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1 | INTRODUCTION

Social contact and participation in a community are essential for
human well-being. Daily conversations allow us to build relationships

and exchange our thoughts and ideas. Actual and perceived loneliness

Miriam Steines® | Tilo Kircher®* |

Abstract

The feeling of being addressed is the first step in a complex processing stream
enabling successful social communication. Social impairments are a relevant charac-
teristic of patients with major depressive disorder (MDD). Here, we investigated a
mechanism which—if impaired—might contribute to withdrawal or isolation in MDD,
namely, the neural processing of social cues such as body orientation and gesture.
During funtional magnetic resonance imaging (fMRI) data acquisition, 33 patients
with MDD and 43 healthy control subjects watched video clips of a speaking actor:
one version with a gesture accompanying the speech and one without gesture.
Videos were filmed simultaneously from two different viewpoints: one with the actor
facing the viewer head-on (frontal) and one side-view (lateral). After every clip, the
participants were instructed to evaluate whether they felt addressed or not. Despite
overall comparable addressment ratings and a large overlap in activation patterns in
MDD and healthy subjects for gesture processing, the anterior cingulate cortex, bilat-
eral superior/middle frontal cortex, and right angular gyrus were more strongly acti-
vated in patients than in healthy subjects for the frontal conditions. Our analyses
revealed that patients showed specifically higher activation than healthy subjects for
the frontal condition without gesture in regions including the posterior cingulate cor-
tex, left prefrontal cortex, and the left hippocampus. We conclude that MDD patients
can recognize and interpret social cues such as gesture or body orientation; however,
they seem to require more neural resources. This additional effort might affect suc-

cessful communication and contribute to social isolation in MDD.
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is a major risk factor for poor health and early mortality (Holt-Lunstad,
Smith, Baker, Harris, & Stephenson, 2015). Social isolation and dys-
functional interpersonal relationships, however, are common problems
among patients suffering from major depressive disorder (MDD)
(Coyne, 1976; Hautzinger, Linden, & Hoffman, 1982; Youngren &
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Lewinsohn, 1980). Both excessive interpersonal feedback seeking and
negative feedback seeking are relatively specific dysfunctional com-
munication patterns in depression (Hames, Hagan, & Joiner, 2013).
Besides the severity of the index episode, lack of social support is an
important predictor of later depressive episodes (Saris, Aghajani, van
der Werff, van der Wee, & Penninx, 2017; Spijker et al., 2004) and
can also hinder recovery (Carpenter, 2017). Even after complete
remission of depressive symptoms, residual impairments of social
functioning can remain (Saris et al., 2017). Whether MDD causes or is
caused by social isolation (or both) remains unclear so far. A dysfunc-
tional processing of social cues such as gesture or body orientation
might contribute to these social impairments.

Social communication relies on various cognitive processes such as
affective learning of presented content, recognition of and response to
socioaffective stimuli, embodied simulation of the perceived social cues,
higher-level representation of mental states and the ability to regulate
one's judgment in a context sensitive manner (Ochsner, 2008). The feeling
of involvement of the subject/patient himself/herself changes the emo-
tional engagement and responsiveness to others; hence, it constitutes an
important first step of social communication (Schilbach et al., 2013). On a
neural level, regions related to theory of mind and intention
understanding—such as the medial prefrontal cortex and premotor
cortex—activate more strongly when the subject is being addressed
directly, compared to when talking about others (Ciaramidaro, Becchio,
Colle, Bara, & Walter, 2014). Parts of the default mode network and ante-
rior cingulate cortex (ACC) seem to be generally involved in social cogni-
tion (Mars et al, 2012). This network includes areas such as the
dorsomedial prefrontal cortex, temporal parietal junction, precuneus, pos-
terior cingulate cortex (PCC), and amygdala (Saxe, 2006; Saxe &
Powell, 2006), middle and ventral prefrontal cortex, middle temporal
gyrus (Wheatley, Milleville, & Martin, 2007), and temporal pole (Koster-
Hale et al., 2017), which are also known as being involved in representing
thoughts and feelings of other persons. Moreover, social functioning in
natural contexts is based on the processing and integration of multiple
(verbal and nonverbal) communication channels, including body orienta-
tion, gesture, and speech (Bucci, Startup, Wynn, Baker, & Lewin, 2008;
Potthoff & Seitz, 2015; Straube, Green, Jansen, Chatterjee, &
Kircher, 2010). The direction of gaze, for example, can influence speech
processing and help understand a speaker's message (Holler et al., 2014;
Holler et al, 2015). Similarly, body orientation influences the neural
processing of speech and gesture (Straube et al., 2010) and the feeling of
addressment (Nagels, Kircher, Steines, & Straube, 2015).

There is some first evidence of dysfunctional social communication
in MDD patients: a negative misinterpretation of neutral faces in MDD
patients (Rubinow & Post, 1992; Surguladze et al., 2004) as well as neg-
ative expectations and cognition concerning social rejection have been
observed (Ehnvall et al., 2014; Kube et al., 2018). Depressive patients
engage less in eye contact, use fewer gestures (Hames et al., 2013;
Kazdin, Sherick, Esveldt-Dawson, & Rancurello, 1985), and show less
modulation in their voice (Youngren & Lewinsohn, 1980). Moreover,
MDD patients show a lower activation in the neural reward system
(e.g., nucleus accumbens) during social interaction (Germine, Garrido,
Bruce, & Hooker, 2011; Hsu et al, 2015) and have difficulties

attributing mental states to others (Bora & Berk, 2016). These deficits
are correlated with symptom severity in depressive patients (Bora &
Berk, 2016) and with a risk of depressive symptoms in healthy subjects
(HS) (Bora & Berk, 2016; Inoue, Yamada, & Kanba, 2006). Furthermore,
it has been suggested that MDD patients have a reduced motivation
for social interaction in general (Kupferberg, Bicks, & Hasler, 2016). The
direct behavioral reactions of MDD patients to social cues such as ges-
ture or body orientation have not been examined so far.

In the past, we have identified regions involved in the processing
of social cues such as gesture and body orientation, that is, the ACC,
left fusiform gyrus, supplementary motor area (SMA), left inferior
frontal gyrus (IFG), and right insula (Nagels, Kircher, Steines, &
Straube, 2015). Most of these regions have been associated with attrib-
uting mental states to others (Spunt, Satpute, & Lieberman, 2011),
which also seem to be impaired in MDD patients (Bora & Berk, 2016;
Inoue et al., 2006; Wang, Wang, Chen, Zhu, & Wang, 2008). In a previ-
ous study with healthy students, an actor facing the participant head-
on (frontal view) while talking as well as using gestures was rated as
more addressing than the same actor facing to the side (lateral view) or
talking without gestures (Nagels, Kircher, Steines, & Straube, 2015).
Furthermore, stronger activations of the ACC as well as left cerebel-
lum/fusiform gyrus were revealed for the participant facing condition
(frontal > lateral) in a gesture compared to a no-gesture context. By
contrast, increased activations of the SMA, left IFG, and right insula
were found for the effect of gesture versus no-gesture when the
speaker was seen from a lateral instead of a frontal perspective. Results
indicate that gesture use and body orientation contribute to the feeling
of being addressed; they together influence neural processing in brain
regions involved in motor simulation, empathy, and mentalizing. While
data about these processes in MDD are missing, a decrease of activa-
tion in the left ACC, left IFG, and left insula during resting state in
MDD patients has been described (Fitzgerald, Laird, Maller, &
Daskalakis, 2008). A more recent functional network analysis also rev-
ealed alterations in networks including the left precentral gyrus, left
angular gyrus, left IFG, and bilateral Rolandic operculum (Lai, Wu, &
Hou, 2017). These studies are a first hint that brain regions relevant for
the processing of social cues such as body orientation and gesture
could be affected by depression.

The aim of the present study was to investigate a potential neural
mechanism underlying the interpretation of social cues such as body
orientation and gesture in patients with MDD. As was done in a previ-
ous study on HS (Nagels, Kircher, Steines, & Straube, 2015), we used
video clips of an actor speaking simple sentences, once with an iconic
gesture (IC) accompanying the speech and once without gesture
(no gesture [NG])), filmed simultaneously from a frontal and lateral view-
point. After every clip, the participants had to evaluate whether they
felt addressed or not. We expected patients with MDD to be less sensi-
tive to social cues, leading to generally reduced addressment ratings—
compared to healthy subjects—for both frontal and both gesture condi-
tions, with the biggest reduction in the combined condition (IC frontal).

For the neural processing of gesture (gesture > no gesture) we
expected both groups to activate occipital, posterior temporal brain

areas as well as prefrontal brain regions, as found in previous
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experiments of ours (Nagels, Kircher, Steines, & Straube, 2015;
Straube et al., 2010; Straube, Green, Sass, Kirner-Veselinovic, &
Kircher, 2013). In contrast, we hypothesized that for the main effect
of body orientation (frontal > lateral) HS would activate the right
occipital/fusiform gyrus and left prefrontal regions (Nagels, Kircher,
Steines, & Straube, 2015; Schilbach et al., 2006; Straube et al., 2010)
while activation patterns of patients with MDD would deviate from
those of the HS. Either increased activation to compensate for
processing dysfunctions or decreased activation as a direct result of
aberrant processing were expected. Moreover, we hypothesized dif-
ferent activations in the ACC, PCC, angular gyrus, left IFG, and insula
among the groups as an interaction effect of gesture and body orien-
tation (Straube et al., 2010; Straube, Green, Chatterjee, &
Kircher, 2011).

2 | METHODS
21 | Participants

Thirty-eight patients with the main diagnosis of MDD according to
the Diagnostic and Statistical Manual of Mental Disorders, fith edition

criteria (Falkai & Dopfner, 2015) and 48 healthy subjects (HS) were
recruited. Inclusion criteria for both patients and healthy subjects
were native fluency in German and no impairment of seeing and hear-
ing. We did not exclude patients with substance dependence because
of the high comorbidity in MDD patients (Davis, Uezato, Newell, &
Frazier, 2008) to maintain the representativity of a clinical sample.
Explanatory analyses showed no significant difference between
patients with and without a comorbid substance dependency. There
were five retrospective exclusions in the MDD group and five in the
control group: exclusion of data sets from four patients and the HS
due to poor image quality (see below) and one patient developed a
manic episode after participation.

Clinical and demographic data can be found in Table 1.

All participants gave written informed consent prior to the begin-
ning of the study and received 50 Euro for their participation. The

study was approved by the local ethics committee.

22 | Stimuli

For a complete description of the stimulus set as well as the evalua-

tion and selection procedure, see Nagels, Kircher, Steines, and

TABLE 1 Demographic and clinical characteristics of patients with major depressive disorder (MDD) and healthy subjects (HS)

Age (years)
Male/female

University entrance diploma/no university entrance
diploma

Neurocognition
Verbal fluency test—animals (correct answers)
Verbal fluency test—p (correct answers)

Verbal fluency test—alternating words (correct
answers)

Digit span (total)

Trail making test (TMT-B-TMT-A)

d2—total number of correct responses
Psychopathology

HAMD?

Empathy (E scale)

BAG total

BAG | (perception)

BAG Il (production)

BAG llI (social production)

BAG |V (social perception)

MDD HS

(n=33) (n = 43)

Mean (SD) Mean (SD) p
37.24 (12.33) 36.47 (11.21) 775
18/15 31/12 113
16/17 25/18 403
21.85(6.25) 24.32 (6.16) .098
12.18 (4.04) 12.22 (4.10) 972
13.27 (4.23) 16.08 (2.76) .001
13.97 (4.21) 14.93 (3.60) 291
45.18 (43.48) 55.34 (50.52) .709
414.21 (95.68) 464.31 (85.99) .032
13.17 (6.13) - -
77.64 (12.91) 76.10 (13.88) 787
3.07 (0.46) 3.31(0.58) .057
3.49 (0.72) 3.66 (0.70) .289
2.77 (0.77) 2.96(0.94) .340
3.65 (0.90) 4.21(0.62) .002
2.26 (0.87) 2.40(0.93) .505

Note: d2: d2 test of sustained attention (Schmidt-Atzert & Brickenkamp, 2017); BAG: brief self-rating scale for the assessment of individual differences in
gesture perception and production (Nagels, Kircher, Steines, Grosvald, & Straube, 2015); HAMD: Hamilton Depression Scale (Hamilton, 1960); Empathy:
“questionnaire for the assessment of empathy” (E scale) (Leibetseder, Laireiter, Riepler, & Koller, 2001).

2HAMD scores were only acquired in patients with MDD.
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Straube (2015). Twenty German sentences were presented to the par-
ticipants as short videos. The grammatical structure was consistent
across all sentences: subject-predicate-object. Each sentence was
presented once with an iconic co-speech gesture (IC) and once with-
out any gesture (NG). The co-speech gesture was performed in a nat-
ural way, conform with the content of the sentences, for example,
“The man caught a big fish,” while the actor is indicating the size of
the fish with his hands. For 0.5 s at the beginning and at the end of
each clip the actor neither spoke nor moved. Two cameras simulta-
neously filmed the actor while speaking, so that only the viewpoint
differed between the frontal and the lateral condition (see Figure 1).
Four different experimental sets consisting of the same stimuli but in
counterbalanced sequential arrangements regarding body orientation
and gesture presence were created to reduce sequence effects. Each
stimulus set consisted of 80 video clips in total (40 frontal, 40 lateral

conditions).

2.3 | Experimental design and procedures

Prior to the fMRI scanning procedure, participants saw and evaluated
four practice trials (videos were not part of the experiment) to make
sure that they understood the task. For the fMRI experiment, MRI-
compatible headphones together with earplugs were used to optimize
scanner noise reduction. Stimuli were presented in the middle of the
video screen using presentation software (Version 18.3, Neuro-
behavioral Systems). The 20 videos for each of the four conditions
were presented in a pseudorandomized and counterbalanced order
across subjects. Subsequent to the presentation of each video, a low-
level baseline with a variable duration of 3,750—6,750 ms (mean =
5,000 ms) followed. This baseline consisted of a blank gray screen. A

Iconic gesture (IC)

Frontal

Lateral

similar experimental procedure was used in a previous study of ours
(for details, see, for example, Straube et al., 2010). For each stimulus,
participants were asked to evaluate whether they felt addressed or
not, taking into account the whole video. To give their answer, partici-
pants were instructed to press a button for “yes” or “no” on an mag-
netic resonsance (MR)-compatible response device fixed to their left
leg. Thus, feeling addressed resulted in a button press with the left
middle finger, not feeling addressed resulted in a left index finger but-
ton press. Participants were further instructed to respond directly
after the video had disappeared from the screen. For the statistical
analysis, the ratings (number of yes responses for the 20 videos per
condition) were transformed into percentage of “yes” responses
related to all responses of one condition for each subject and
condition.

24 | Behavioral data analyses

A mixed-design analysis of variance (ANOVA) was performed using
IBM SPSS Statistics 22 with the within-subject factors gesture (IC,
NG) and body orientation (Fro, Lat) and the between-subject factor
group (HS vs. MDD) to analyze the addressment ratings. The alpha
level was set at 5%, and a Greenhouse-Geisser correction was used
whenever necessary.

2.5 | fMRIdata acquisition

MRI data were collected on a Siemens 3 Tesla MR Magnetom Trio
Trim scanner. To reduce motion artifacts, subjects' heads were fixated
using foam pads. MR-compatible headphones were used.

No Gesture (NG)

FIGURE 1 Experimental design and
stimuli. lllustration of the four different
conditions: (1) a frontal facing body
orientation of the actor with an iconic co-
speech gesture (IC-Fro), (2) a frontal
facing body orientation of the actor with
no gesture (NG-Fro), (3) a lateral view of
the actor with an iconic co-speech
gesture (IC-Lat), (4) a lateral view of the
actor with no gesture (NG-Lat; see
Nagels, Kircher, Steines, & Straube, 2015).
Fro, frontal view; IC, iconic gesture; Lat:
lateral view; NG, no gesture
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Subsequent to the acquisition of functional data, T1-weighted
high-resolution images were acquired for each subject. Functional
data were acquired using a T2-weighted echo planar image (EPI)
sequence (repetition time = 2,000 ms; echo time = 30 ms; flip
angle = 90°). The volume included 33 transversal slides (slice thick-
ness = 3.6 mm; interslice gap = .36 mm; field of view = 230 mm, voxel
resolution = 3.6 mm?]. In total, 420 functional volumes were acquired

in each subject.

2.6 | fMRIdata analysis

fMRI data were analyzed with the statistical parametric mapping soft-
ware (SPM12, v6685, Wellcome Trust Centre for Neuroimaging,
London, UK) implemented in MATLAB Version 7.9.0 (release R2009b,
The MathWorks, Inc., Natick, MA). The first five images were dis-
carded from the analysis.

All images were scanned for artifacts and movement patterns
were displayed before the analysis. Subjects who showed significant
artifacts or moved further than 3 mm were excluded from the
analysis.

During preprocessing, the images were first realigned to the mean
image and then normalized into Montreal Neurological Institute (MNI)
space using the unified segmentation routine with the mean EPI
image of each subject as “image to align.” The normalized data
(resliced voxel size: 2 mm?®) were then smoothed with an 8 mm®
Gaussian kernel.

As in previous studies (e.g., Nagels, Kircher, Steines, &
Straube, 2015), an event-related design was used to measure the
blood-oxygen-level dependent (BOLD) responses for each video
belonging to one of the four different experimental conditions (NG-
Fro, NG-Lat, IC-Fro, IC-Lat). In the single subject (first-level) analysis,
the anticipated hemodynamic response at the defined points of
speech and gesture co-occurrence (defined as the onset of the key-
word within each sentence) for each event type was modeled by a
canonical hemodynamic response function (Friston et al., 1998). The
function was convolved with the event sequence, with a fixed event
duration of 1 s, and the onsets corresponding to the speech-gesture
integration points to fit the stimulus conditions in a general linear
model. The fixed event duration of 1 s was selected to get a broader
range of data around the assumed time point of speech and gesture
processing and has also been applied successfully in previous studies
of co-verbal gesture processing (Green et al, 2009; Kircher
et al, 2009; Nagels, Kircher, Steines, & Straube, 2015; Straube
et al., 2010; Straube, Green, Weis, Chatterjee, & Kircher, 2009).
Movement parameters of each subject were implemented as multiple
regressors into the data analyses to correct for head movement during
data acquisition.

A flexible-factorial analysis implemented in SPM 12 was con-
ducted with the four baseline-contrast images (one for each condi-
tion) for each participant within each group (= eight conditions in
total). In this group analysis, specific contrasts of interest were

defined (see below). Subsequently, a three-level 2 x 2 x 2 mixed

design ANOVA with two within subject factors (gesture, body orien-
tation) and one between-subject factor (group) was performed in
SPSS for analyses with extracted data of cluster activation
(eigenvariate).

We performed a Monte-Carlo simulation of the brain volume to
establish an appropriate voxel contiguity threshold (Slotnick &
Schacter, 2004; see also Green et al., 2009; Kircher et al., 2009; Straube,
Green, Chatterjee, et al., 2011). This correction has the advantage of
higher sensitivity to smaller effect sizes, while still correcting for multiple
comparisons across the whole brain volume (Slotnick, 2017). This proce-
dure was chosen to increase comparability to previous investigations in
HS (Nagels, Kircher, Steines, & Straube, 2015).

Assuming an individual voxel Type | error of uncorrected
p < .005, a cluster extent of 77 contiguous resampled voxels was indi-
cated as necessary to correct for multiple voxel comparisons at
p < .05 (for further information, see Data S1). The reported voxel
coordinates of activation peaks are located in MNI space.

For the anatomical localization, functional data were referenced
to automatic anatomical labeling (AAL) (Tzourio-Mazoyer et al., 2002).
Complete lists of extended AAL cluster labels for each contrast are
provided in Data S1.

2.7 | Contrasts of interest

First, main effects for gesture (IC > NG) and body orientation
(Fro > Lat) were calculated to detect involved brain regions for the dif-
ferent social cues. T tests for both factors separately were performed
with MDD > HS to investigate potential compensation processes and
HS > MDD to reveal areas related to dysfunctional processing. Sec-
ondly, we performed a conjunction analysis to identify communalities
between the groups. Finally, we performed an analysis for a potential
interaction effect group x gesture x body orientation (in the flexible-
factorial analyses implemented in SPM 12), to reveal group differ-
ences in BOLD signal changes depending on both factors: gesture and
body orientation.

3 | RESULTS

3.1 | Behavioral results
The results of the addressment ratings are presented in Table 2 and
Figure 2.

We found a significant main effect of the factor gesture
(F[1, 74] = 66.00; p < .001; ;72 =.471) with a higher frequency of posi-
tive addressment ratings for the IC condition (M,c = 65.00%;
SEc = 4.26) than for the condition without gesture (Mg = 26.36%;
SEng = 3.87). There was also a significant main effect of the body ori-
entation (F[1, 74] = 35.03; p < .001; 52 = .321) that consisted of a
higher proportion of addressment ratings for the frontal orientation of
the actor (Mgro = 55.23%; SErro = 4.56) than for the lateral orienta-
tion (M aT = 36.14%; SE| a7 = 3.82).
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TABLE 2  Addressment ratings in percentage
95% CI

Group Gesture Body orientation M SE Lower limit Upper limit
MDD NG Fro 35.30 6.58 22.1 48.4
Lat 17.42 3.69 10.1 24.8
IC Fro 75.15 4.73 65.7 84.6
Lat 54.85 6.42 421 67.6
HS NG Fro 44.41 5.83 3238 56.0
Lat 10.95 3.27 4.4 17.5
IC Fro 81.55 4.19 73.2 89.9
Lat 43.69 5.69 324 55.0

95% CI

Group Gesture M SE Lower limit Upper limit
MDD NG 26.36 3.87 18.6 34.1
IC 65.00 4.26 56.5 735
HS NG 27.68 343 20.8 34.5
IC 62.62 3.77 55.1 70.1

95% Cl

Group Body orientation M SE Lower limit Upper limit
MDD Fro 55.23 4.56 46.1 64.3
Lat 36.14 3.82 285 43.8
HS Fro 62.98 4.05 54.9 71.0
Lat 27.32 3.39 20.6 34.1

Note: The first part is displaying the descriptive statistics for all conditions separately. In the second part, the gesture conditions were averaged over both
body orientation conditions each. The third part was performed equivalently for body orientation.
Abbreviations: Cl, confidence interval; Fro, frontal view; HS, healthy subjects; IC, iconic gesture; Lat: lateral view; NG, no gesture; MDD, major depressive

disorder.

Furthermore, we found a trend for interaction between group
and body orientation (F[1, 74] = 3.631; p = .061, 5 = .047). There was
no significant interaction of group x body orientation x gesture
(F[1, 74] = .085; p = .772), nor were there significant interaction
effects of gesture x body orientation (F[1, 74] = 1.590; p = .211) or
group x gesture (F[1, 74] = .252; p = .617) and the inter subject factor
group only (F[1,74] = .021, p = .886).

3.2 | fMRIresults
3.21 | Main effect of gesture and group
interactions

The main effect of gesture (across groups and body orientations) rev-
ealed more BOLD response (further on, the term activation is used to
describe the BOLD response) in bilateral occipital, posterior temporal,
hippocampal as well as frontal areas including the left IFG for the con-
dition with gesture in comparison to the condition without gesture.
Details for the separate groups can be seen in Tables S1 and S2. For

an extended list of AAL toolbox cluster labels, see also Data S1.

A conjunction analysis between MDD patients and HS revealed
a similar increase of activation in occipital and temporal regions,
including the hippocampus, Rolandic operculum, and fusiform
gyrus, as well as in frontal regions, for example, the superior, infe-
rior, and middle frontal gyrus and the precentral gyrus in both
hemispheres (see Figure 3 and Table 3) for the contrast of ges-
ture (IC > NG).

Beside these commonalities, group differences revealed
that MDD patients showed stronger activations in the left cere-
bellum and fusiform gyrus for ICs in comparison to the NG con-
dition, whereas HS activated more in the right putamen
(group x gesture interactions; see Table 3). Effect sizes estima-
tions based on the extracted eigenvariate of the respective
clusters revealed for the interaction of group x gesture in the
cerebellum an effect size of ;72 =.134 and in the right putamen
of y? = .174.

Correlation analyses for the patient group did not show any sig-
nificant correlation between BOLD activation and depressive symp-
toms using the Hamilton Depression Scale (HAMD). There was no
correlation between addressment rating and BOLD activation for both

groups.
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3.2.2 | Main effect of body orientation and group middle occipital gyrus, cuneus, and fusiform gyrus (see Table 4;
interactions Figure 4).

The main effect of body orientation (Fro > Lat; across groups and ges-
ture conditions) revealed more activation for the frontal condition in
comparison to the lateral condition in the middle occipital lobe and
inferior frontal areas. Among the HS, we found an increased activation
for this contrast predominantly in the right fusiform gyrus, left IFG,
precentral gyrus, and middle occipital lobe. In addition, MDD patients
revealed more activation in bilateral occipital lobe, insula, left hippo-
campus, and cerebellum for the same contrast. More details can be
found in Table S3 and S4.

A conjunction analysis revealed for both groups shared increased
activation for a frontal body orientation in comparison to the lateral

orientation in the left precentral gyrus, IFG, and right superior and

100 Addressment rating in %
80 ‘
60 N }
. .
o |
NG_Fro NG_Lat IC_Fro IC_Lat

MDD ® HS

FIGURE 2 Addressment rating of major depressive disorder
(MDD) patients and control group in percentage

Our analyses for a potential interaction (group x body orienta-
tion) revealed that MDD patients show higher activations than HS for
the contrast of body orientation (Fro > Lat) in bilateral superior and
middle frontal gyrus, anterior and middle cingulate cortex in both
hemispheres, left SMA, right angular gyrus, right inferior parietal
gyrus, and middle occipital gyrus (see Figure 4 and Table 4). Effect
sizes estimations based on the extracted eigenvariates of the SFG/
MFG/ACC cluster revealed for the interaction of group x body orien-
tation an effect size of 52 = .174.

There was no significantly increased activation for HS compared
to MDD patients for the same contrast (Fro > Lat).

Correlation analyses for the patient groups revealed that BOLD
activation in the left ACC/MFG/SMA cluster during the lateral NG
condition correlated with depressive mood, measured with the sub-
scale of the HAMD scale (r = —.433, p = .012), suggesting that
depressive mood is related to reduced activation during the condi-
tion where no addressment cues are provided. There was no corre-
lation between addressment rating and BOLD activation for both

groups.

3.2.3 | Interaction between group, gesture, and
body orientation

Finally, we performed an analysis for an interaction effect between
group, gesture, and body orientation (group x gesture x body orienta-

tion; for gesture x body orientation across groups, see Data S1).

TABLE 3  Group communalities and differences in activation for the main effect of gesture
Anatomical No. t
Contrast region Cluster extent Hem. voxels Value x y z
Group communalities: Fusiform Middle, superior, and inferior temporal R 12,227 2206 50 -62 =2
(HS-IC > HS-NG) n gyrus gyrus, middle and inferior occipital
(MDD-IC > MDD-NG) lobe, Rolandic operculum
Middle, superior, and inferior occipital L 11,450 1874 -46 -72 2
lobe, middle and inferior temporal
lobe, fusiform gyrus and Cuneus
Hippocampus  Thalamus and lingual gyrus R 408 6.60 16 -28 0
Precentral Middle, superior, and inferior frontal R 982 5.32 54 10 38
gyrus gyrus
Hippocampus  Thalamus and lingual gyrus L 304 5.02 -16 -28 O
Precentral Postcentral gyrus, middle, superior, L 731 4.52 -44 -2 56
gyrus and inferior frontal gyrus
Group differences: Fusiform Cerebellum L 92 4.45 -36 -46 -28
(MDD-IC > MDD-NG) > Gyrus
(HS-IC > HS-NG)
Group differences: (HS-IC > HS-NG) Putamen R 97 3.19 26 -12 16

> (MDD-IC > MDD-NG)

Note: Coordinates in Montreal Neurological Institute (MNI) space, cluster extent, and t values of the conjunction and interactions of group by condition.

Cluster level corrected at p < .05.

Abbreviations: Fro, frontal view; HS, healthy subjects; IC, iconic gesture; Lat: lateral view; NG, no gesture; MDD, major depressive disorder.



TABLE 4  Group communalities and differences in activation for the main effect of body orientation
Anatomical No. t
Contrast region Cluster extent Hem. voxels Value x y z
Group communalities: Fusiform Lingual gyrus, Calcarine gyrus, middle R 823 9.72 22 -82 10
(HS-Fro > HS-Lat) N gyrus and superior occipital gyrus, Cuneus
(MDD-Fro > MDD-Lat) IFG Precentral gyrus L 153 360  —42 2 32
Group differences: SMA Middle and superior frontal gyrus, ACC, L 571 4.37 -14 30 36
(MDD-Fro > MDD-Lat) > MCC, and SMA
(HS-Fro > HS-Lat) Angular Middle occipital gyrus, inferior parietal R 324 4.32 42 -74 32
gyrus gyrus
ACC Middle and superior frontal gyrus and R 522 3.78 30 22 40
MCC

Group differences: (HS-Fro > HS-Lat)
> (MDD-Fro > MDD-Lat)

No significant clusters

Note: Coordinates in MNI space, cluster extent and t values of the interaction of group by condition. Cluster level corrected at p < .05.
Abbreviations: ACC, anterior cingulate cortex; Fro, frontal view; HS, healthy subjects; IC, iconic gesture; Lat: lateral view; MCC, middle cingulate cortex;
MDD, major depressive disorder; MNI, Montreal Neurological Institute; NG, no gesture; SMA, supplementary motor area.

MDD Patients

Overlap

Contrast estimate: right precentral
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1,6
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In the conditions without gesture, MDD patients showed lower
activations in comparison to the HS in the left vermis and cerebellum
for the frontal condition than in the lateral conditions. The HS rev-
ealed lower activation in comparison to MDD patients in left hippo-
campus, lingual gyrus, precuneus, PCC, SFG, MFG, and bilateral basal
ganglia in the frontal body orientation in comparison to the lateral
body orientation not using any gesture (see Figure 5 and Table5).
Effect sizes estimations based on the extracted eigenvariates of the
PCC cluster revealed for the interaction of group x gesture x body
orientation an effect size of 2 = .101.

Using gesture, the pattern was contrariwise: MDD showed higher
activation for frontal conditions than lateral conditions and the HS group

higher activation for frontal conditions than lateral conditions in the

Healthy Subjects

FIGURE 3 Main effect of gesture
(IC > NG) in MDD patients (red), healthy
subjects (green) and common activation
(yellow) for gesture in patients and
healthy subjects (yellow). The bar graph
at the bottom of Figure 3 shows the
extracted eigenvariate of the right
precentral cluster of the conjunction
analyses (54, 10, 38). It is representative
of all yellow regions demonstrating more
activation for the gesture conditions in
both groups (HS and MDD). The error
bars of the bar graphs are indicating the
SE of the mean. Fro, frontal view; IC,
iconic gesture; Lat: lateral view; NG, no
gesture; MDD, major depressive disorder

regions described above. Interestingly, the group difference in activation
was especially pronounced in the IC-Fro condition (see Figure 5).

Correlation analyses revealed that BOLD activation of left SFG
for the lateral gesture condition (IC-Lat) correlated with the empathy
rating across both groups (r = —.316, p = .005), but not in the patient
group (r = —.259, p = .145).

The contrast estimates (extracted eigenvariate) of the PCC cluster
for the frontal gesture condition (IC-Fro) correlated negatively with
the HAMD score for depressive mood (r = —.383, p = .028). During
the lateral gesture condition contrast estimates of the PCC cluster
were related to the post experimental rating (how easy was the task
for the participant), indicating that more activity was related to higher

ratings of easiness across both groups (r = .290, p = .011).
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FIGURE 4 Main effect of orientation (a)
in MDD patients (red), healthy subjects
(green) and shared activations in MDD
patients and healthy subjects (yellow).

(a) Conjunction analysis for shared
activations between MDD patients and
HS. (b) Interaction between group and
body orientation. Bar graphs show the
extracted eigenvariates of the respective
clusters of the conjunction (a) or
interaction effect (b). The error bars of
the bar graphs are indicating the SE of
the mean. Fro, frontal view; IC, iconic
gesture; Lat: lateral view; NG, no gesture;
MDD, major depressive disorder
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These data suggest that different aspects of psychopathology are
related to the neural processing of body orientation (with or without
gesture) in patients with MDD.

There was no correlation between addressment rating and BOLD

activation in both groups.

4 | DISCUSSION

During social interpersonal interaction multiple cues such as body ori-
entation and gesture can generate a feeling of addressment. Here, we
showed for the first time the contribution of body orientation and ges-

ture for the feeling of being addressed in MDD patients. Despite a

Contrast estimate: left ACC

0,8
0,6
0,4

" L
= T "

0,6
HS MDD
W Fro Wlat

similar rating and large overlap in activation patterns in MDD and HS
for the effect of gesture as well as for body orientation, we found pat-
terns of increased activation in patients (vs. HS) for the frontal body ori-
entation in the right angular gyrus and the bilateral prefrontal cortex
including ACC and for gesture in the left fusiform gyurs. Furthermore,
our analyses revealed interaction effects with a first hint for a distin-
guished processing for the integration of social cues. Especially for the
most addressing condition IC-Fro, we found lower activation in PCC
and SFG in patients with MDD compared to HS. Hence, we conclude
that MDD patients are well capable of recognizing and interpreting
social cues though they seem to need more neural resources to evalu-
ate social cues separately, whereas the integration of both cues leads

to a lower activation in regions of self-reference.
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FIGURE 5 The interaction effect for the factors group x gesture x body orientation in (a) left cerebellum and (b) left posterior cingulate cortex,
hippocampus, superior frontal gyrus (SFG), middle frontal gyrus (MFG), and basal ganglia. In the cerebellum, patients showed a higher activation for the
condition IC-Fro in comparison to healthy subjects, whereas they show an increased activation in the PCC for the same condition. Bar graphs show the
extracted eigenvariates of the respective clusters, illustrating the activation pattern across conditions for HS (blue) and patients (MDD, red). The error
bars of the bar graphs are indicating the SE of the mean. Fro, frontal view; HS, healthy subjects; IC, iconic gesture; Lat: lateral view; NG, no gesture;
MDD, major depressive disorder; PCC, posterior cingulate cortex

TABLE 5 Interaction between group, body orientation and use of gesture
Anatomical No. t
Contrast region Cluster extent Hem. voxels Value x y z
MDD (IC_Fro > IC_Lat) > Cerebellum Vermis L 188 3.28 -12 -36 -32
(NG_Fro > NG_Lat) > HS
(IC_Fro > IC_Lat) >
(NG_Fro > NG_Lat)
HS (IC_Fro > IC_Lat) > Superior frontal Middle frontal gyrus L 84 3.47 -26 46 30
(NG_Fro > NG_Lat) gyrus
> MDD Hippocampus Lingual gyrus, precuneus, thalamus, PCC, L 192 3.32 -26 -42 4
(IC_Fro > IC_Lat) > nucleus caudatus
(NG_Fro > NG_Lat)
PCC PCC, thalamus, nucleus caudatus L 85 3.19 -12 -46 30
Thalamus Putamen, globus pallidus R 100 3.07 4 -20 12

Note: Coordinates (in MNI space), cluster extent and t values of the interaction of group by condition. Cluster level corrected at p < .05.
Abbreviations: Fro, frontal view; HS, healthy subjects; IC, iconic gesture; Lat: lateral view; NG, no gesture; MDD, major depressive disorder; MNI, Montreal
Neurological Institute; PCC, posterior cingulate cortex.

Furthermore, our results support the conclusion of previous studies
(Holler et al., 2015; Nagels, Kircher, Steines, & Straube, 2015; Saggar, Shelly,
Lepage, Hoeft, & Reiss, 2014; Straube et al., 2010), indicating the important
role of body orientation and co-speech gesture for social interaction.

4.1 | The neural processing of gesture

In line with studies of gesture processing in HS (Green et al., 2009;
Saggar et al., 2014; Straube, Green, Bromberger, & Kircher, 2011), the

control group and patient group showed similar activations for the
effect of gesture (IC >NG) in regions involved in visual/motion
processing (i.e., occipital brain regions) and mentalizing
(i.e., frontoparietal areas, precentral cortex and hippocampus). Thus,
the general processing of gestures seems to be intact. However,
MDD patients showed higher activations in the fusiform gyrus and
cerebellum, whereas HS revealed more activation for gesture in the
putamen, giving a first hint regarding differential processing of ges-
in patients with MDD. Thus,

visuomotor-related areas to process gesture information, suggesting

tures patients recruited more



SUFFEL ET AL.

WILEY_| 2

an increased effort to use gesture related information to solve the

addressment rating task.

4.2 | The neural processing of body orientation
Regarding the neural processing of body orientation, we found higher
activations for the frontal conditions in both groups in precentral
areas: the left occipital cortex and fusiform gyrus. This supports previ-
ous findings (Nagels, Kircher, Steines, & Straube, 2015) that the left
fusiform gyrus plays an important role for processing body orientation
as a social cue and is consistent with our hypothesis.

A greater activity in precentral areas and SMA for the frontal con-
ditions in comparison to lateral condition may reflect a mentalizing or
motor simulation process activated by the evaluation of an addressing
frontal body orientation. Interestingly, there was a higher activation in
the superior and middle frontal gyrus, cingulate cortex, SMA, and
parietooccipital regions for the frontal body orientation in MDD
patients compared to HS (see Figure 4), indicating a possible compen-
sation process for mentalizing dysfunctions. The cingulate cortex and
the anterior part (ACC) are involved in various processes, such as
stimuli assessment (Zysset, Huber, Ferstl, & von Cramon, 2002) and
empathy (Carr, lacoboni, Dubeau, Mazziotta, & Lenzi, 2003; Olsson &
Ochsner, 2008) and are associated with the processing of social cues
(Nagels, Kircher, Steines, & Straube, 2015; Straube et al., 2010). Mid-
dle and inferior frontal areas were also found in HS being more acti-
vated for frontal body orientation (Straube et al., 2010). In our study,
these areas—in addition the right angular gyrus—also showed an
increased activation for frontal body orientation in MDD patients in
comparison to HS. Thus, MDD patients seem to need higher activa-
tion levels in the cingulate cortex, frontal areas, and the right angular
gyrus for the interpretation of body orientation to achieve the same

behavioral output as HS.

43 |
gesture

The interaction of body orientation and

The interaction of body orientation and gesture for patients compared
to healthy control subjects revealed more activation in the cerebellum
for the IC-Fro condition but less activation in PCC and prefrontal
cortex.

The combination of body orientation and gesture is certainly rele-
vant. However, what is not clear is their meaning regarding the
addressment in the conditions NG-Fro and IC-Lat. In these two
ambiguous conditions, MDD patients showed higher activations in
PCC, hippocampus, MFG, SFG, and basal ganglia than HS. As these
regions had been considered for attributing mental states to others
(Saxe, 2006), increased activity during this task could be necessary for
patients to evaluate these ambiguous video conditions and interpret
them comparable to HS.

These findings could also be interpreted as a potential neural cor-

relate of the interpretation bias in depression (Everaert, Bronstein,

Cannon, & Joormann, 2018; Everaert, Podina, & Koster, 2017). Thus,
their difficulties to interpret and dissolve ambiguous social cues may
be reflected in their higher activations of the concerned brain regions.
Furthermore, the lower activation in PCC and prefrontal cortex for
the conditions IC-Fro and NG-Lat may reflect a deviation of self-
referential processes (Brewer, Garrison, & Whitfield-Gabrieli, 2013,
2013; Whitfield-Gabrieli et al., 2011; Yaoi, Osaka, & Osaka, 2015).
Intriguingly, bar graphs indicate that activation seems to be lowest for
patients and group differences highest in the condition were both
addressment cues are present (IC-Fro). Thus, compensatory processes
for separate processing of gesture and body cues might be necessary
as integration of both cues is impaired, as reflected by reduced BOLD
response for the facing gesture condition.

Especially in situations with more than one counterpart, it is
important to recognize and interpret social cues to feel involved and
to address another person correctly. Therefore, we think that being
addressed is the first step in a complex social-emotional processing
stream leading to functioning communication (Ochsner, 2008). Our
data suggest that this first step is already impaired in patients with
MDD or, at least, that patients might need more neural resources in
order to interpret social communicative cues. Patients with MDD in
particular suffer from social isolations and dysfunctional relationships
(Coyne, 1976; Hautzinger et al., 1982; Youngren & Lewinsohn, 1980).
Even though it remains unclear whether MDD causes or is caused by
social isolation (Brakemeier, Normann, & Berger, 2008), there is evi-
dence for the theory that MDD is a learnt reaction to social rejection
(Kube et al., 2018) and missing reinforcement in social situations
(Airaksinen, Wahlin, Larsson, & Forsell, 2006; Brown, Harris, Hep-
worth, & Robinson, 1994; Saris et al., 2017; Spijker et al., 2004). Our
data cannot disentangle related assumptions; however, we can pro-
vide first evidence for differences in neural processing of social cues
such as gesture and body orientation, which might contribute to social
impairments. Especially the fact that more neural resources seem to
be necessary for patients with MDD to evaluate social cues could hint
to a higher barrier for successful social interaction. Together, with
reduced motivation/drive this effort might often be avoided in natural
social context.

5 | CONCLUSIONS

Despite a similar rating in MDD and the healthy subject group, several
regions including the ACC (for the frontal body orientation condition)
appeared more activated in patients than in healthy subjects. Hence,
we conclude that MDD patients are well capable of recognizing and
interpreting social cues, such as gesture or body orientation, though
they seem to need more neural capacity in mentalizing regions to
achieve the same cue depended evaluations of their own
addressment. These findings are a first indication that MDD patients
do not feel less addressed in general but may be more strained while
identifying and processing the relevant social cues. This might be
especially true for situations with multiple addressment cues, which

have to be integrated to induce self-referential processes along with a
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feeling of being addressed. Though it must be considered that feeling
addressed is only one component of our complex interpersonal com-
munication, it is particularly relevant for being accepted as an interac-

tion partner.
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