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a b s t r a c t 

One-week treatment with escitalopram decreases amygdala responses to fearful facial expressions in depressed 
patients, but it remains unknown whether it also modulates processing of complex and freely processed emotional 
stimuli resembling daily life emotional situations. Inter-subject correlation (ISC) offers a means to track brain 
activity during complex, dynamic stimuli in a model-free manner. 

Twenty-nine treatment-seeking patients with major depressive disorder were randomized in a double-blind study 
design to receive either escitalopram or placebo for one week, after which functional magnetic resonance imaging 
(fMRI) was performed. During fMRI the participants listened to spoken emotional narratives. Level of ISC between 
the escitalopram and the placebo group was compared across all the narratives and separately for the episodes 
with positive and negative valence. 

Across all the narratives, the escitalopram group had higher ISC in the default mode network of the brain as 
well as in the fronto-temporal narrative processing regions, whereas lower ISC was seen in the middle temporal 
cortex, hippocampus and occipital cortex. Escitalopram increased ISC during positive parts of the narratives 
in the precuneus, medial prefrontal cortex, anterior cingulate and fronto-insular cortex, whereas there was no 
significant synchronization in brain responses to positive vs negative events in the placebo group. Increased ISC 
may imply improved emotional synchronization with others, particularly during observation of positive events. 
Further studies are needed to test whether this contributes to the later therapeutic effect of escitalopram. 
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. Introduction 

Antidepressants are widely used for treatment of depression, but
heir system-level mechanism of action remains poorly understood.
hey are known to rapidly modulate emotional processing, for exam-
le increasing recognition of positive relative to negative emotional fa-
ial expressions ( Harmer et al., 2017 ). Antidepressants have been shown
o decrease responses of the brain’s limbic regions (e.g. amygdala, in-
ula and anterior cingulate cortex (ACC)) to simple negative visual stim-
li while increasing responses to simple positive visual stimuli (see
 Ma, 2015 ) for meta-analysis). This shift towards potentiated process-
ng of positive information, occurring at a very early stage of treatment
ay be important for the clinical effect typically seen several weeks

ater ( Harmer et al., 2017 ). Indeed, early increase in perception of and
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eural responses to positive vs negative stimuli has been shown to pre-
ict treatment response ( Godlewska et al., 2016 ; Tranter et al., 2009 ).
owever, whether/how these changes in automatic processing of simple
motional cues actually translate into altered real-life emotional expe-
iences remains unresolved. One way to address this question is to use
aturalistic and complex emotional stimuli, resembling every-day life
motional situations, to assess neural responses to emotional process-
ng. 

Emotional situations humans encounter in daily life are highly com-
lex and dynamic, triggering varying emotional reactions. This is in
tark contrast with the simple and strictly controlled experimental set-
ings typically used in neuroimaging studies of antidepressant action.
tory-telling is an important part of day-to-day social interactions and
 powerful means to share emotions with others. Immersing oneself
il 2021 
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n stories during social interaction or listening to a radio program or
atching a movie evokes strong emotional reactions and experiences.
hese time-variable reactions to emotional stories can be tracked and
sed to model brain responses to dynamically varying affective states
 Nummenmaa et al., 2014a ). Listening to emotional stories activates the
ore emotional circuits of the brain in a similar way as during simple,
ontrolled visual stimuli ( Ferstl et al., 2005 ; Wallentin et al., 2011 ). 

However, working with uncontrolled daily life -like stimuli poses
ethodological challenges and requires different approaches than the
biquitous mass-univariate general linear model (GLM) fMRI analysis.
o overcome the difficulty in creating a valid stimulus model, inter-
ubject correlation (ISC) analysis offers a means to track neural acti-
ation during complex, dynamic stimuli by using the activity of one
rain to predict activity of another brain ( Hasson et al., 2004 ). It has
een shown that ISC is comparable to GLM in controlled research
aradigms ( Pajula et al., 2012 ) and to date, ISC has been successfully
dopted to study multiple cognitive processes during complex stim-
li, both in healthy as well as clinical populations (for a review see
 Nummenmaa et al., 2018 )). Interestingly, the degree of synchrony in
eural responses during listening to emotional narratives or watching an
motional movie clip in healthy volunteers depends on the intensity of
heir varying affective state evoked by the stimulus ( Nummenmaa et al.,
012 ; Nummenmaa et al., 2014a ). This increased synchrony of brain re-
ponses during observation of emotional events may help to mentalize
thers’ emotions and thus understand their mental state and intentions
 Nummenmaa et al., 2012 ). Depressed patients have been reported to
ave decreased synchrony compared with healthy controls in sensory
nd emotional regions of the brain ( Guo et al., 2015 ). 

In the current study we sought to investigate whether/how a one-
eek treatment with escitalopram modulates brain activity of treat-
ent seeking depressed patients in response to spoken, emotional nar-

atives. Escitalopram is a selective serotonin reuptake inhibitor (SSRI)
hich potentiates serotonin transmission by blocking serotonin reup-

ake into presynaptic serotonergic neurons ( Harmer et al., 2017 ). SS-
Is are usually first-line medications used for major depressive disorder
 Bauer et al., 2007 ). We assessed the effects of escitalopram on emo-
ional processing at the early stage of the treatment, before any effect
n depressive symptoms is expected, to avoid the confounding effect of
mproved mood. We compared the level of ISC between the escitalo-
ram and the placebo group to identify changes in brain activity due to
ntidepressant treatment. Furthermore, we repeated the analysis sepa-
ately for positive and negative emotional stories to identify the effect
f the emotional content in the level of escitalopram modulated ISC. 

. Materials and methods 

.1. Subjects and study design 

Thirty-seven treatment seeking patients with major depressive dis-
rder participated in the study. The patients were recruited from the
innish Student Health Service (an organization providing healthcare
ervices for university students in Finland), units of Helsinki and Es-
oo. All subjects were interviewed with the Structured Clinical Inter-
iew for DSM-IV Axis I Disorders (SCID-I) ( Vreeburg et al., 2009 ) by an
nvestigator (either psychiatrist or psychiatric resident) of the research
roup and fulfilled the DSM-IV criteria for major depressive disorder
MDD). The patients had to be diagnosed with unipolar depression with
ild or moderate severity (Montgomery-Åsberg Rating Scale (MADRS)

 Montgomery and Asberg, 1979 ) score 15–30). They had to be native
innish-speaking adults (18-65 years) with no current antidepressant
edication (for minimum of four months prior to the study) or psy-

hotherapy. 
Other exclusion criteria were as follows: psychotic features, bor-

erline, schizotypal or schizoid personality disorder, primary anxiety
isorder (evaluated as clinically primary to MDD by the interviewer),
ignificant suicidal ideation or previous suicide attempt, severe unsta-
2 
le somatic illness, depression due to somatic illness or substance use,
ife-time alcohol or drug dependence, alcohol or drug abuse during the
ast 12 months, current use of illicit drugs (cannabis during last three
onths, other drugs during last month), excessive consumption of al-

ohol ( > 24 U/week for men and > 16 U/week for women), current use
f an antipsychotic agent, mood stabilizer, systemic corticosteroid, beta
lockers, or benzodiazepine, or a contraindication for magnetic reso-
ance imaging (MRI). 

The study was investigator-initiated, double-blind, randomized and
lacebo-controlled. The study was approved by the Ethics Committee of
elsinki and Uusimaa Hospital District and each participant provided a
ritten informed consent. The subjects were randomized to receive ei-

her placebo or escitalopram 10 mg daily for one week ( + /- one day was
llowed). After this (at day 7), functional magnetic resonance imaging
fMRI) was performed. Three subjects discontinued participation during
he first week, one subject’s fMRI failed due to anxiety in the scanner,
wo subjects’ fMRI run ended before completion, and two subjects had
o be excluded due to excessive head movement during fMRI. Thus, 29
ubjects (n = 15 for escitalopram group, n = 14 for placebo group) were
ncluded in the final study sample. Comorbid anxiety disorders were de-
ected in the SCID for 15 patients (6 in the drug group, 9 in the placebo
roup) with no significant differences between the groups ( p = 0.272 in
isher’s exact test). 

.2. Symptoms and Subjective Ratings 

Before randomization (day 0) and again on the day of fMRI (day
), depression severity of the subjects was quantified with MADRS
 Montgomery and Asberg, 1979 ). The subjects also filled in question-
aires including Beck Depression Inventory (BDI-II ( Beck et al., 1961 )),
eck Anxiety Inventory (BAI ( Beck et al., 1988 )), and Perceived Social
upport Scale Revised (PSSS-R ( Blumenthal et al., 1987 )). To assess pos-
ible early changes in subjective affective state, a questionnaire of cur-
ent positive and negative emotions was repeated daily. The question-
aire consisted of words of affective states adapted from Russel’s cir-
umplex model of affect ( Russell, 1980 ) and the subjects answered with
 five-point Likert scale (see details from ( Komulainen et al., 2016 )). Be-
ore randomization, subjects also completed a Finnish version of NEO
ive Factor Inventory (NEO-FFI) ( Costa and McCrae, 1992 ) to measure
he Five Factor personality traits. 

.3. Task and stimuli 

During fMRI the subjects listened to emotional narratives, spoken
ith neutral female voice, with no prosodic cues about the emotional

ontent. The narratives were 45 seconds long each and included 10
leasant, 10 unpleasant and 10 neutral stories. The subjects were in-
tructed to listen to the narratives and imagine the events of the stories
ividly, trying to become immersed in the stories. The stories were pre-
eded by a 5 s fixation cross and a 15 s short text describing the gen-
ral setting of the upcoming story. The 15 s text also served as a wash-
ut period for the evoked emotions, before the next story. The stimuli
ere presented using Presentation software (Neurobehavioral Systems

nc., Albany, CA, USA). The narratives were played to the subjects with
n UNIDES ADU2a audio system (Unides Design, Helsinki, Finland) via
lastic tubes through porous EAR-tip (Etymotic Research, ER3, IL, USA)
arplugs. Sound was adjusted individually, so that each subject was able
o hear the stories over the scanner noise. 

In a previous study 18 healthy volunteers (12 females, age 19–
0 years, mean age 24.4 years) listened to the stories and rated their
ubjective, time-varying emotional experience (valence and arousal)
 Nummenmaa et al., 2014a ). Averages of these ratings across the
ubjects formed the valence and arousal time-series that were used
o track neural responses to emotional content of the narratives in
he present study. The ratings evoked clear emotional reactions and
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Fig. 1. Schematic visualization of the naturalistic paradigm and inter-subject correlation analysis. Subjects listened to emotional stories while being in the scanner. 
For each voxel, correlations of BOLD time series between subject pairs are stored in inter-subject correlation matrices (see top right corner). The groups are compared 
by estimating the statistical difference between the off diagonal elements within each group (marked in red and blue in the ISC matrix). Furthermore, using external 
continuous ratings of the valence of the stories, negative (dark gray) and positive (white) valence time points can be identified and used to perform the same ISC 
analysis (see bottom right corner). 
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ere associated with activation of the emotion-related brain circuitries
 Komulainen et al., 2017 ; Nummenmaa et al., 2014a ). 

.4. Statistical Analysis of Baseline Characteristics and Subjective Ratings 

SPSS Statistics software, version 21 (IBM Corporation, Armonk, NY,
SA) was used for statistical analyses of baseline characteristics and
uestionnaires. We used a non-parametric Mann-Whitney u-test to ana-
yze age, duration of current depression episode, and number of previ-
us episodes due to their skewed distributions in the study sample, and
 two-sample t-test to analyze comprehensive school grade-point aver-
ge. A mixed model analysis of variance (ANOVA) with measurement
ime and group as factors was used to analyze mood and anxiety ratings.
he significant effects were further explored with post hoc comparisons
sing Bonferroni correction. Each sector of the circumplex model was
nalyzed separately (negative affect (NA), positive affect (PA), negative
ffect with high arousal (NA-HA), positive affect with high arousal (PA-
A), negative affect with low arousal (NA-LA), positive affect with low
rousal (PA-LA), high arousal (HA), and low arousal (LA)). 

.5. fMRI Acquisition 

The MR imaging was performed on a 3 T MAGNETOM Skyra whole-
ody scanner (Siemens Healthcare, Erlangen, Germany) at the Advanced
agnetic Imaging Center, Aalto NeuroImaging, Aalto University School

f Science. The images were acquired with a T2 ∗ -weighted echo-planar
maging (EPI) sequence consisting of 33 slices (TR 1700 ms, TE 24 ms,
OV 202 mm, flip angle 70°, voxel size 3 × 3 × 4 mm, ascending inter-
eaved acquisition with no gaps between slices). A total of 1095 volumes
ere acquired, preceded by three dummy scans to avoid equilibration

ffects. T1-weighted structural images were acquired at a resolution of
 × 1 × 1 mm (TR 2530 ms, TE 3.3 ms). 
3 
.6. Inter-subject correlation 

Preprocessing for ISC was carried out using FSL tools called by the
ramila pipeline ( https://version.aalto.fi/gitlab/BML/bramila ), a Mat-
ab pipeline for running preprocessing over Aalto computational cluster
nd perform further preprocessing steps not included in FSL. Prepro-
essing steps were as follows: slice timing correction, head motion com-
ensation based on rigid rotation, co-registration to the MNI 152 2 mm
emplate with a two-step registration method as implemented by FSL,
patial smoothing (6 mm isotropic), temporal detrending using Savitzky
olay filter of length 240 s, regressing out of 24 head motion parameters

Friston expansion). 
ISC was performed using the Intersubject Correlation Toolbox

 Kauppi et al., 2014 ). For each voxel, we computed an intersubject cor-
elation matrix between each subject pair (see Fig. 1 for a schematic
isualization of the method). To assess group differences, the top off-
iagonal triangle elements of the two groups were compared by com-
uting a t-value (difference of the means scaled by the variance). For
ach voxel, a null distribution of surrogate t values was obtained us-
ng permutation of the subject labels (5000 iterations) as recommended
y Chen et al. ( Chen et al., 2017 ). Matlab core functions used to com-
ute the p-values for ISC group comparisons are available at: https:
/github.com/eglerean/ISCstats . Multiple comparison correction was
btained using Benjamini Hochberg (BH) False Discovery Rate (FDR)
 Storey and Tibshirani, 2003 ) with q < 0.05. Furthermore, to explore the
ossible contribution of positive and negative valence, each time point
as labelled as positive or negative valence based on the valence rat-

ngs from Nummenmaa et al. ( Nummenmaa et al., 2014a ). ISC was then
epeated separately for the positive and negative valence time points.
tatistical inference was performed with permutations as per the pre-
ious ISC. Multiple comparison correction was again performed with
H FDR, but q threshold was set to 0.05/2 to account for the two tests
positive and negative valence) performed. 

https://version.aalto.fi/gitlab/BML/bramila
https://github.com/eglerean/ISCstats
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Table 1 

Baseline characteristics. MDE = major depressive episode. 

Drug group Placebo group 

Mean (SD) Mean (SD) t p 

Neuroticism 28.7 (7.71) 34.9 (3.97) -2.72 0.011 

Agreeableness 33.5 (5.05) 28.7 (7.06) 2.09 0.046 

Consciousness 23.7 (6.10) 20.1 (6.33) 1.53 0.139 

Openness 28.2 (6.79) 29.6 (4.34) -0.68 0.505 

Extraversion 18.7 (7.06) 19.6 (7.73) -0.31 0.763 

Grade-point average (4-10) 8.9 (0.45) 8.8 (0.58) 0.33 0.747 

Drug group Placebo group 

Median Median p 

Number of previous MDEs 0 0.5 0.665 

Duration of this MDE (weeks) 31.0 47.5 0.138 

Age 29 24 0.065 

Table 2 

Mixed model analysis of variance (ANOVA) of the questionnaires. 

Drug group Placebo group Main effect of week Main effect of group Interaction 

Mean (SD) Mean (SD) F P F p F P 

MADRS week0 22.4 (4.36) 24.5 (4.05) F(1,28.174) = 14.05 0.001 F(1,29.303) = 1.64 0.210 F(1,28.174) = 0.165 0.688 

week1 20.7 (4.39) 22.1 (5.04) 

BDI week0 21.9 (5.68) 31.2 (7.22) F(1,26.311) = 13.97 0.001 F(1,29.517) = 15.29 0.001 F(1,26.311) = 2.85 0.101 

week1 20.4 (5.42) 27.4 (8.24) 

BAI week0 11.3 (7.78) 19.3 (10.40) F(1,25.736) = 0.90 0.767 F(1,29.156) = 3.76 0.062 F(1,25.736) = 3.68 0.066 

week1 12.6 (8.62) 17.5 (8.93) 

PSSS-R week0 45.2 (12.50) 40.9 (7.80) F(1,25.797) = 0.00 0.991 F(1,28.992) = 2.30 0.141 F(1,25.797) = 0.96 0.337 

week1 44.6 (10.25) 41.7 (8.36) 
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As the study participants differ in BDI score, we also performed Inter-
ubject Representational Similarity Analysis (IS-RSA ( Finn et al., 2020 ),
lso called Mantel test in statistics for distance matrices). IS-RSA tests if
he inter-subject correlation matrix (all correlations between each sub-
ect pair) at a specific brain area is significantly similar to a model inter-
ubject matrix based on symptom scores. In our case, we tested for each
oxel if the intensity of inter-subject correlation of brain time series be-
ween two individuals can be explained by the average BDI score of the
ubject pair. This testing is performed with permutations by shuffling
he rows and columns of the ISC matrices. 

All result maps are available for download at NeuroVault:
ttps://identifiers.org/neurovault.collection:3206 

.7. BOLD-GLM analysis 

Preprocessing and analysis were performed with SPM8 software
 http://www.fil.ion.ucl.ac.uk/spm/ ). The images were corrected for
lice acquisition time, realigned to the first functional scan using rigid-
ody transformation to correct for head movements and co-registered
ith the individual’s structural MRI. Anatomical MRI was normalized to

tandard template (Montreal Neuroimaging Institute template) by SPM’s
nified segmentation and normalization algorithm (New Segment Tool)
 Ashburner and Friston, 2005 ). The resulting deformation fields were
pplied to the functional images. Finally, the functional images were
moothed with a Gaussian Kernel of FWHM 8mm. 

A two-stage process was used to account for random-effects at
etween-subject level. In the first-level model, the individual subject’s
OLD responses to emotional content of the narratives (valence and
rousal time-series) were assessed. The valence ratings were divided
nto positive and negative, to enable assessment of the effect of escitalo-
ram on pleasant and unpleasant events of the stories separately. Thus,
he model included three explanatory variables, positive and negative
alence and arousal, as well as realignment parameters as nuisance pa-
ameters to account for head motion related variance. A high-pass filter
f 256 s and AR(1) modelling of temporal autocorrelation were applied.
4 
ndividual contrast images were generated for positive and negative va-
ence. In the second level model the resulting first-level contrast images
ere used in another general linear model to estimate the group differ-

nces. A two-sample t-test was used to compare the drug and placebo
roups. We further assessed the effect of escitalopram on processing of
arratives per se as boxcar function, without modelling for the emo-
ional content. Statistical threshold was set at p < 0.05, FDR corrected
t cluster level (primary uncorrected voxel-wise threshold at p < 0.01).

. Results 

.1. Baseline characteristics and Questionnaires 

The groups did not differ significantly in sex (7/15 and 6/14 males
n the drug group and the placebo group, respectively), comprehensive
chool grade-point average, number of previous depression episodes,
uration of current depression episode or age ( Table 1 ). The placebo
roup had higher scores in the personality trait neuroticism and agree-
bleness ( Table 1 ). There was a significant main effect of time, but no
ain effect of group or group ∗ time interaction in MADRS scores. There
as a significant main effect of time and group in BDI scores, placebo
roup scoring higher at baseline and after one week, but no time ∗ group
nteraction ( Table 2 ). 

In daily affective states there was a significant main effect of
ime (F(7,25.859) = 4.39, p = 0.003) and group ∗ time interaction
F(7,25.859) = 3.27, p = 0.011) for NA. In the pair-wise post hoc com-
arisons, the only significant differences found were in the drug group
etween day 2 and 4 (mean NA 4.00 at day 2 and 6.00 at day 4,
 = 0.007), between day 2 and day 7 (mean NA 5.73 at day 7, p = 0.043)
nd day 0 and day 2 at trend level (mean NA 5.60 at day 0, p = 0.057).
here was also a significant group ∗ time interaction, but no significant
ain effects of group or time, for PA (F(7,25.055) = 3.50, p = 0.009) and
A-HA (F(7,25.606) = 2.96, p = 0.021). No significant differences in the
ost hoc pair wise comparisons were found (see Supplementary Material
nd Figure S1). 

https://identifiers.org/neurovault.collection:3206
http://www.fil.ion.ucl.ac.uk/spm/
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Table 3 

The peaks of the clusters with significantly higher and lower inter-subject correlation (ISC) 
in the drug group compared with the placebo group. Clusters are presented in order of 
cluster size. Coordinates in MNI space. L = left, R = right, LPFC = lateral prefrontal cortex, 
PFC = prefrontal cortex, Premot = premotor region. 

Escitalopram > placebo 

Region Cluster size x y z max T-value 

Heschl gyrus R 3598 40 -24 12 10,78 

Superior temporal gyrus L 3012 -58 -28 14 13,52 

Lingual gyrus L 1783 -16 -94 -18 10,61 

Fusiform gyrus R 600 38 -56 -14 7,91 

Cerebellar crus II R 548 20 -78 -48 7,73 

Middle frontal gyrus L (Premot) 436 -28 4 62 5,90 

Inferior occipital gyrus L 421 -52 -76 -8 7,27 

Cerebellar crus II L 352 -20 -80 -40 6,44 

Orbital inferior frontal gyrus R 340 46 24 -12 6,75 

Middle cingulum L 279 -4 -20 32 6,52 

Orbital middle frontal gyrus R 210 26 60 -10 6,54 

Middle frontal gyrus R (LPFC) 165 34 52 18 4,67 

Supplementary motor area R 156 8 26 50 6,22 

Caudate R 141 18 12 8 4,74 

Middle frontal gyrus L (LPFC) 134 -48 30 32 4,07 

Cerebellar vermis IX 129 0 -58 -42 4,81 

Temporal pole R 101 58 4 -18 6,32 

Middle occipital gyrus R 90 34 -84 38 7,15 

Middle frontal gyrus R (Premot) 88 38 8 50 5,23 

Orbital middle frontal gyrus L 82 -24 62 -8 4,34 

Precuneus R 78 24 -44 26 4,88 

Superior frontal gyrus R 75 18 10 68 4,19 

Precentral gyrus R 67 54 0 48 5,69 

Escitalopram < placebo 

Region Cluster size x y z max T-value 

Superior occipital gyrus R 3262 22 -98 6 -9,88 

Middle temporal gyrus L 1021 -54 -28 -10 -11,66 

Middle temporal gyrus L 353 -52 4 -14 -6,67 

Paracentral lobule L 335 -18 -30 66 -5,77 

Middle temporal gyrus R 327 52 -36 -10 -6,49 

Hippocampus R 294 20 -30 -6 -8,31 

Lingual gyrus R 204 32 -50 0 -6,76 

Middle frontal gyrus R (dorsal PFC) 188 26 22 50 -6,37 

Insula R 150 46 4 -6 -5,13 

Parahippocampal gyrus L 118 -14 2 -22 -6,03 

Cerebellar crus I R 116 44 -48 -28 -8,23 

Orbital inferior frontal gyrus R 114 40 44 -4 -4,43 

Middle occipital gyrus L 109 -44 -82 26 -5,38 

Middle frontal gyrus L (dorsal PFC) 78 -34 16 48 -4,49 

Caudate L 72 -12 26 2 -5,09 
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When assessing the quality of the brain imaging data, we computed
 two-sample t-test using the average framewise displacement between
he two groups (t-value = -0.35, p -value = 0.73). 

.2. Effect of escitalopram on Inter-subject correlation 

The escitalopram group had more synchronized brain responses, i.e.
tatistically significantly higher ISC, across all stories compared with
he placebo group in widespread brain regions including temporal audi-
ory and language processing regions (superior temporal cortex (STC),
rimary auditory cortex), frontal premotor regions (precentral gyrus,
upplementary motor area (SMA), middle frontal gyrus (MFG)), corti-
al midline regions (including the middle and posterior cingulate (MCC
nd PCC), the precuneus and the dorsomedial prefrontal cortex), medial
rbitofrontal cortex (MOFC, orbital middle frontal gyrus), lateral pre-
rontal cortex (LPFC (MFG)), right lateral orbitofrontal cortex (LOFC,
rbital inferior frontal gyrus), and inferior parietal cortex (IPC) (see all
he clusters and their maximum t-values in Table 3 ). The drug group had
ess synchronized brain responses, i.e. statistically significantly lower
SC compared with the placebo group in brain regions including the
iddle temporal cortex (MTC), temporal pole and the insular cortex,
5 
ippocampus and parahippocampal gyrus (PHG), occipital cortex and
ronto-parietal attention regions (superior parietal cortex (SPC), frontal
ye field (FEV) region and dorsal PFC). ( Table 3 , Fig. 2 ) 

The escitalopram group had significantly higher ISC, meaning
reater synchronization, during positive parts of the stories compared
ith the placebo group in the MPFC and the ACC, precuneus, IPC as well
s temporal auditory and language processing regions, premotor regions
nd the LOFC extending to the anterior insula. Regions with lower syn-
hronization of brain responses (lower ISC) during positive peaks of the
tories in the drug group relative to the placebo group were largely ab-
ent, seen only in the left MTC, occipital cortex, and the paracentral
obule. ( Table 4 , Fig. 3. B) 

The escitalopram group had higher ISC during negative parts of the
tories compared with the placebo group in the temporal auditory and
anguage processing regions, premotor regions, right MOFC, IPC, right
audate and the precuneus. Lower ISC during negative parts of the sto-
ies compared with the placebo group was observed in the left MTC and
he temporal pole extending to the insula, right VLPFC, right hippocam-
us and PHG and occipital cortex. ( Table 5 , Fig. 3. B) 

To further explore the effect of the emotional content (valence) of
he stories on ISC, we also assessed ISC during positive vs negative parts
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Fig. 2. Regions with stronger (warm colours) and weaker (cold colours) inter-subject correlation (ISC) in the escitalopram group compared with the placebo group. 
Au1 = primary auditory cortex, IPC = inferior parietal cortex, LOFC = lateral orbitofrontal cortex, MCC/PCC = middle/posterior cingulate, MPFC = medial prefrontal cor- 
tex, MTC = medial temporal cortex, PHG = parahippocampal gyrus, Premot = premotor cortex, SPC = superior parietal cortex, Temp pole = temporal pole. 

Table 4 

The peaks of the clusters with significantly higher and lower inter-subject correlation (ISC) in the 
drug group compared with the placebo group during positive episodes of the narratives. Clusters 
are presented in order of cluster size. Coordinates in MNI space. L = left, R = right, LPFC = lateral 
prefrontal cortex, Premot = premotor region. 

Positive valence; escitalopram > placebo 

Region Cluster size x y z max T-value 

Superior temporal gyrus R 2392 64 -24 12 9,25 

Superior temporal gyrus L 2233 -56 -28 12 10,98 

Cerebellar crus II L 1655 -20 -78 -42 7,14 

Supplementary motor area R (Premot) 1273 2 24 56 6,47 

Orbital inferior frontal gyrus R 505 44 22 -12 8,69 

Orbital inferior frontal gyrus L 307 -44 22 -12 6,56 

Middle frontal gyrus R (Premot) 285 40 8 52 5,75 

Superior parietal lobule R 224 28 -66 50 4,95 

Precuneus L 217 -10 -54 58 5,97 

Inferior occipital gyrus L 191 -52 -76 -8 5,69 

Middle cingulum L 168 -2 -20 32 5,16 

Fusiform gyrus L 132 -38 -60 -20 6,10 

Middle frontal gyrus R (LPFC) 90 34 54 18 5,78 

Middle occipital gyrus R 72 34 -84 36 5,16 

Precuneus R 66 10 -60 66 4,20 

Positive valence; escitalopram < placebo 

Region Cluster size x y z max T-value 

Middle temporal gyrus L 268 -64 -28 -2 -8,30 

Calcarine gyrus L 227 -20 -64 20 -6,86 

Paracentral lobule L 104 -14 -26 72 -6,27 
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f the stories in the drug and the placebo groups separately. In the drug
roup we found higher ISC during positive vs negative events of the sto-
ies in the left precuneus, left LOFC and insula, DMPFC and cerebellum,
hereas lower ISC was seen in the left VLPFC, right DLPFC, STC, mid-
le and posterior cingulate and occipital cortex (Table S1, Fig. 3. A). In
6 
he placebo group there were no regions with statistically significantly
igher ISC during positive vs negative events but lower ISC was seen in
imilar regions as in the drug group (but not the DLPFC, and the PCC),
dditionally including the amygdala, hippocampus, SMA and precentral
yrus. (Table S2, Fig. 3. A)). 
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Fig. 3. A. Regions with stronger inter-subject correlation (ISC) during positive (warm colours) relative to negative (cold colours) episodes of the narratives in the 
escitalopram (left panel) and the placebo groups (right panel) separately. B. Regions with stronger (warm colours) and weaker (cold colours) ISC during positive 
(left panel) and negative (right panel) episodes of the narratives. ACC = anterior cingulate, LOFC = lateral orbitofrontal cortex, MPFC = medial prefrontal cortex. 
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1 Though not reported here, in response to a reviewer request, we also con- 
ducted post-hoc seed-based functional connectivity (FC) analyses using five re- 
gions identified in the ISC analyses. These seed-based analyses also did not 
yield any significant cross-group differences in FC, further suggesting that 
ISCs provide a particular and specific window into brain responses during 
complex processing. Unthresholded FC group difference maps are available at 
https://identifiers.org/neurovault.collection:3206 
IS-RSA identified areas in the occipital cortex (lingual gyrus) and
he left medial temporal gyrus (Supplementary table S3); in these re-
ions ISC was significantly explained by the severity of the symp-
oms as measured with BDI. Result map is available in NeuroVault.:
ttps://identifiers.org/neurovault.collection:3206 

.3. Effect of escitalopram on BOLD responses in general linear model 

There were no significant differences between the groups in neural
esponses to positive or negative events of the stories analyzed with
he GLM. However, there was a trend towards increased responses to
ositive valence in the ventral MPFC and ACC and the left VLPFC in
he escitalopram group compared with the placebo group (Z = 3.46,
 = 0.004 uncorrected at cluster level, p = 0.113 FDR-corrected at cluster
evel, peak of the cluster at 14, 48, 0 in MNI space) (Figure S2 and
3). No significant group differences were found in neural responses to
arratives per se (without modelling for emotional content). 

. Discussion 

A one-week treatment with escitalopram modulated brain activity
f treatment-seeking depressed patients during free listening to spoken,
motional narratives. Importantly, the difference between the escitalo-
ram and placebo groups was seen before the antidepressant had any
ffect on depressive symptoms or subjective affective state, suggesting
7 
 direct effect of escitalopram instead of a secondary effect arising from
mproved mood. Furthermore, the narratives were spoken in neutral
oice without any prosodic variation, meaning that higher-order pro-
essing was required to extract the emotional content from the complex
timuli. Thus, it seems that escitalopram does not only affect automatic
imbic responses to simple, emotional stimuli ( Godlewska et al., 2012 ),
ut also modulates complex cognitive-emotional interaction during dy-
amic emotional stimuli, closer to daily-life emotional situations. 

The conventional GLM analysis did not reveal any significant dif-
erences between the escitalopram and placebo groups, whereas with
 model-free ISC analysis, robust group differences were found. 1 It
as been previously shown that when using natural, dynamic stimuli,
SC can reveal substantially larger consistently activated brain regions
ompared with standard GLM ( Wilson et al., 2008 ). ISC is also sensi-
ive detecting differences in brain responses between patient groups and
ealthy controls processing complex stimuli, for example in schizophre-
ia, when no differences can be detected with GLM ( Mäntylä et al.,

https://identifiers.org/neurovault.collection:3206
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Table 5 

The peaks of the clusters with significantly higher and lower inter-subject correlation (ISC) 
in the drug group compared with the placebo group during negative episodes of the narra- 
tives. Clusters are presented in order of cluster size. Coordinates in MNI space. L = left, R = right, 
Premot = premotor region. 

Negative valence; escitalopram > placebo 

Region Cluster size x y z max T-value 

Superior temporal gyrus L 2154 -56 -28 14 14,33 

Angular gyrus R 1219 56 -50 28 7,46 

Superior temporal gyrus R 1093 42 -26 12 10,88 

Supramarginal gyrus L 492 -62 -36 40 7,61 

Lingual gyrus L 278 -16 -94 -16 8,10 

Precuneus R 167 6 -76 52 6,15 

Cerebellar crus II R 144 18 -78 -48 6,09 

Middle frontal gyrus L (Premot) 103 -26 4 60 4,81 

Orbital middle frontal gyrus R 100 26 60 -10 6,60 

Cerebellar crus II L 86 -20 -78 -38 6,04 

Precuneus L 73 -8 -54 14 5,38 

Inferior occipital gyrus L 68 -48 -82 -4 4,67 

Caudate R 68 16 6 10 4,67 

Negative valence; escitalopram < placebo 

Cluster ID Cluster size x y z max T-value 

Calcarine gyrus L 2208 -14 -74 14 -9,48 

Middle temporal gyrus L 578 -64 -30 -2 -8,74 

Cerebellar crus I R 311 44 -50 -28 -8,11 

Middle temporal gyrus L 235 -52 2 -16 -6,24 

Lingual gyrus R 184 14 -46 -6 -5,84 

Parahippocampal gyrus L 111 -24 2 -30 -6,36 

Cerebellar lobule VI L 86 -32 -62 -22 -6,60 

Orbital inferior frontal gyrus R 67 48 30 -2 -5,22 
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018 ). In the present study we showed, to our knowledge for the first
ime, that ISC offers a powerful means to detect early antidepressant ef-
ects on emotional processing in naturalistic, free processing conditions.

When considering positive and negative episodes of the narratives
eparately, the escitalopram group was found to have more synchro-
ized brain responses particularly to positive valence. Stronger ISC in
he escitalopram group during positive parts of the stories was seen in
he precuneus, MPFC and the ACC ( Fig. 3. B). Furthermore, when com-
aring positive vs negative parts of the stories, ISC was stronger during
egative events in the both groups: consistent with a previous finding in
ealthy volunteers watching emotional movie clips ( Nummenmaa et al.,
012 ), negative events tend to elicit more similar brain responses. On
he other hand, ISC was stronger during positive vs negative events in
he escitalopram group in the precuneus and the LOFC extending to in-
ula, whereas there was no significant synchronization in the placebo
roup ( Fig. 3. A). These findings suggest that escitalopram increases
he degree of consistency in brain activity evoked by positive events,
hereas the placebo group fails to synchronize their brain responses

o positive vs negative events. The precuneus, the MPFC and the ACC
re part of the default mode network (DMN), known to activate dur-
ng rest and internally focused processing, such as self-referential pro-
essing ( Buckner et al., 2008a ). Particularly the MPFC is considered as
 “core self ” region ( Davey et al., 2016 ), and suggested to be a key
eural substrate of increased and negatively biased self-processing as-
ociated with depression ( Lemogne et al., 2012 ). The MPFC and the
CC, as well as the insula and the LOFC, also have a key role in emo-

ion generation and regulation ( Phillips et al., 2008 ; Saarimäki et al.,
016 ). We previously found escitalopram to increase responses of the
PFC/ACC to positive vs negative self-referential processing in the same

ample of depressed patients as in the current study ( Komulainen et al.,
018 ). The trend-level finding of increased responses of the MPFC/ACC
o positive valence in the escitalopram group compared with the placebo
roup seen in the GLM analysis of the present study suggests that in-
reased synchrony in this region reflects activity increases, implying
otentiated processing of positive events. Furthermore, evidence sug-
8 
ests that stronger synchrony of neural responses reflects similarity
f mental states and mutual understanding of the environment (for
eview see ( Nummenmaa et al., 2018 )). For example, synchrony of
rain responses increases during simulation of a third person’s feelings
 Nummenmaa et al., 2014b ) and during taking a mutual psychological
erspective ( Lahnakoski et al., 2014 ). Thus, stronger ISC during positive
vents in the key emotion and self-processing regions may implicate im-
roved ability to mentalize others’ positive experiences, relate oneself
o them and update one’s own emotional state accordingly. However,
his remains speculative as we did not ask the subjects to report their
wn emotional reactions to the narratives. 

Lower ISC in the escitalopram group seems to be related particularly
o negative events of the narratives: regions with lower ISC during posi-
ive episodes were mainly absent, whereas during negative episodes the
scitalopram group had weaker ISC compared with the placebo group
n several brain regions implicated in emotional processing, such as
he fronto-insular cortex, hippocampus and temporal pole ( Olson et al.,
007 ; Seeley et al., 2007 ), as well as occipital regions known to activate
uring not only visual but also auditory attention ( Cate et al., 2009 ;
on Kriegstein et al., 2003 ) ( Fig. 3. B). It is tempting to speculate that
his decrease of synchrony could reflect attenuated engagement to neg-
tive events of the narratives. 

Stronger synchrony in the escitalopram group compared with the
lacebo group across all the stories was seen in the temporal cortex in-
luding the primary auditory cortex and central regions of speech com-
rehension (STC), the inferior frontal gyrus (IFG) and premotor regions
mplicated in narrative comprehension ( Wilson et al., 2008 ), as well as
egions part of the default mode network (DMN; precuneus, MCC/PCC,
PFC, IPC) ( Buckner et al., 2008b ) (Fig. 2). The premotor cortex, IFG

nd IPC are particularly involved in complex narrative speech compre-
ension, plausibly having a role in extralinguistic cognitive, affective
nd interpersonal processing ( Wilson et al., 2008 ). Synchrony of the
MN regions have been reported during narrative comprehension and

uggested to be explained by mutual deactivation of the DMN during
rocessing of complex stimuli ( Wilson et al., 2008 ). As we did not find
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ny group differences in the GLM analysis of brain responses we cannot
irectly say if the stronger ISC in the escitalopram group actually re-
ects activity increases or decreases. Importantly, it can also reflect dy-
amic fluctuation of activity in response to dynamic stimuli (e.g. varying
egree of downregulation of the DMN in response to varying complex-
ty/engagement of the narratives). This could partly explain the absence
f group differences in the GLM analysis, as modelling the responses to
motional content with pre-defined model may not detect this kind of
uctuation. It is possible that stronger ISC in the DMN regions in the
scitalopram group reflects improved ability of the DMN to down- and
pregulate appropriately during complex emotional stimuli requiring
arying degree of engagement. Diminished ability of the DMN to ap-
ropriately downregulate has been suggested as one of the key brain
ircuit level abnormalities in depression, plausibly underlying the ex-
essive focus on one’s own, particularly negative, feelings and thoughts
 Hamilton et al., 2011 ; Kaiser et al., 2015 ; Sheline et al., 2009 ). 

Depressed patients have increased functional connectivity in the
MPFC, ACC and the precuneus, which are also key regions in social
ognition ( Schilbach, 2016 ; Schilbach et al., 2012 ). These regions in-
eed overlap with the areas where we found the escitalopram group to
ave stronger ISC in the current study. Interestingly, stronger ISC in the
MN has been shown to correlate with similarity of the interpretation
f a complex narrative ( Nguyen et al., 2017 ), suggesting that the in-
reased ISC in the DMN in the escitalopram group might reflect more
imilar understanding of the narratives. Furthermore, synchronized re-
ponses in the narrative processing circuit may be interpreted as im-
roved ability to attend to and immerse in the stories. Similar regions
premotor regions, IFG, IPC) as implicated in narrative processing and
bserved here to be more synchronized in the escitalopram group, are
lso crucial in emotional empathy ( Carr et al., 2003 ; Nummenmaa et al.,
008 ). Thus, stronger ISC in the narrative processing circuit, the DMN
nd social cognition regions may implicate improved capacity to men-
alize other’s (here characters of the stories) actions and feelings and,
nstead of being caught in one’s own consistently negative feelings, get
emotionally synchronized ” with others. 

Humans tend to naturally synchronize their actions and feelings with
thers during interaction, which is thought to be essential for success-
ul communication ( Hasson et al., 2012 ; Prochazkova and Kret, 2017 ;

ild et al., 2001 ). It has been suggested that not only cognitive and ef-
ortful observation and understanding of others’ mental state but also
ore interactive and automatic processes including automatic coordi-
ation of one’s behavior with that of others and emotional responsive-
ess in social interaction are essential for social functioning and men-
al health ( Schilbach, 2016 ). Depression profoundly affects social func-
ioning typically leading to isolation and alienation from others, and
epressed patients are shown to have less consistent and less dynamic
eural responses to complex emotional stimuli ( Guo et al., 2015 ). Re-
ults of the present study suggest that escitalopram may normalize this
ecrease of synchrony and get the depressed brain back “in sync ” with
thers. 

.1. Limitations 

There are few limitations in the current study: Due to the randomiza-
ion process, the two groups differ at baseline in the BDI, neuroticism
nd agreeableness scores. While the difference in BDI was attenuated
fter a week of escitalopram treatment, we can’t uniquely rule out that
hese baseline differences had an effect on the final analysis. Using IS-
SA we identified few brain areas where a joint BDI score between two
ubjects was correlated with ISC values. It is thus important to be cau-
ious in drawing strong conclusions about the group differences in ISC in
hese regions. In the future, novel statistical methods could be developed
o perform decomposition of the ISC matrix, to separate the contribution
f confounds from the contribution of neuronal activity. Also, the study
ample consisting of university students and mostly young adults may
eaken the generalization of the results to average patient population.
9 
owever, the fact that all subjects were treatment seeking patients, as
ell as some clinical characteristics of the study subjects (such as long
uration of the depression episode and comorbid anxiety disorders), do
upport the generalization of the sample to average clinical populations
f depressed patients. 

. Conclusions 

Depressed patients receiving escitalopram treatment for only one
eek had stronger ISC during free listening to spoken emotional narra-

ives, particularly the positive episodes of the narratives, compared with
he placebo group. This finding suggests that even before mood improve-
ent occurs, escitalopram modulates the way that patients neurally pro-

ess complex emotional "real-to-life" stimuli. This effect was detected
ith ISC when no significant group differences were found with GLM
ased analysis, suggesting ISC a sensitive method to assess antidepres-
ant effects in complex, free processing settings. Increased synchrony in
rain responses to complex emotional stimuli may reflect improved abil-
ty to mentalize others’ emotions and to get “emotionally synchronized ”
ith others. 
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