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Abstract

AIM: To investigate neural and behavioral correlates of
emotional experiences as potential vulnerability markers
in remitted depression.

METHODS: Fourteen remitted participants with a his-
tory of major depression and fourteen closely matched
healthy control participants took part in the study. We
used two psychiatric interviews (Hamilton Depression
Rating Scale, Montgomery-Asberg Depression Rating
Scale) and one self-report scale (Beck Depression Inven-
tory) to assess remission. Healthy control participants
were interviewed by an experienced psychiatrist to ex-
clude those who showed any current or lifetime psychi-
atric or neurological disorders. To explore psychosocial
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and cognitive-interpersonal underpinnings of potential
vulnerability markers of depression, early life stress,
coping styles and alexithymia were also assessed. We
induced pleasant and unpleasant emotional states using
congruent combinations of music and human emotional
faces to investigate neural and behavioral correlates of
emotional experiences; neutral stimuli were used as a
control condition. Brain responses were recorded us-
ing functional magnetic resonance imaging. Behavioral
responses of pleasantness, arousal, joy and fear were
measured via button-press inside the resonance imag-
ing scanner.

RESULTS: The mean age of the sample was 54.9 (+
11.3) years. There were no differences between remit-
ted depressed (RD) (7 = 14; 9 females and 5 males)
and healthy participants (7 = 14; 8 females and 6 males)
regarding age, current degree of depression, early
life stress, coping styles and alexithymia. On a neural
level, RD participants showed reduced activations in
the pregenual anterior cingulate cortex (pgACC) in re-
sponse to pleasant [parameter estimates: -0.78 vs 0.32;
t(26) = -3.41, P < 0.05] and unpleasant [parameter
estimates: -0.88 vs 0.56; £(26)= -4.02, P < 0.05] emo-
tional stimuli. Linear regression analysis revealed that
pgACC activity was modulated by early life stress [B =
-0.48; RZ = 0.23, A(1,27) = 7.83, P < 0.01] and task-
oriented coping style [8 = 0.63; R = 0.37, F(1,27)
= 16.91, P < 0.001]. Trait anxiety modulated hippo-
campal responses to unpleasant stimuli [ = 0.62; R
= 0.38, F(1,27) = 15.95, P < 0.001]. Interestingly, in
their reported experiences of pleasantness, arousal,
happiness and fear in response to pleasant, unpleasant
and neutral stimuli, RD participants did not differ sig-
nificantly from healthy control participants. Adding trait
anxiety or alexithymia as a covariate did not change
the results.

CONCLUSION: The present study indicates that, in
euthymic individuals, depression history alters neural
correlates, but not the subjective dimension of pleasant
and unpleasant emotional experiences.
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Core tip: A profound disturbance of emotional experi-
ences is one of the key symptoms of major depressive
disorder. Therefore, we investigated alterations in neu-
ral correlates of emotional experiences in individuals at
risk for major depression to identify potential vulner-
ability markers for depression. Pleasant and unpleasant
emotional states were induced via music and emotional
faces while recording brain responses via functional
magnetic resonance imaging. Our study shows that pre-
genual anterior cingulate cortex reactivity in response
to emotional stimuli can serve as a “neural marker” for
depression vulnerability - a finding that, if replicated,
could be important for innovations in early diagnosis or
therapy.
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INTRODUCTION

Major depressive disorder (MDD) is associated with a
profound disturbance of emotional experiences. Recent
studies revealed increased limbic activity in response to
emotional information processing and decreased prefron-
tal activity in response to cognitive tasks"™ in patients
during an acute major depressive episode. In particular,
the anterior cingulate cortex (ACC) has been discussed as
a key brain regionm showing alterations of connectivitym
and activitym in patients with MDD.

However, less is known about abnormalities of emo-
tion processing present in the euthymic state, which
might serve as a risk and vulnerability marker for the re-
currence of affective disorders. A few studies have drawn
attention to patients with remitted depression, reporting
alterations in distinct domains of the human emotion
system similar to those reported for acutely depressed
individuals. As recently suggested, the degree to which
behavioral alterations and their neuronal correlates per-
sist after remission might depend on a number of trait
markers that are related to the vulnerability to relapselﬁj.
Among these variables are early life stress!, trait anxietylSJ
and coping style””. Given the current state of knowledge,
remitted depression is associated with a selective deficit in
cognitive control over sad stimuli"”, higher self-reported
negative affect in response to stress' ', biased process-

ing of emotional faces'”, and reduced orbitofrontal re-
sponses to social interaction imagesm. These behavioral
and neurobiological markers are partly modulated by trait
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variables (eg., extraversionm]) and are supposed to influ-
ence an individual’s vulnerability to MDD.

However, it is surprising that alterations in neural and
behavioral correlates of emotional experiences have hardly
been investigated as a marker for depression vulnerability
so far, given the considerable impact of depression on ex-
periencing emotions. A recent study found the inability to
experience positive emotions, anhedonia, to be associated
with altered ACC white matter microstructure and posi-
tive family history of depression in healthy individuals.
Beside the reduced capacity for pleasure as a key symptom
of MDD, other facets of disturbed emotional experience
such as feelings of emotional emptiness (often described
as “feeling numb” or “not being able to feel anything at
all”) or strong experiences of fear are frequently reported.
We therefore consider neural and behavioral alterations
in experiencing both pleasant and unpleasant emotions,
besides their regulationm and processingm, which previ-
ous studies on remitted depression already addressed, as a
promising vulnerability marker.

Thus, the two main goals of the present study were to
better understand emotional experiences on the behavioral
and neural level in remitted depressed (RD) patients and
to investigate the impact of MDD relevant psychosocial
and cognitive-interpersonal variables on emotional experi-
ences. We used functional magnetic resonance imaging
(fMRI) and induced pleasant and unpleasant emotional
experiences by combining music with emotionally con-
gruent pictures of human faces. Music is related to strong
emotional experiences on the behavioral and neural lev-
el and the processing of its emotional content seems
to be affected by acute depression™. To explain potential
neural differences between RD and healthy participants,
we assessed early life stress, trait anxiety and coping style
and also controlled for alexithymia, a personality trait
potentially influencing the nature of an emotional experi-
ence!”. We hypothesized that participants with a history
of MDD showed alterations in behavioral and brain (es-
pecially ACC) responses to emotion-inducing stimuli of
both positive and negative valence. We expected to explain
these differences with early life stress, coping style and
trait anxiety, providing a deeper insight into vulnerability
factors for depression and their neural basis.

MATERIALS AND METHODS
Participants

Twenty-eight German native volunteers with an age range

between 27 and 69 years were investigated regarding de-
pression and neural processing of human emotional faces
and emotional music »iz fMRI. There were 14 RD partici-
pants and 14 healthy control participants matched for sex
and age.

Procedure

A total of fifty volunteers potentially suitable for the RD
group received an invitation letter that briefly described
the aims of the study and were offered an e-mail address
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to register for participation without commitment. All ad-
dressees were former in-patients at the psychiatric hospi-
tal of Charité Berlin and had been treated for depression
at least once within the past 5 years. After registration,
written informed consent was obtained from prospective
participants and they were invited for an interview by an
experienced psychiatrist. A total of 14 patients with a his-
tory of depression fulfilled the criteria of remission and
were qualified for MRI investigation. Control participants
were recruited using a newsletter announcing studies and
were interviewed by an experienced psychiatrist using the
M.IN.IL?. A total of 14 closely matched healthy individ-
uals were included in the study. The study protocol was
approved by the local ethics committee and carried out in
accordance with the declaration of Helsinki (as revised in
2004).

On the day of fMRI assessment, participants were
informed about the course of the experiment. The in-
vestigation started with five questionnaires (see Measures
section) including a reassessment of depression to avoid
testing participants that were no longer remitted. Then
participants rated the music stimuli with respect to fa-
miliarity on a four-point scale [from 1 = “Never heard
it before” to 4 = “I know this song, it is by (name of
composer or interpreter)”’]. Because familiarity decreases
the arousal potential of an emotional stimulus”"! and
memory is known to affect the emotional value of mu-
sic™ we controlled for familiarity and associated mem-
ory processes. None of our subjects was a professional
musician or knew any of the experimental music stimuli.
Participants then completed several test trials to get used
to the experimental design outside the MR scanner. The
stimuli used in the test trials were not included in the fi-
nal experiment to prevent familiarity effects. All subjects
were reimbursed for participation.

Measures

Assessment of depression: We used the 21-item Ham-
ilton Depression Rating Scale (HDRS™), the Montgom-
ery-Asberg Depression Rating Scale (MADRS™"), and the
Beck Depression Inventory (BDI™) to assess depression
severity. Cutoff points were a total score of 7 for HDRS,
10 for MADRS and 12 for BDI to exclude subjects with
a potentially clinically relevant depressive episode’™”.

Assessment of early life stress: Early childhood adver-
sities were assessed in retrospect using the Childhood
Trauma Questionnaire (CTQ™) with 28 items that are
assigned to the following five subscales: emotional ne-
glect, emotional abuse, physical neglect, physical abuse
and sexual abuse.

Assessment of trait anxiety: Trait anxiety was assessed
using the 40-item State and Trait Anxiety Inventory
(STAI®). The inventory consists of two separate ques-
tionnaires, one assessing the participants’ current degree
of anxiety (“state”) and the other measuring habitual anxi-
ety (“trait”).

K
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Assessment of coping style: We used the Coping Inven-
tory for Stressful Situations (CISS™), a 48-item self-
report measure assessing the following three ways of
coping: task-oriented, emotion-oriented and avoidance-
oriented coping. The items evaluate the use of different
coping behaviors in response to stressful experiences,
which participants rate with respect to their own habits.

Assessment of alexithymia: Alexithymia was assessed
using the elaborated 40-item Bermond-Vorst Alexithymia
Questionnaire (BVAQ"™). The scale is known to provide
a comprehensive operationalization of alexithymia®".
The BVAQ was favored over the more popular Toronto
Alexithymia Scale (TAS—ZOM), which might primarily

measure general psychological distress’”

fMRI

Stimulus material: We used music and human emotional
faces to induce pleasant and unpleasant emotional ex-
petiences in our participants; neutral stimuli were used
as a control condition. The combination of auditory and
visual emotional stimuli has been previously described as
particularly effective in evoking emotional experiences in
humans™, For visual stimulation we used pictures of facial
affect from the recently developed database “FACES”™,
including naturalistic emotional faces of young, middle-
aged and older women and men that correspond well
to the age distribution of our sample. Previous studies
report an own-age bias in face recognitionm, and face
recognition, in turn, was shown to be essential for emo-
tional contagion through others’ facial expressions””. The
chosen faces expressed joy (pleasant condition), fear (un-
pleasant condition) or showed a neutral expression (control
condition). For auditory stimulation we used music from
different epochs and musical genres to induce pleasant
(e.g., classical music, jazz, Irish dances) and unpleasant
(music taken from horror movies) emotional experiences.
Sequences of random tones were used as neutral control
stimuli, carefully matched with each pleasant/unpleasant
piece of music with regard to mean pitch, pitch variation,
spectral complexity, instrumentation, and tempo (beats
per minute), because previous studies report an influence
of these parameters on emotional responsesmj. The analy-
sis of these parameters was completed using “Essentia”,
an in-house library for extracting audio and music features
from audio files (http://mtg.upf.edu/technologies/es-
sentia). We tested a large set of stimuli in a behavioral pre-
study with 30 healthy volunteers who did not participate
in the final fMRI study. The purpose was to exclude stim-
uli eliciting ambiguous emotional reactions and to select
a homogeneous set of equally arousing stimuli with the
best possible distance on the valence dimension. Behav-
ioral data reported in the RESULTS section show that the
stimuli induced the intended emotional states in out study
population.

MRI design: We used a block design with the three con-

ditions “pleasant”, “unpleasant” and “neutral”. One trial
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Table 1 Group differences regarding age, depression, early life stress, and personality variables (7 = 28)

Measure Remitted depressed (7 = 14) Healthy controls (7 = 14) t v Pvalue
mean SD mean sSD

Age (yr) 55.1 113 54.9 11.8 0.07 26 0.948
BDI 8.2 4.5 5.0 5.2 21 26 0.046
HDRS 3.8 1.5 - - - - -
MADRS 5.2 2.9 - - - - -
No. of episodes’ 39 1.9 - - - - -
CTQ 53.4 254 36.1 10.2 2.3 26 0.026
total score

STAI state 41.6 11.9 325 8.9 2.3 26 0.031
STAI trait 29.9 9.1 18.9 5.4 3.9 26 <0.001
CISS task 275 6.5 31.3 4.9 -1.7 26 0.093
CISS emotion 223 4.2 22.0 5.3 0.51 26 0.612
CISS avoidance 222 5.8 249 8.7 -0.95 26 0.353
BVAQ total score 112.6 17.3 100.4 18.8 1.7 26 0.093

'Only available from 10 patients. BDI: Beck Depression Inventory; HDRS: Hamilton Depression Rating Scale (remitted depressed group only); MADRS:
Montgomery-Asberg Depression Rating Scale (remitted depressed group only); CTQ: Childhood Trauma Questionnaire; STAI: State Trait Anxiety

Inventory; CISS: Coping Inventory for Stressful Situation (task, emotion and avoidance oriented coping style); BVAQ: Bermond-Vorst Alexithymia

Questionnaire; Bonferroni adjusted o levels of 0.006 per test (0.05/9).

consisted of 30 s of stimulus presentation and 4 X 3 s of
rating, with a 2- and a 4-s pause before and after the rating;
During these pauses, participants looked at a white fixa-
tion cross on a grey screen. Following stimulus presenta-
tion in each trial, participants rated their current emotional
expetience (7e., emotional state evoked by the stimulus)
with respect to pleasantness, arousal, happiness and fear
on six-point scales ranging from “very strong” (= 0) to
“not at all” (= 1). Therefore, a response box that partici-
pants operated with their right hand was implemented in-
side the scanner. The total duration per trial was 48 s and
the experiment comprised three functional runs with 18
trials each. Total scanning time was 43.2 min.

Scanning procedure: Subjects were scanned ina 3 T
Siemens Magnetom TimTrio system. Structural image
acquisition consisted of 176 Ti-weighted images with a
slice thickness of 1 mm. Blood oxygenation level depen-
dent contrast was obtained with an echo-planar imaging
sequence (TR = 2000 ms, TE = 30 ms, flip angle = 90°,
field of view = 192 mm). Thirty-seven axial slices were
acquired covering the whole brain (3 mm slice thickness).
The orientation of slices was parallel to the AC-PC line.
The experiment was programmed using Presentation
(NeuroBehavioral Systems, Albany, CA, United States).
The audio-visual stimuli were presented using goggles
and noise shielded earphones by Visual Stim Digital for
fMRI (Resonance Technology Inc., Northridge, CA,
United States).

Statistical analysis

MRI data analysis: MRI data were analyzed using the
statistical parametric mapping software package (SPM 8,
Wellcome Department of Cognitive Neurology, London,
United Kingdom) implemented in Matlab (version 2011a;
The MathWorks Inc., Natick, Massachusetts, United States).
Preprocessing of functional scans included realignment,
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motion correction, normalization (3 mm3) into MNI
space and smoothing using an 8 mm full-width-at-half-
maximum Gaussian kernel. The experimental conditions
were modeled with a box-car function convolved with a
hemodynamic response function in the General Linear
Model of SPM. T-contrast images wete calculated at the
individual level regarding valence (¢g., pleasant > neutral).
Two-sample #tests were calculated to test for group dif-
ferences between RD and healthy participants. Linear re-
gression analysis was used to further explain brain activity
with behavioral variables. A P value < 0.05 was considered
as statistically significant, false discovery rate (FDR) con-
trol was applied to correct for multiple compatisons.

Behavioral data analysis: Behavioral data were analyzed
using SPSS 19.0 (SPSS Inc., Chicago, Illinois, United States).
In all analyses, a P value < 0.05 was considered as statisti-
cally significant. When indicated, Bonferroni corrections
were used to counteract the problem of multiple com-
patisons. All behavioral variables were normally distribut-
ed in the sample (according to Kolomogorov-Smirnoff-
Tests, all P > 0.05). Two-sample #tests were calculated to
test for group differences.

RESULTS

Descriptive statistics

The sample consisted of 28 healthy volunteers with
a mean age of 54.9 years (* 11.3; range: 27-69). There
were no differences between RD (#z = 14; 9 females and
5 males) and healthy participants (z = 14; 8 females and
6 males) regarding age, current degree of depression
(BDI), early life stress (CTQ), coping styles (CISS) and
alexithymia (BVAQ). RD participants showed higher trait
anxiety than controls [#(26) = 3.93, P < 0.001; Table 1 for
means and standard deviations]. There were no sex differ-
ences regarding all tested variables in either group.
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Table 2 Brain regions activated in response to pleasant > neutral stimuli (7 = 28)

Brain regions MNI coordinates Z-score Voxels
X y z
Superior temporal gyrus/rolandic operculum (BA41) -44 -24 10 7.29 4250
54 -12 2 7.58 3935
Occipital lobe/cuneus (BA18) 8 -88 18 5.86 1808
Insula/heschl’s gyrus (BA22) 48 -18 8 3.78 446
Angular gyrus (BA39) -50 -68 34 3.32 49
Hippocampal formation 29 -14 -14 2.83 32
Fusiform gyrus (BA37) 40 -44 20 2.92 15
Remitted depressed < Healthy controls
Anterior cingulate cortex -6 44 10 2.78 62
Middle temporal gyrus (BA21) 62 -18 -6 3.67 21
Remitted depressed > Healthy controls
Inferior frontal gyrus -44 20 16 4.74 88

Height and extend threshold: P < 0.05, false discovery rate corrected on peak-level, and k = 10 voxels.

Table 3 Brain regions activated in response to unpleasant > neutral stimuli (» = 28)

Brain regions MNI coordinates Z-score Voxels
X y z
Superior temporal gyrus/Heschl's gyrus (BA22) 50 -14 4 7.66 3232
-50 -18 6 7.65 3060
Hippocampal formation -24 -16 -16 4.35 110
Angular gyrus (BA39) -52 -68 30 3.72 93
Remitted depressed < healthy controls
Anterior cingulate cortex -3 43 11 3.43 264
Superior temporal gyrus (BA21) 62 -18 -4 3.34 29
Remitted depressed > healthy controls
Medial globus pallidus 18 -6 2 2.95 30

Height and extend threshold: P < 0.05, false discovery rate corrected on peak-level, and k =10 voxels.

Within the patient group, the correlation between the two
rating measures of depression was satisfactory (MADRS -
HDRS: »=0.85, P < 0.001). Current degree of depression
as measured by self-report on the day of MRI assessment
was associated with depression ratings obtained by clini-
cal interview (BDI - HDRS: »= 0.71, P < 0.01, and BDI -
MADRS: r= 0.77, P < 0.01; significant after Bonferroni
adjusted o levels of 0.017 per test). Ten patients were
medicated at the time of study participation. All of them
were treated with selective serotonin reuptake inhibitors
(SSRIs), and 50% received atypical neuroleptics as add-on
therapy. Three patients wete additionally augmented with
lithium as mood stabilizer.

Subjective ratings of emotional experience

Participants rated their emotional experience with regard
to pleasantness, arousal, joy and fear on a six-point Likert
scale. In the total sample (#z = 28), pleasant stimuli were
expetienced to be more pleasant (M = 4.7 £ 0.64) and
happier (M = 4.6 * 0.73) than unpleasant (M = 2.3 = 1.0;
M= 2.1 =% 0.83) or neutral stimuli (M = 2.8 £ 0.87;, M = 2.4
* 0.79) (P < 0.001 in each test). In response to unpleasant
stimuli, participants reported to feel more anxious (M =
3.1 * 1.3) than in response to pleasant (M = 1.7 + 0.80)
or neutral stimuli (M = 2.6 = 1.0) (P < 0.001 in each test).
There were no differences between pleasant and unpleas-
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ant stimuli regarding reported experience of arousal,
either in RD or in healthy participants. Furthermore, RD
participants did not report different experiences of pleas-
antness, arousal, happiness or fear compared to healthy
control participants regarding pleasant, unpleasant and
neutral stimuli. Adding trait anxiety or alexithymia as a co-
variate did not change the results.

fMRI results

To validate the emotion-inducing character of our stim-
uli, we calculated a one-sample #test (of all 28 statistical
parametric maps of “pleasant > neutral”) showing stron-
ger responses in the superior temporal gyrus, Rolandic
Operculum, occipital lobe, right Insula, Heschl’s gyrus,
right hippocampus and fusiform gyrus (see Table 2 for
MNI coordinates and Z scores). Stronger responses to
unpleasant than neutral stimuli were found in the supe-
rior temporal gyrus, Heschl’s gyrus, hippocampal forma-
tion and angular gyrus (Table 3).

RD participants showed reduced activations in the pre-
genual ACC (pgACC) (Figure 1) and in middle temporal
gyrus as compared to control participants [pleasant > neu-
tral, parameter estimates: -0.78 z5 0.32; £26) = -3.41, P <
0.05, FDR corrected]. Brain activations were higher for
RD participants in the inferior frontal gyrus (pleasant >
neutral, P < 0.05, FDR corrected; Table 2). Linear regres-
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Remitted depressed patients < healthy controls in response to pleasant > neutral stimuli

Figure 1 Reduced pg anterior cingulate cortex activation in response to pleasant > neutral stimuli in remitted depressed patients as compared to healthy con-
trols. Left side corresponds to left hemisphere, MNI coordinates [-6 44 10], height and extend threshold: P < 0.05, false discovery rate corrected on peak-level, k = 62.

Hippocampal activation in response to unpleasant > neutral stimuli modulated by Trait Anxiety

4.00
o 3.00 -
&
,‘?'I-, 2.00 i
H oo ° j
g 100 v - .
g . .
3 0.00 co t
-1.00 [ | | | | |
10 20 30 40 50

Trait Anxiety (STAI)

Figure 2 Hippocampal activation in response to unpleasant > neutral stimuli explained by trait anxiety in remitted depression [linear regression analysis;
8 =0.62; R* = 0.38, F(1,27) = 15.95, P < 0.001]. Left side corresponds to left hemisphere, MNI coordinates [-32 -31 -3], k = 46. The result remains significant (P < 0.05)
after excluding the two participants with the strongest hippocampal responses from the analysis. STAI: State and Trait Anxiety Inventory.

sion analysis revealed that 37% of variance in pgACC relates of emotional experiences induced by audio-visual
activity in response to pleasant > neutral stimuli was ex- stimuli in RD patients as compared to healthy participants.
plained by task oriented coping style | = 0.63; R’=0.37, We hypothesized finding differences between euthymic
F(1,27)=16.91, P < 0.001]. participants with and without a history of MDD regard-
In response to unpleasant stimuli, RD participants ing behavioral and brain responses to emotion inducing
showed reduced activations in the pgACC and supetior stimuli. We also expected to explain these differences with
temporal gyrus, but increased activations in the globus variables relevant to the development of MDD. Our main
pallidus as compared to control participants [unpleasant > finding is that RD participants showed reduced activations
neutral, parameter estimates: -0.88 25 0.56; #20)= -4.02, P < in the pgACC in response to both pleasant and unpleasant
0.05, FDR corrected; Table 3]. Linear regression analysis re- emotional stimuli, and that early life stress, coping style
vealed that 23% of variance in pgACC activity in response and trait anxiety moderated these effects.
to unpleasant > neutral stimuli was explained by early life The ACC comprises a variety of cognitive and emo-
stress |[§ = -0.48; R’=0.23, F(1,27) = 7.83, P < 0.01]. Fur- tional functions, such as attention and conflict monitor-
thermore, 38% of variance in hippocampal activation in ingm‘ and emotion regulationm]. It is also an important
response to unpleasant > neutral stimuli was explained structure to integrate cognitive and affective information
by trait anxiety [ = 0.62; R’= 0.38, F(1,27) = 15.95, P < and to regulate and synchronize autonomic responses'”.
0.001; Figure 2]. In particular, the pre- and subgenual ACC have been elabo-

rately discussed in the depression literature and are target
areas for chronic deep brain stimulation in treatment-
DISCUSSION resistant depression[4l’42]. In acute MDD, the pgACC usually

The present study is the first to investigate neural cor- shows a decrease of activation during emotion process-
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ingm. Interestingly, in the present study, the pgACC was
underactive in RD patients independent from stimulus
valence. As Maybergm suggested, pgACC hypoactivation
might be a compensatory or adaptive process to main-
tain remission from MDD. In addition, previous studies
showed that ACC activity was positively related to high
emotional awareness'”. Reduced ACC activation in re-
sponse to pleasant and unpleasant stimuli might indicate
lower emotional awareness and less integration of emo-
tionally relevant information in individuals with a history
of depression. Furthermore, reduced ACC activation is
one of the most consistently reported results in study
populations with high alexithymia, a personality trait as-
sociated with difficulties identifying and describing one’s
own emotions as well as low emotional awareness'”*".
Previous studies found a close link between alexithymia
and MDD on the phenomenological level™ however, the
shared variance of depression and alexithymia is mainly
due to one alexithymic facet (“difficulty in identifying feel-
ings”[%l) and its role in the etiology of MDD is controver-
sial™”. Consistent with this, we did not find any differences
between RD and control participants regarding alexi-
thymia. Moreover, alexithymia did not explain any variance
in our analyses performed with behavioral and fMRI data.
Thus, it might be a vatiable relevant within depressive epi-
sodes rather than a vulnerability marker.

Examining potential variables to explain pgACC acti-
vation differences between RD and healthy patticipants,
we found that 23% of variance in response to unpleas-
ant stimuli can be explained by eatly life stress. Early life
stress is a well-established risk factor for MDD, particu-
latly in combination with moderating genetic predisposi-
tions”. Furthermore, it is associated with reduced ACC
volume in healthy individuals, indicating that the experi-
ence of eatly life stress can affect brain development in
the absence of psychological disorders™. The majority
of studies examining the relationship between eatly life
stress and depression on a neural level, however, have
focused on the hippocampus, a brain region particulatly
vulnerable to early stress conditions™” which also shows
abnormal activity in acute MDD'". As a part of the limbic
system, the hippocampus is involved in affective process-

I and memory™”. Looking at this brain structure in

ing["
our sample, we found higher activity in the RD group as
compared to controls in response to unpleasant stimuli.
However, this result did not survive a correction for mul-
tiple comparisons. Interestingly, linear regression analysis
revealed that 38% of variance in hippocampal activity in
response to unpleasant stimuli can be explained by trait
anxiety - a variable that has previously been implicated
as a vulnerability factor associated with the development
of MDD in response to stress” . One could hypothesize
that the influence of trait anxiety on hippocampal activ-
ity shown in our data might be modulated by rumination.
Rumination is a cognitive style reported to be associated
with high hippocampal acrivityl52J and anxiety[‘%]. More-
ovet, it is a key symptom of MDD and an important
mediator of the risk of relapse[54]. Although in our data
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there was no association between eatly life stress and trait
anxiety, our analyses show a potential involvement of
both variables in the effect of depression vulnerability on
emotional experiences on the neural level. However, there
might still be additional modulating factors such as rumi-
nation that need to be considered in future investigations.

In response to pleasant stimuli, 37% of pgACC vari-
ance was explained by an individual’s tendency towards
task-oriented coping. This coping style is considered a
proactive approach to external signals and is associated
with higher coping effectiveness, less depression and high
resilience™. Previous studies have shown that MDD is as-
sociated with low task-oriented and high emotion-oriented
coping tendencies”™ and that emotion- and avoidance-ori-
ented strategies are associated with relapse of depressive
episodes[57]. Interestingly, we did not find any group dif-
ferences regarding any of the three coping styles assessed.
However, all RD participants reported a history of psy-
chotherapeutic treatment (3.0 years on average) and 46%
received psychotherapy at the time of MRI assessment,
indicating that the variable “coping style” might have been
subject to change. In addition to coping styles, reduced
pgACC activity might also be related to anhedonia, a trait
associated with ACC alterations regarding white matter
microstructure (in individuals at risk for MDD and
resting activity””. However, anhedonia scores (calculated
using a 3-factor solution of the BDI™) did not explain
any variance in our analyses performed with behavioral
and fMRI data.

Although neural correlates of emotional experiences
differed considerably between RD and healthy partici-
pants, we did not find any group differences regarding
reported experiences of pleasantness, arousal, happiness
or fear. Even a separate analysis of neutral control stimuli
did not reveal differences in emotion ratings between the
two groups. This again shows that our patient group was
actually in remission, otherwise the ratings would prob-
ably have shown a negative processing bias as previously
described for patients with MDD,

Conclusions regarding the role of the pgACC in
MDD and remission must be tempered by several limita-
tions of the present study. Although investigating remit-
ted patients with a history of MDD is an established way
to examine vulnerability factors for depression, some fac-
tors revealed by such an experiment might still have de-
veloped as a consequence of MDD instead of anteced-
ing the first episode. Thus, they might be a residual rather
than a risk factor. The strength of the present study,
however, is the careful selection of patients, closely fol-
lowing the recommendations by the ACNP task force™.
The modest sample size is also a result of these strict
inclusion criteria, which, in our opinion, were necessary
to study the unbiased influence of depression history on
neural correlates of emotional experiences. Ten of the
14 RD patients were stably medicated with SSRIs for at
least 1 year. Previous studies report that SSRIs increase
limbic sensitivity to positive stimuli and decrease limbic
responses to negative stimuli™. To explore potential ef-
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fects of antidepressant treatment on brain activity, we
compared medicated to unmedicated patients regarding
the contrasts reported above. We did not find any signifi-
cant voxels in these group comparisons (even at an un-
corrected significance level of P < 0.005). However, due
to the small sample size and the resulting restrictions for
data interpretation, we cannot preclude that antidepres-
sant medication might have modulated brain responses to
emotional stimuli in our patients.

The present study indicates that, in euthymic indi-
viduals, depression history modulates neural correlates,
but not the subjective dimension of an emotional experi-
ence. Our results provide evidence that the ACC plays a
key role not only during depressive episodes but also in
remission. In addition, we demonstrated that its activity is
modulated by depression relevant trait variables, such as
eatly life stress, anxiety and task-otiented coping,
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Background

Major depression is a psychiatric disorder characterized by discrete, recurrent
episodes of low mood with a number of affective symptoms such as anhedonia,
feelings of helplessness and worthlessness, suicidal ideation, as well as low
motivation and anergia. A large number of studies have investigated its neural
and behavioral correlates. However, less is known about brain abnormalities
putting individuals at risk for depression. Therefore, the authors wanted to
know whether an individual's way of experiencing emotions as well as emotion-
related activity in the brain could serve as a biomarker for an increased risk for
depression.

Research frontiers

As estimated by the World Health Organization, major depression will become
one of the main causes of premature death and disability by the year 2020.
Therefore, identifying its risk factors has become a highly relevant topic in
psychiatry research. As summarized in so-called “vulnerability-stress models”,
a variety of biological, interpersonal and environmental factors contribute to the
development of major depression. Consequently, investigating neural correlates
of these risk factors is necessary to provide critical insight into the development,
the course and the nature of the disorder.

Innovations and breakthroughs

Previous studies have identified a number of factors increasing an individuals’
risk for depression. Genetic predispositions play an important role, especially
when adverse environmental factors such as early life stress occur. Moreover,
interpersonal factors, such as neuroticism, high trait anxiety and specific
thought patterns have also been identified as risk factors. There is evidence
that all these variables interdependently influence an individual’'s vulnerability
to depression. On a neural level, recent studies have shown that a high risk for
depression is associated with a selective deficit in cognitive control over stimuli
inducing sadness. In addition, individuals at risk show brain abnormalities in the
processing of emotional faces and images with scenes of social interaction. In
this study, the authors carefully investigate the emotional-experiential domain to
extend these findings. Examining neural and behavioral correlates of emotional
experiences to further clarify the role of limbic and frontal brain regions in the
development of major depression seemed promising, given the considerable
impact of depression on experiencing emotions.
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Applications

This study shows that pregenual anterior cingulate cortex (pgACC) reactivity
in response to emotional stimuli can serve as a vulnerability factor or “neural
marker” for depression, although individuals at risk did not report any altera-
tions with regard to their emotional experiences. Future studies are necessary
to clarify whether the authors found a real biomarker here or if these alterations
in brain function occurred as a consequence of recurrent episodes of major
depression. If future studies confirm that reduced pgACC reactivity is a neural
marker for an increased risk or vulnerability for depression, this knowledge
could be integrated in programs for early diagnosis or in the assessment of
psychotherapeutic or psychiatric treatment responses.

Terminology

When an individual is considered “remitted”, he or she had one or several
major depressive episodes in the past, but has now recovered completely.
However, the possibility of return of the disorder remains, implying that remitted
depressed individuals show an increased risk for future depressive episodes
when compared to healthy, never depressed individuals.

Peer review

This is a well planned study with sound methodology.
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