signal to noise ratio (S/N) and T2* sen-
sitivity. Volumes consisting of 34 slices were acquired (ma-
trix 64 � 64, resolution 3.6 � 3.6 � 3.6 mm3; TR ¼ 2.1 s,
TE ¼ 30 ms, FA ¼ 90�). The slices were tilted 25� from the
AC/PC line to minimize drop out artifacts in the orbito-
frontal and mediotemporal region.

Functional imaging data were realigned and unwarped,
spatially normalized to standard MNI space (Montreal
Neurological Institute) and smoothed (Gaussian kernel, 6
mm FWHM) using Statistical Parametric Mapping (SPM8,
http://www.fil.ion.ucl.ac.uk/spm). Three subjects had to
be excluded for anatomical abnormalities discovered in

the structural MRI-Images (abnormally enlarged ven-
tricles). Furthermore, 13 subjects were excluded due to ex-
cessive head movement (exclusion criterion > 2 mm and/
or 2�), leaving N ¼ 134 complete datasets for fMRI analy-
ses. These 16 excluded subjects did not differ from the
included 134 subjects regarding CTQ-scores or any socio-
demographic or questionnaire data (all P > 0.25).

fMRI Data Analysis

We tested our main hypothesis of amygdala responsive-
ness modulation by childhood maltreatment via regressing
CTQ scores on amygdala responsiveness to sad-neutral
and happy-neutral facial expressions separately. The amyg-
dala was defined according to the AAL-atlas (Tzourio-
Mazoyer et al., 2002), and the amygdala mask was created
by means of the WFU pickatlas (http://fmri.wfubmc.edu/
software/PickAtlas). To control for multiple statistical test-
ing, we maintained a cluster-level false-positive detection
rate at P < 0.05 using a voxel threshold of P < 0.05 with a
cluster (k) extent empirically determined by Monte Carlo
simulations (n ¼ 1000 iterations), by means of the Alpha-
Sim procedure (Forman et al., 1995), implemented in the
REST toolbox (http://restfmri.net/forum/index.php). The
empirically determined cluster threshold was k ¼ 33 voxels
for the bilateral amygdala mask.

In a second step, the mean contrast values of significant
clusters from these analysis were extracted for each partic-
ipant and further analyzed with PASW Statistics 18: We
conducted a multiple regression model predicting amyg-
dala responsiveness with CTQ-scores, age, total education
time (years), verbal intelligence, harm avoidance, trait anx-
iety and depression level, as well as PSS-scores and LTE-
Q-scores. Furthermore, each of the 5 CTQ subscales was
separately correlated with amygdala responsiveness to
explore which maltreatment type was the strongest predic-
tor. Additionally, we conducted nonparametric correla-
tions of CTQ and amygdala responsiveness.

For exploratory reasons, a whole-brain analysis of emo-
tional valence � childhood trauma interaction was con-
ducted at an uncorrected threshold (P < 0.001, k ¼ 10), by
means of a multiple regression analysis predicting brain
activation by sad > happy faces by CTQ-scores, again
regressing out age, gender, total education time (years),
detection task performance, verbal intelligence, harm
avoidance, trait anxiety and depression level, as well as
PSS-scores and LTE-Q-scores.

RESULTS

Detection Task

The N ¼ 134 subjects had a mean hit rate of 12.8 corrects
hits/40 trials (range 4-22). Although about half of all sub-
jects reported being able to see ‘‘a brief flash of light’’ in
the detection task (after being informed about the presence
of backward-masked faces), none of the subjects reported
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being able to consciously detect the emotional prime faces,
neither in the detection task nor during the fMRI experi-
ment. However, N ¼ 31 subjects (23.1%) showed a hit rate
above chance level (>15 hits) and were, therefore, consid-
ered as ‘‘detecting.’’ The remaining N ¼ 103 subjects
scored within the range of chance level and were, there-
fore, considered ‘‘nondetecting.’’ To account for differences
in detection task performance, we conducted two addi-
tional analysis strategies: First, in addition to our main
analysis in the entire sample, we analyzed the data of
‘‘detecting’’ and ‘‘nondetecting’’ subjects separately and
second, within the entire sample, we entered detection
task performance as nuisance regressor.

Behavioral Results

Table I lists mean reaction times and evaluative
responses for the experimental conditions. There were no
significant associations of amygdala responsiveness to sad
or happy faces with any behavioral measure (reaction
times and evaluative responses).

fMRI Results

As in previous studies, the paradigm significantly
activated the bilateral amygdala in response to sublimi-
nally sad faces (opposed to the neutral face baseline; right:
x ¼ 26, y ¼ 2, z ¼ �14; Z ¼ 3.02, Puncorrected < 0.001; clus-
ter size k ¼ 146; left: x ¼ �24, y ¼ 0, z ¼ �28; Z ¼ 3.34,
Puncorrected < 0.001; cluster size k ¼ 86) and happy faces
(right: x ¼ 26, y ¼ 2, z ¼ �14; Z ¼ 3.26, Puncorrected <
0.001; cluster size k ¼ 108; left: x ¼ �22, y ¼ 0, z ¼ �26; Z
¼ 3.55, Puncorrected < 0.001; cluster size k ¼ 83).

The regression analysis conducted with SPM8 yielded
a strong positive association of CTQ-scores and
amygdala responsiveness to sad-neutral faces (right: x ¼
26, y ¼ �2, z ¼ �22; t ¼ 4.2, df ¼ 134, Puncorrected <
0.0001; PFWE-corrected ¼ 0.005; r ¼ 0.37, cluster size k ¼ 183;
left: x ¼ �24, y ¼ 0, z ¼ �20; t ¼ 4.0, df ¼ 134, Puncorrected

< 0.0001; PFWE-corrected ¼ 0.01; r ¼ 0.34, cluster size k ¼
142). In contrast, the regression of CTQ-scores on amyg-
dala responsiveness to happy-neutral facial expressions
produced no significant cluster.

To explicitly test an emotion by CTQ interaction, a full
factorial model was conducted including the within-sub-
jects factor emotion (happy vs. sad) and CTQ as covariate,
modeled as interaction term with the emotion factor. The
interaction was highly significant in the right amygdala
(x ¼ 28, y ¼ �2, z ¼ �22; F(1,264) ¼ 20.6, Puncorrected <
0.0001; PFWE-corrected ¼ 0.002, cluster size k ¼ 115),
whereas a cluster in the left amygdala failed to survive the
cluster correction (x ¼ �24, y ¼ 2, z ¼ �20; F(1,264) ¼
8.78, Puncorrected ¼ 0.003; PFWE-corrected ¼ 0.28; r ¼ 0.38,
cluster size k¼20). Thus, in the right amygdala, a signifi-
cantly stronger correlation of CTQ-scores and neural activ-
ity to sad faces compared with happy faces emerged (see

Fig. 1). To determine the amygdalar subregion where dif-
ferential processing of emotion faces occurred, the SPM
Anatomy toolbox Version 1.5 was administered (Eickhoff
et al., 2005). The emotion � group interaction was located
in the lateral and basal nuclei of the right amygdala.

Subsequently, we extracted the activity at these coordi-
nates in response to sad and happy facial expressions
(contrast values) for each subject separately for further
processing with PASW Statistics 18. To assess potential
effects of detection task performance, we conducted the
correlations of CTQ and amygdala responsiveness addi-
tionally for ‘‘detecters’’ and ‘‘nondetecters,’’ separately. The
correlation of CTQ-scores and amygdala responsiveness to
sad faces was highly significant among the nondetecters
(N ¼ 103, r ¼ 0.35, P ¼ 0.0002) and the detecters (N ¼ 31,
r ¼ 0.54, P ¼ 0.0014). No association of CTQ-scores and
amygdala responsiveness to happy faces could be dis-
cerned in the whole sample or in either subgroup.

In a multiple regression analysis conducted in the entire
sample predicting, the mean activation of the right amyg-
dala responsiveness to sad faces by CTQ-score, detection
task performance, BDI, harm avoidance, STAI trait, PSS,
LTE-Q, age, verbal intelligence, and total education time,
the strong effect of CTQ remained unchanged (b ¼ 0.35,
t(122) ¼ 4.04, P < 0.0001). No other predictor had any sig-
nificant effect (all P > 0.25). Thus, the association of child-
hood maltreatment and limbic hyper-responsiveness was
apparently unconfounded by detection task performance,
recent stressful life events, current levels of subclinical
depression and anxiety symptoms, verbal intelligence, or
sociodemographic factors. Also, a nonparametric correla-
tion of CTQ-scores and amygdala responsiveness (Spear-
man’s rho) was highly significant rs ¼ 0.25, P ¼ 0.004.

From all five subscales, emotional neglect (r ¼ 0.37, P <
0.0001) and emotional abuse (r ¼ 0.33, P ¼ 0.0001) were
the strongest predictors for amygdala responsiveness to
sad faces, followed by physical neglect (r ¼ 0.28, P ¼
0.001) and physical abuse (r ¼ 0.23, P ¼ 0.008). The corre-
lation of CTQ-scores and sexual abuse reached a trend
level of significance (r ¼ 0.16, P ¼ 0.068). However, the
results from different subscales should be treated with
care because the two ‘‘emotional’’ scales showing the high-
est correlations were also the subscales with the largest
variance, and furthermore, there were no significant differ-
ences regarding the highest correlation (emotional neglect,
r ¼ 0.37) and the lowest correlation (sexual abuse, r ¼
0.16), P ¼ 0.08.

Conducting the same multiple regression model as men-
tioned above, predicting amygdala responsiveness to
happy faces yielded no significant effect of CTQ-scores (b
¼ �0.15, t(122) ¼ �1.6, P ¼ 0.11). However, there was a
significant association of LTE-Q scores (b ¼ �0.29, t(122)
¼ �3.34, P ¼ 0.001, indicating that a larger number of
stressful life-events during the year before study participa-
tion predicted a weaker amygdala responsiveness to
happy facial expressions. No other regressor yielded any
significant result (all P > 0.25).
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Regarding our whole-brain regression analysis, in addi-
tion to the right amygdala, also other clusters show a simi-
lar emotion � childhood trauma interaction pattern,
including ventromedial PFC, the anterior cingulate gyrus,
and the insula (see Table II for details). All areas showing
a significant interaction revealed the same pattern as in
the amygdala-a stronger positive association of CTQ scores
and neural responsiveness to sad faces, opposed to the
association of CTQ scores and neural responsiveness to
happy faces (which was either less positive or even nomi-
nally negative).

DISCUSSION

This data suggest a strong effect of childhood maltreat-
ment on automatic amygdala excitability to negative but
not positive facial expressions that seems to persist in later
life. A significant difference between the negative and pos-
itive experimental condition regarding maltreatment
effects on amygdala responsiveness was qualified by an
emotion (happy, sad) � maltreatment (CTQ-scores) inter-
action. There was no evidence for confounding effects of
age, verbal intelligence, education, current depression,
harm avoidance and trait anxiety levels, level of perceived
stress during the past month or stressful life-events during
the year before participation. This association was dis-
cerned in the absence of any current or life-time history of
psychiatric disorders.

The amygdala plays a core role in a neural circuit proc-
essing emotional valence and generating rapid affective
responses (Davis and Whalen, 2001; Domschke and Dann-

lowski, 2010; Phillips et al., 2003). In addition to a slower,
cortical route, the amygdala receives direct projections
from thalamic nuclei, allowing a rapid response to emo-
tionally salient stimuli, even before conscious cortical rep-
resentations emerge (Ledoux, 2000). These notions were
widely confirmed in human neuroimaging studies, show-
ing that amygdala responses can be discerned particularly
to negative facial expressions even if the stimuli were pre-
sented subliminally (Killgore and Yurgelun-Todd, 2004;
Morris et al., 1996, 1999; Nomura et al., 2004; Whalen
et al., 1998), or under binocular suppression (Williams
et al., 2004) and thus were ‘‘unseen,’’ and processed with-
out explicit knowledge. Our present results indicate that
maltreatment experiences during childhood affect the ‘‘low
route,’’ biasing emotion processing on an automatic level.

Our results indicate that the emotion � maltreatment
interaction was located in the basolateral parts of the right
amygdala, albeit due to the limited spatial resolution of
our fMRI sequence, these results should be taken with
care. The basolateral amygdala represents the central input
structure of the amygdaloid complex and is critically
involved in the generation of affect (Davis and Whalen,
2001). Also in humans, neuroimaging studies have identi-
fied particularly the right basolateral amygdala as being
the main subarea associated with hyperactivity in major
depression or anxiety (Etkin et al., 2004; Suslow et al.,
2010a). A lateralization of our findings to the right amyg-
dala is in line with previous findings of right lateralized
stress responses in the brain (Sullivan and Gratton, 2002),
a particular role of the right amygdala in automatic stress
responses (Gläscher and Adolphs, 2003), and stronger
right amygdala responsiveness to subliminally presented

TABLE II. Results of a multiple regression analysis predicting brain activation by

sad > happy faces by CTQ-scores, regressing out age, gender, total education time

(years), detection task performance, verbal intelligence, harm avoidance, trait

anxiety and depression level, as well as PSS-scores and LTE-Q-scores (conducted

at P < 0.001, uncorrected, k 5 10 voxels)

Anatomical region BA Side
Cluster

size X Y z Z-score
P-value
(uncorr.)

Angular gyrus,
MOG

19 L 30 �38 �62 24 4.53 <0.0001

SFG, precentral
gyrus

6 R 58 24 �16 54 4.34 <0.0001

SPG 7 L 24 �20 �76 48 4.15 0.00002
Amygdala — R 15 26 �2 �22 4.10 0.00002
Insula — R 25 32 34 8 4.00 0.00003
Putamen — L 12 �16 12 �10 3.69 0.00011
ACC, SFG

(medial part)
32 L 19 �12 44 2 3.64 0.00014

Fusiform gyrus 19 R 11 26 �82 �12 3.55 0.00019
MFG 8/9 L 11 �36 20 48 3.49 0.00024

Coordinates are given in MNI space. MFG, Middle frontal gyrus; SFG, superior frontal gyrus;
IFG, inferior frontal gyrus; ACC, anterior cingulate cortex; SPG, superior parietal gyrus; MOG,
middle occipital gyrus.
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stimuli (Costafreda et al., 2008). However, this laterality
finding should be treated with care, because the left amyg-
dala showed a similar but nonsignificant pattern in our
sample.

Our results are, furthermore, in line with recent data
obtained in rodent models via in vivo single cell record-
ings (Rosenkranz et al., 2010). Paralleling our imaging
results, the authors reported that chronic stress induces
amygdala hyper-excitability in the lateral nuclei of the
amygdaloid complex.

It is known that the amygdala modulates vigilance and
attention to enhance subsequent information processing
throughout the brain (Ledoux, 2000). A low automatic
reactivity of the amygdala to positive facial expressions
could result in less engagement in the encoding of such
positively valenced stimuli, or reduced recruitment of
attention resources bringing emotional stimuli to conscious
awareness. In contrast, higher amygdala responsiveness to
negatively valenced stimuli could bias attention and other
cognitive processes negatively. High amygdala responsive-
ness to negative stimuli was shown to be associated with
trait anxiety (Etkin et al., 2004; Sehlmeyer et al., 2010),
harm avoidance (Dannlowski et al., 2011), depression level
(Lee et al., 2007), and cognitive biases favoring the proc-
essing of negative stimuli (Dannlowski et al., 2007a, 2007b;
Hamilton and Gotlib, 2008). Furthermore, several studies
have already demonstrated that patients suffering from
clinical major depression show amygdala hyper-respon-
siveness to different kinds of negative stimuli (Abler et al.,
2007; Fitzgerald et al., 2008; Fu et al., 2004; Kessler et al.,
2011; Peluso et al., 2009; Sheline et al., 2001; Siegle et al.,
2002, 2007) but rather reduced responsiveness to positive
cues (Fu et al., 2007; Lawrence et al., 2004). This limbic
emotion processing bias was demonstrated also for sub-
liminally presented faces in two independent studies (Sus-
low et al., 2010a; Victor et al., 2010), suggesting that early,
automatic stages of emotion processing are biased in
depression.

However, it has not been clear so far whether such lim-
bic biases represent a feature of acute depression or a risk
factor preceding depression onset. Only few studies are
available investigating subjects at risk for depression
regarding amygdala responsiveness to emotional stimuli.
On the one hand, automatic amygdala hyper-responsive-
ness was shown to resolve (at least partly) under antide-
pressant treatment (Sheline et al., 2001; Victor et al., 2010).
On the other hand, elevated amygdala responsiveness to
aversive stimuli was also demonstrated in remitted
patients without antidepressant medication (Victor et al.,
2010) and in healthy subjects at high risk for depression
(Joormann et al., 2011; Wolfensberger et al., 2008; Zhong
et al., 2011), indicating that such a ‘‘limbic bias’’ could rep-
resent a vulnerability marker and not a symptom of
depression. Pharmaco-fMRI studies in healthy subjects
suggest that the reduction of amygdala responsiveness is
rather an effect of medication than an effect of remission,
because it can occur only after a single dose (Murphy

et al., 2009). Furthermore, there are several studies demon-
strating that amygdala responsiveness to negative stimuli
is strongly influenced by genotype (Baune et al., 2010;
Brown et al., 2005; Canli et al., 2008; Dannlowski et al.,
2007c, 2008, 2010a, 2011; Domschke et al., 2010; Hariri
et al., 2002; Heinz et al., 2005; Munafò et al., 2008). Using
the very same paradigm as in this study, it was shown
that healthy risk allele carrier in a frequently studied sero-
tonin transporter polymorphism (5-HTTLPR) show stron-
ger automatic amygdala responsiveness to negative but
not positive facial expressions compared to the nonrisk
variant (Dannlowski et al., 2010b). Because childhood mal-
treatment is a strong risk factor for developing depression,
our present data further suggest that increased amygdala
responsiveness particularly to negative stimuli could be a
risk factor rather than a state marker of acute illness.

Other brain areas revealing similar associations between
maltreatment experiences and neuronal processing of sub-
liminal sad but not happy faces included the anterior
insula, rostral ACC, and medial prefrontal areas. Interest-
ingly, these areas have strong connections to the amygdala
and belong to a para-limbic anterior emotion processing
system (Phillips et al., 2003, 2008) involved in the initial
generation and experience of affective states.

Our findings indicating a strong effect of childhood mal-
treatment on amygdala excitability to negative facial
expression are in line with results from a recent fMRI
study examining medial temporal lobe functioning in
youths as a function of a history of emotional neglect and
caregiver deprivation (Maheu et al., 2010). In this study,
exaggerated activation of the amygdala in response to
threatening faces was observed in emotionally neglected
and caregiver-deprived youths relative to a comparison
group regardless of attentional instructions during the per-
ception of faces. A similar study reported amygdala
hyperresponsiveness to fearful faces in children with a his-
tory of early deprivation (Tottenham et al., 2011). A
heightened sensitivity to threatening facial expression
might serve to protect neglected and abused children
against additional aversive situations by rapidly identify-
ing negative cues and preparing defensive responses. It is
known from behavioral studies that youths who were
neglected or abused are faster than comparison youths in
recognizing threat-related faces (Masten et al., 2008). A
further recent study using not only negative but also
happy facial expressions compared adults reporting child-
hood maltreatment with nonmaltreated adults (van Har-
melen et al., 2012). The authors reported increased
amygdala responsiveness to all facial expressions in mal-
treated subjects without a maltreatment � emotional va-
lence interaction. However, the authors used overtly
presented faces, and furthermore, the effects size of mal-
treatment on amygdala responsiveness was stronger in the
angry, fearful, and sad condition compared to the happy
condition.

Interestingly, in addition to childhood traumatic experi-
ences, we further found a significant negative effect of the
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number of stressful life-events during the past year on
amygdala responsiveness to happy faces. This could reflect
a blunted emotional reactivity to pleasant stimuli in sub-
jects having experienced also more recent negative experi-
ences in their lives.

It should be noted that while the present findings were
discussed in the context of depression vulnerability, child-
hood maltreatment also increases the risk for several other
psychiatric disorders, including substance abuse, border-
line personality disorders or anxiety disorders. Further-
more, amygdala hyper-responsiveness to negative facial
expressions has also been demonstrated in anxiety disor-
ders or borderline patients. Therefore, the relevance of the
present findings might not be specific for the context of
depression vulnerability but could refer to a more general
mechanism for developing psychiatric disorders.

Some limitations must be acknowledged. The assess-
ment of traumatic experiences during childhood was per-
formed retrospectively by means of a self-report measure.
Therefore, we cannot completely rule out that subjects
with high amygdala responsiveness to negative faces were
able to recall negative events during their childhood more
sufficiently. Although we could regress out the effects of
more recent life stress as well as current depression- and
anxiety levels, only prospective studies could definitely
rule out this possibility. Our sample consisted of carefully
screened healthy subjects without any current psychopa-
thology, which limits our conclusions. Future studies
should include subjects with a wider range of affective
symptoms, e.g., patient samples or subjects explicitly
selected for a history of maltreatment. Furthermore, future
studies should carefully assess family history of all psychi-
atric disorders, and depression in particular, preferably
including the investigation of the affected relatives. In our
sample, more than 20% of all subjects scored above chance
level in the detection task and, therefore, could have
gained some ‘‘awareness’’ of the subliminally presented
prime faces. However, none of the subjects reported sub-
jectively having ‘‘seen’’ the prime faces in the fMRI experi-
ment after being informed about their presence.
Furthermore, all results reported here were also found in
the subsample of ‘‘nondetecting’’ subjects alone and add-
ing detection task performance as regressor of no interest
did not change the pattern of results.

In sum, we provide further evidence that childhood
maltreatment is associated with amygdala hyper-respon-
siveness specifically to negative stimuli on automatic
stages of emotion processing that persists into adulthood.
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