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Increased orbitofrontal cortex activation associated
with “pro-obsessive” antipsychotic treatment
in patients with schizophrenia

Frederike Schirmbeck, PhD*; Daniela Mier, PhD*; Christine Esslinger, MD;
Franziska Rausch, MPsych; Susanne Englisch, MD; Sarah Eifler, MPsych;
Andreas Meyer-Lindenberg, MD; Peter Kirsch, PhD; Mathias Zink, MD

Background: Patients with schizophrenia have an approximately 10-fold higher risk for obsessive—compulsive symptoms (OCS) than the
general population. A large subgroup seems to experience OCS as a consequence of second-generation antipsychotic agents (SGA), such
as clozapine. So far little is known about underlying neural mechanisms. Methods: To investigate the role of SGA treatment on neural pro-
cessing related to OCS in patients with schizophrenia, we stratified patients according to their monotherapy into 2 groups (group I: cloza-
pine or olanzapine; group II: amisulpride or aripiprazole). We used an fMRI approach, applying a go/no-go task assessing inhibitory control
and an n-back task measuring working memory. Results: We enrolled 21 patients in group | and 19 patients in group Il. Groups did not dif-
fer regarding age, sex, education or severity of psychotic symptoms. Frequency and severity of OCS were significantly higher in group | and
were associated with pronounced deficits in specific cognitive abilities. Whereas brain activation patterns did not differ during working mem-
ory, group | showed significantly increased activation in the orbitofrontal cortex (OFC) during response inhibition. Alterations in OFC activa-
tion were associated with the severity of obsessions and mediated the association between SGA treatment and co-occurring OCS on a
trend level. Limitations: The main limitation of this study is its cross-sectional design. Conclusion: To our knowledge, this is the first im-
aging study conducted to elucidate SGA effects on neural systems related to OCS. We propose that alterations in brain functioning reflect a
pathogenic mechanism in the development of SGA-induced OCS in patients with schizophrenia. Longitudinal studies and randomized inter-

ventions are needed to prove the suggested causal interrelations.

Introduction

Patients with schizophrenia have a lifetime risk of about 25%
for comorbid obsessive-compulsive symptoms (OCS), and
recent meta-analyses estimated that 12% fulfil the criteria for
obsessive-compulsive disorder (OCD).!” The co-occurrence
of OCS and schizophrenia is associated with pronounced im-
pairments, greater burden of disease, poorer social and voca-
tional functioning and a less favourable overall prognosis.*®
The clinical presentation of OCS in patients with schizo-
phrenia is diverse, with manifestations of OCS before, con-
current with or subsequent to the first onset of psychosis and
a persisting, remitting or fluctuating course.® This phenotypic
heterogeneity suggests that a variety of causal factors have to
be considered. Progress in understanding underlying neuro-

biological mechanisms will most likely be achieved if defined
homogeneous subgroups within the comorbid sample are in-
vestigated.® One of these homogeneous subgroups comprises
patients who experience a de novo onset or a marked ag-
gravation of OCS after treatment initiation with second-
generation antipsychotic agents (SGAs). Clozapine in par-
ticular has been associated with a risk of inducing OCS.”

By grouping patients with schizophrenia according to their
antipsychotic medication, we recently found markedly higher
OCS frequency and severity in a group treated with substances
that have prominent antiserotonergic profiles (clozapine? olan-
zapine’) compared with a group treated with more prominent
dopaminergic blockade (amisulpride,' aripiprazole'). These
differences progressed over a 12-month period.'*"® Together
with the therapeutic effects of selective serotonin reuptake
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inhibitors (SSRIs) in patients with primary OCD, these observa-
tions suggest that dysfunctional serotonergic neurotransmission
plays an important role in the pathogenesis of obsessions and
compulsions.*'¢ Thus, the hypothesis arose that the strong an-
tagonism at 5-HT,, 5-HT,, and 5HT,. receptors of clozapine and
olanzapine combined with low antidopaminergic potency® con-
stitutes a pathogenic mechanism in the development of second-
onset OCS in patients with schizophrenia.

However, so far little is known about associated neural
mechanisms. To investigate if and how psychotropic agents
modulate brain activity, fMRI studies can be useful ap-
proaches."” In fact, an increasing number of studies have docu-
mented the effects of SGA treatment on neural functions.’®
These studies mostly focused on the recovery of altered fronto-
cortical activation patterns, showing normalization of the
blood oxygen level-dependent (BOLD) signal with anti-
psychotic treatment.’”® To elucidate differential effects of phar-
macologic profiles, imaging investigations directly comparing
different antipsychotic agents are needed. Réder and col-
leagues'® and Liemburg and colleagues® recently reviewed the
limited number of fMRI studies that used this approach, and
they concluded that depending on the extent of blockade of
the dopamine D2 receptor, SGAs might differentially influence
the BOLD signal. Differential effects of SGAs on OCD-related
brain regions might elucidate pathways involved in the de-
velopment of comorbid OCS in patients with schizophrenia.

To the best of our knowledge, so far only 3 neuroimaging
studies have investigated the neural correlates of OCS in pa-
tients with schizophrenia.»*> However, none of these studies
focused on possible underlying pharmacodynamic aspects,
and recruitment of participants was solely based on the clinical
phenotype. Furthermore, no study assessed whether OCS
were associated with dysfunctions in the fronto-striato—
thalamocortical circuitry connecting the orbitofrontal cortex
(OFC), anterior cingulate cortex, thalamus and caudate nu-
cleus, although these regions are thought to play a core role in
the pathogenesis of OCD.*% In addition, preliminary findings
of animal studies have suggested that antipsychotic substances
functionally modulate the OFC.** However, investigations of
SGA effects on the OFC or other regions within the fronto—
striato—thalamocortical circuitry in humans are missing.

The aim of the present study was to investigate differential
SGA effects using an fMRI task that is known to involve the
fronto—striato-thalamocortical circuitry. We hypothesized that
we would find differential activation patterns, in particular
within the OFC, reflecting a possible pathogenic mechanism in
the development of SGA-induced OCS in patients with schizo-
phrenia. As a control condition, a working memory task was
applied. In subsequent explorative analyses we aimed to in-
vestigate interrelations between the type of SGA treatment,
neural activation, cognitive performance and presented OCS.

Methods
Study design and participants

This neuroimaging approach was conducted as part of a
large multimodal assessment comparing patients with
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schizophrenia who were treated with different SGAs based
on comorbid OCS, neurocognitive performance'?’® and gen-
etic risk factors.”” Thus, study participants represent a par-
tially overlapping subgroup of the predescribed samples.

General inclusion criteria were age between 18 and 60 years;
good command of the German language; diagnosis of a
schizophrenia-spectrum disorder according to DSM-IV-R;
monotherapy with either clozapine, olanzapine, amisulpride or
aripiprazole; stable medication and psychopathology over a
period of at least 2 weeks with constant severity scores in both
the Clinical Global Impression scale (CGI-S) and the Positive
and Negative Syndrome Scale (PANSS). Patients with a history
of alcohol or drug addiction or current treatment with anti-
depressants (with the exceptions of substances without marked
serotonergic effects, such as reboxetine, bupropion and agomel-
atine) were excluded. The investigation was approved by the
ethical committee of the University of Heidelberg and was per-
formed in agreement with the guidelines of good clinical prac-
tice. After providing participants with a complete description of
the study, we obtained written informed consent.

Clinical assessments

Sociodemographic variables, medical treatment, dosages
and serum levels of antipsychotic agents were assessed. We
used the Yale-Brown Obsessive—-Compulsive Scale
(YBOCS), which has been reliably used in schizophrenia
populations,®? to assess OCS. In addition, a self-rating
questionnaire on obsessions and compulsions was applied
(Hamburger Zwangsinventar; HZI). The Y-BOCS allows the
rating of compulsions and obsessions separately on 5-point
Likert scales (0—4), yielding subtotal scores ranging from 0
to 20. The HZI subscales include compulsions (checking,
washing, ordering and counting) as well as obsessions.

We assessed the severity of psychotic symptoms using the
PANSS. Comorbid depressive symptoms were rated with the
Calgary Depression Scale for Schizophrenia (CDSS). General
and social functioning were assessed with the CGI-S and the
Personal and Social Performance Scale (PSP).

Neuropsychological assessment

Patients completed a neuropsychological test battery, which
consisted of 12 computer-based and paper and pencil tasks
with 16 predefined outcome parameters. We assessed the
estimated premorbid verbal intelligence with a multiple-
choice vocabulary test (Mehrfachwahl-Wortschatz-Intelli-
genztest; MWT-B), processing speed with the Trail Making
Test part A (TMT-A) and additional cognitive shifting abili-
ties with the TMT part B. Executive functioning was mea-
sured with the Wisconsin Card Sorting Test (WCST) and the
Stroop Colour and Word test. Four computer-based subtests
of the Test Battery for the Assessment of Attentional Dys-
function (TAP) were applied: a go/no-go task, which mea-
sured response inhibition, a set-shift task assessing the abil-
ity to shift attention between 2 modalities, an n-back task
measuring working memory and a task measuring con-
tinuous performance (CPT). The German version of the Rey



Auditory-Verbal Learning Test (RAVLT) was included to
measure verbal learning and memory, while delayed visual
memory and visuospatial skills were assessed with the Rey—
Osterrieth Complex Figure Test (ROCFT) and the Block De-
sign task of the Wechsler Adult Intelligence Scale-Revised.
Finally, we administered the d2 Test of Attention to evalu-
ate selective attention.

Functional MRI

Two fMRI paradigms were applied. The Flanker task® was
administered to assess the ability to inhibit prepotent re-
sponse tendencies (response inhibition). In this task, an ar-
row is presented in the centre of the screen, flanked by ei-
ther arrows in the same direction (congruent), the opposite
direction (incongruent), boxes (neutral) or the letter “x” (no-
go). Participants are instructed to indicate the direction of
the centre arrow as fast as possible. Within the no-go condi-
tion measuring response inhibition, participants are asked
to refrain from pressing the button. The task consists of 145
trials (40 incongruent, 41 congruent, 31 neutral and 33 no-
go), presented in pseudorandom order. Each stimulus was
presented for 800 ms with an interstimulus interval (ISI) of
2.200- 5.200 ms. The total duration of the Flanker task was
10.1 minutes.

The n-back task® assessed working memory. This task has
2 conditions (0-back and 2-back) with numbers presented in a
diamond-shaped set up. In the 0-back condition, participants
are asked to press the button that corresponds to the number
on the screen, whereas in the 2-back (working memory) condi-
tion they are asked to indicate which number appeared 2 pre-
sentations ago. Blocks of 0-back and 2-back tasks were alter-
nated in a fixed order. Each block lasted for 30 seconds.
Numbers were presented for 500 ms with an ISI of 1500 ms.
The total duration of the n-back task was 4.27 minutes. To min-
imize learning effects, participants practiced this task before
the fMRI session until their performance did not further im-
prove between 2 sets of 20 2-back trials.

Acquisition of functional imaging data

We conducted BOLD fMRI on a 3 T Siemens Tim Trio scanner
(Siemens Medical Systems) using echo-planar imaging (EPI)
with the following parameters: 28 axial slices, 4 mm thickness,
1 mm gap, repetition time 2000 ms, echo time 30 ms, field of
view 19.2 cm, matrix 64 x 64, voxel size 3 X 3 X 5 mm. Scans
were acquired in descending order. We acquired 128 scans for
the n-back and 306 scans for the Flanker task.

The first 4 volumes for both experiments were discarded to
account for saturation effects.

Statistical analysis

We performed our statistical analyses using SPSS software
version 20.0 (IBM). Normal distribution was tested with the
Kolmogorov—Smirnov Test and non-normally distributed par-
ameters were analyzed with nonparametric tests. We investi-
gated between-group differences in sociodemographic vari-

ables using the Student ¢ test and y? test. Differences in OCS
severity were analyzed using the Mann-Whitney U test,
whereas further psychopathology and performance in neuro-
psychological tests were compared using analyses of covari-
ance (ANCOVAs), including duration of illness as the covari-
ate. We considered results to be significant at p < 0.05. In
addition, effect sizes for group differences in cognitive vari-
ables were reported using Cohen 4. In a dimensional
approach, we analyzed associations between cognitive per-
formance and OCS severity using nonparametric Spearman
correlation coefficients.

Analyses of task performance and functional imaging data

Functional imaging data were preprocessed and analyzed using
SPM5 (www.filion.ucl.ac.uk/spm/software/spm8/). Prepro-
cessing included realignment, normalization to a standard EPI
template (Montreal Neurological Institute [MNI] template) with
a resampling to an isotropic 3 x 3 x 3 mm voxel size and
smoothing with a 9 mm full-width at half-maximum Gaussian
filter. Data from the Flanker task were additionally slice-time
corrected after realignment. Data were subjected to first-level
analyses, applying multiple regressions to estimate the fit be-
tween experimental conditions and brain activation for each
participant individually. For this purpose, all experimental con-
ditions were defined as regressors to explain the BOLD time
course. Analyses of the Flanker task included the congruent, in-
congruent, neutral and no-go regressors, whereas the 2-back
and 0-back regressors were defined for analyses of the n-back
task. In addition, to control for possibly remaining movement-
related artifacts, 6 further regressors containing information
from realignment were entered into the models as covariates.
The contrasts of interests (no-go > neutral, 2-back > 0-back) were
built by linear combinations of the regressors and entered into
second-level random-effects group analyses. Whole brain analy-
ses were conducted for comparisons between conditions apply-
ing 1-sample f tests as well as between groups using 2-sample
t tests, with duration of illness as a covariate.

Correlation analyses between brain activation, task per-
formance and further clinical characteristics were conducted.
Therefore, contrast estimates of orbitofrontal activation from
the cluster showing group differences in the no-go > neutral
contrast were extracted. In addition, this cluster was saved as
a region of interest (ROI) for an exploratory comparison be-
tween group I patients (those treated with clozapine or olan-
zapine) with and without OCS.

Regarding statistical inference of fMRI data, we set the
significance threshold at p < 0.05, family-wise error (FWE)—
corrected. The minimal cluster size threshold was set to
k = 20 adjacent voxels. Since the FWE-correction bears the
risk of false-negative findings, we subsequently reanalyzed
the group comparisons with a threshold of p < 0.005, uncor-
rected. The combination of a threshold of p < 0.005 with a
cluster size threshold of 20 voxels presents an adequate cor-
rection for multiple testing in fMRI studies that balances the
probability for type I and type II errors.*

Behavioural data of the fMRI paradigms were analyzed
using SPSS software version 20.0. Accuracy of task solving
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(percentage of correct responses) was analyzed for both
fMRI paradigms within 2 x 2 factorial ANCOVAs, with
group as an independent factor and condition as the
repeated-measurement factor (no-go > neutral in the
Flanker task and 2-back > 0-back in the n-back task). To ac-
count for differences in illness duration, this variable was
included as a covariate.

A posteriori analyses of interrelations between type of SGA
treatment, alteration in OFC activation and association
with OCS severity

Mediation analyses were performed a posteriori to further
explore whether the predictive value of type of medication
on OCS severity was mediated by altered functions in OFC
activation. In addition, we investigated if the association be-
tween OFC activation and OCS severity was mediated by in-
hibitory control, as measured with the go/no-go task of the
TAP. We used the indirect macro developed by Preacher and
Hayes™ for testing simple mediator models for our analyses.

Results
Sociodemographic characteristics and clinical assessments

Forty-two patients with schizophrenia (1 = 40) or schizoaffective
disorder (1 = 2) according to DSM IV-R were included in the
study. Two patients had to be excluded from analyses owing to
significant performance deficits (< 50% correct trials in the
Flanker task). Of the final sample, 21 patients belonged to group
I, which received substances with a prominent antiserotonergic
profile (clozapine, n = 14; olanzapine, n = 7), and 19 patients be-
longed to group II, which received substances with a more
prominent dopaminergic profile (amisulpride, n = 7; aripipra-
zole, n = 12). The groups did not differ significantly in age, sex,
years of education and estimated premorbid verbal intelligence,
but they had significant differences in duration of illness
(Table 1 and Table 2). Therefore, this variable was integrated as
a covariate into all between-group comparisons. Comorbidity
with nonpsychiatric disorders was rarely found and did not dif-
fer between groups. The current psychopharmacological

Table 1: Sociodemographic and clinical characteristics of study participants

Group; mean + SD*

Between-
group

Characteristic Group I, n=21% Group Il, n =19% differences p value
Age, yr 40.95+9.6 38.1+10.4 t=0.916 0.37
Sex, male:female 18:3 12:7 2 =2.707 0.10
Duration of illness, yr 11.4+£1.7 11.3+£1.8 t=2.941 0.006
Education, yr 10.7 £1.7 11119 t=0.205 0.84
Premorbid intelligence 110.7 + 16.6 1104 +12.5 t=0.052 0.96
Y-BOCS

Obsession 6.7+48 05+1.6 Z =-4.081 < 0.001

Compulsion 57+5.4 1.6+29 Z=-2.530 0.011

Total 12.4 £9.0 22+39 Z =-3.667 < 0.001
HzI

Checking 50+29 22+21 Z =-3.055 0.002

Washing 1.5+1.7 14+15 Z=-0.167 0.87

Ordering 26+17 21+14 Z=-0.751 0.45

Counting 21+24 0.3+0.5 Z=-2.741 0.010

Obsessions 22+20 21+15 Z=-0.196 0.85

Aggressive obsessions 1.4+19 0.3+0.7 Z=-2.077 0.08
PANSS

Positive scale 13.4+3.3 12.8+29 F =0.220 0.80

Negative scale 16.8 +4.2 13.6 4.7 F=2.842 0.07

General psychopathology 33.7+4.9 32.1+55 F=0.987 0.38

Total 63.9+10.4 58.5+11.8 F=1.366 0.27
CDSS 1.2+15 1.8+29 F=1.083 0.31
General functioning

CaGl 3.6+0.8 3.1+£0.7 W2 =7.742 0.06

PSP 67.3+6.5 71377 F=2.495 0.10

CDSS = Calgary Depression Scale for Schizophrenia; CGlI = Clinical Global Impression (Scale); HZI = Hamburger Zwangsinventar;
PANSS = Positive and Negative Syndrome Scale; PSP = Personal and Social Performance Scale; SD = standard deviation; Y-BOCS =

Yale-Brown Obsessive-Compulsive Scale.
*Unless otherwise indicated.

1Group | = clozapine/olanzapine.

FGroup Il = amisulpride/aripiprazole.
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treatment was characterized by mean dose, serum levels, chlor-
promazine equivalents according to Andreasen and colleagues®
and mean duration of index treatment, which was significantly
longer in group I (Table 1). No between-group differences were
observed with respect to concomitant treatment with mood sta-
bilizers or antidepressants (x> = 3.327, p = 0.06).

As expected, OCS prevalence and severity markedly dif-
fered between groups (Table 1). Only 1 patient in group II re-
ported relevant OCS, whereas 15 (71.4%) patients in group I
showed at least mild symptom severity (Y-BOCS scores > 8)
according to interpretation guidelines.®® About half of these
patients (46.7%) presented with clinically meaningful illness
severity (Y-BOCS > 16). In all but 3 patients in group I, OCS
developed subsequent to initiation of treatment with cloza-
pine or olanzapine, and severity of OCS correlated with dur-
ation of treatment (p = 0.53, p < 0.001). Both groups presented
with comparable severity of psychotic illness (PANSS),
affective comorbidity (CDSS), psychosocial functioning (PSP)
and general clinical impairment (CGI; Table 1).

Functional MRI

Behavioural data
Comparisons of the no-go > neutral contrast within the Flanker
task were analyzed with a 2 (condition) x 2 (group) ANCOVA.
This revealed a main effect of condition (F = 18.24, p < 0.001),
suggesting more correct responses for the neutral than for the
no-go condition (post hoc ¢ test: no-go > neutral: t = 5.67, p <
0.001). No significant differences between groups were found.
For analyses of the n-back task, 4 additional patients had to be
excluded; 1 owing to excessive movement and 3 owing to sig-
nificant performance deficits (< 25% correct trials in the 2-back
condition). The 2 (condition) x 2 (group) ANCOVAs assessing
performance as well as reaction times revealed a main effect of
the n-back condition for performance (F = 24.14, p < 0.001), but
not for reaction times. Post hoc ¢ tests showed that the 2-back
condition was more difficult than the 0-back condition (f = 9.82,
p <0.001). Again, no significant group effects were found.

Brain activation data

The effects of condition in both tasks replicated previous
findings from other groups.*** The response inhibition
challenge (no-go > neutral) resulted in activation in the in-
ferior frontal and dorsolateral frontal cortex as well as in the
temporoparietal junction (Table 3). Regarding the n-back

Table 2: Antipsychotic treatment

task, we found the characteristic frontoparietal activation
pattern in response to working memory efforts (2-back >
0-back; see the Appendix, Table S1, available at jpn.ca).

Group comparisons with an FWE—corrected p value thresh-
old revealed no significant group differences. Subsequent analy-
ses applying a threshold that bears a lower risk for false-nega-
tive findings,” revealed significantly stronger brain activation
within group I in the bilateral OFC (medial frontal and rectal gy-
rus), left parahippocampal gyrus and globus pallidus, and right
precentral gyrus during response inhibition (Fig. 1 and Table 3).
Analysis of the working memory task revealed no significant
group differences, independent of the p value threshold.

Regarding associations between OFC activation and phar-
macological parameters, we found no correlations with dosage
or duration of treatment, neither within groups, nor overall.

Within the entire sample, OFC activation correlated with
the obsessions subscale (p = 0.35, p = 0.029), but not with the
compulsions subscale or the Y-BOCS total score.

We performed a subsequent 2-sample ¢ test to compare acti-
vation in the OFC during response inhibition between patients
in group I with and without OCS. Results revealed a trend to-
ward increased activation in the subgroup with OCS (MNI co-
ordinates: x, i, z= -9,38,20; k=7, p =0.08, t =2.66).

Neuropsychological assessment

Between-group analyses revealed significant differences in pro-
cessing speed, cognitive flexibility, inhibitory control, immediate
verbal recall, delayed visual memory and visuospatial abilities
(Table 4). Correlation analyses between Y-BOCS scores and cog-
nitive performance showed positive associations for most of
these domains (Table 4). In accordance, checking, as measured
with the HZI, significantly correlated with cognitive flexibility
(set shift; p = 0.39, p = 0.025), inhibitory control (go/no-go; p =
0.35, p = 0.035), delayed visual memory (Rey figure reproduc-
tion; p =-0.52, p = 0.001), visuospatial abilities (WAIS block de-
sign; p = 0.42, p = 0.016) and perseveration errors (WCST; p =
0.35, p = 0.035.). The counting subscale correlated with inhibi-
tory control (go/no-go; p = 0.35, p = 0.031). Neither medication
dosage nor serum levels were associated with test performance.
Duration of treatment correlated with the TMT-A (p =049, p =
0.001), TMT-B (p = 0.50, p = 0.001), delayed visual memory (p =
—-0.53, p = 0.001) and Stroop interference score (p = 042, p =
0.014). Performance in the go/no-go task, the set shift task and
the TMT-B was further found to be associated with OFC activa-
tion (Table 4).

Group |, mean + SD

Group Il, mean + SD

Antipsychotic medication Clozapine, n = 14 Olanzapine, n =7 Amisulpride, n =7 Aripiprazole, n = 12 t value p value
Duration of treatment, yr 78+55 46+4.6 1.0+£15 2017 t=4.115 < 0.001
Dosage, mg/d 351.8 +139.5 17.1+49 471.4 +149.6 17.5+6.2 — —
Chlorpromazine equivalent 327.2+129.8 360.8 + 102.7 405.4 + 128.7 273.0+£97.0 t=0.429 0.67
Serum levels, pg/L 310 = 280 37.9+14.9 94.5+72.6 203.9 +67.1 — —

SD = standard deviation.
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A posteriori analysis

Within a first mediation analysis, the dichotomous vari-
able type of SGA treatment was entered as the predictive
variable, while OCS severity was defined as the dependent
variable. Alterations in OFC activation were entered as the
potential mediator into the analyses. Results revealed a
significant direct effect of group on OCS severity (path c)
and a small indirect effect (path ab; Z = 1.807, p = 0.07)
through OFC activation, which just missed significance
(Fig. 2A). The full model accounted for approximately 46%
of the variance in total Y-BOCS score (R? = 0.4559, F =
15.080, p < 0.001)

We conducted a second mediation analysis to explore
whether the association between OFC activation and OCS
severity was mediated by the ability to inhibit response ten-
dencies (go/no-go task). Although results did not reveal a
significant direct effect of OFC activation on OCS severity
(path c), a trend for an indirect effect through inhibitory
control (path ab; Z = 1.8332, p = 0.06) was found (Fig. 2B).

The full model accounted for approximately 21% of the
variance in total Y-BOCS score (R? = 0.2126, F = 4.7264, p =
0.015). To account for group differences in the cognitive
task, we subsequently included the group variable as a
covariate. Whereas the mediating effect diminished (a =
0.139, p = 0.74; b = 1.055, p = 0.21), a direct effect became ap-
parent (c =-3.959, p = 0.049).

Discussion

Findings of de novo development and aggravation of OCS af-
ter initiation of antipsychotic treatment led to the hypothesis
that specific SGAs induce second-onset OCS in patients with
schizophrenia. With this fMRI approach we aimed to elucidate
differential effects of SGA treatment on brain activation.

As expected, patients in group I reported OCS more fre-
quently than those in group II. More than 70% presented
with at least mild symptom severity. Of these patients, all but
3 retrospectively reported OCS development after the start of
olanzapine or clozapine treatment. These high numbers have

Table 3: Brain activation during response inhibition, condition and group effects*

MNI coordinates

Brain region BA k X y z t value

No-go > neutral
Inferior frontal gyrus 47 123 -36 17 -14 9.21
Inferior frontal gyrus 47 —-45 20 -1 8.65
Insula 47 27 23 -2 6.06
Supramarginal gyrus 40 204 54 -49 37 8.15
Superior frontal gyrus 8 99 9 14 58 7.33
Superior frontal gyrus 6 18 17 64 7.07
Supramarginal gyrus 40 87 —60 -58 31 7.32
Middle frontal gyrus 8 85 42 8 46 714
Inferior frontal gyrus 47 129 42 26 -20 7.03
Inferior frontal gyrus 47 36 20 -11 6.91
Inferior frontal gyrus 47 45 20 -5 6.19
Middle temporal gyrus 21 31 57 —28 -1 6.79
Middle frontal gyrus 10 38 33 50 31 6.68
Middle temporal gyrus 22 43 63 —46 1 6.66
Middle frontal gyrus 9 45 45 29 43 6.66
Superior frontal gyrus 9 45 35 34 5.90

Group | > group II: no-go > neutralt
Precentral gyrus 4 31 36 —22 58 3.98
Globus pallidus 22 -18 -10 -8 3.48
Parahippocampal gyrus 34 -15 2 -17 3.30
Medial frontal gyrus 10 43 -12 35 -2 3.40
Medial frontal gyrus 10 -3 47 -8 3.21
Rectal gyrus 11 -9 35 -17 2.81
Rectal gyrus 11 20 9 35 =17 3.28
Medial frontal gyrus 10 18 38 -8 2.86
Posterior cingulate 30 40 -18 -55 7 3.18
Posterior cingulate 31 -9 -52 19 3.17

BA = Brodmann area; FWE = family-wise error; MNI = Montreal Neurological Institute.
*Subcluster peaks are inserted. The reverse contrasts revealed no significant group differences. The significance
threshold for the main effect was p < 0.05, FWE-corrected, and for group comparison it was p < 0.005, uncorrected. The

cluster size threshold was k = 20.

TGroup | = clozapine/olanzapine; group Il = amisulpride/aripiprazole.
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been described before, especially with clozapine.®® As men-
tioned, despite these large numbers and often reported
association,” to our knowledge, no previous imaging study
focused on possible pharmacodynamic aspects of OCS in
patients with schizophrenia.*~*

Differential SGA effects on brain activation

Analyses of fMRI data during response inhibition revealed
increased activation in the OFC, the left parahippocampal
gyrus and globus pallidus, and the right precentral gyrus in
patients in group L.

As mentioned in the introduction, fMRI studies directly
comparing the effects of different types of SGAs in patients
with schizophrenia are rare and mainly focus on the dys-
regulated dopamine system.” A recent review of differen-
tial effects of antipsychotic medication concluded that lower
dopaminergic receptor affinity and moderate to high sero-
tonergic affinity is associated with greater activation of the
prefrontal cortex. However, unexpectedly, clozapine ap-
peared to cause a decrease in prefrontal activation in most
studies.” Summarizing data on working memory, Roder
and colleagues' reported effects of aripiprazole, quetiapine
and risperidone on BOLD signal in the frontal lobe during
n-back performance. However, only 1 study directly compared
treatment with different SGAs and found no significant
group differences.’” In accordance, we did not find SGA-
dependent differences in working memory-related frontal
activation. In contrast, a recent positron emission tomog-
raphy investigation specifically focusing on SGA effects
within the serotonergic system found a markedly greater re-
duction of binding potentials of 5-HT,, receptors in the
frontal cortex and OFC in patients with schizophrenia who
were treated with aripiprazole than in those treated with
olanzapine or risperidone. The authors concluded that these
results reflect the partial agonistic properties of aripiprazole
at 5-HT,, receptors.® Thus, some evidence supports the as-
sumption that the pharmacodynamic fingerprints of SGAs
differentially influence neural activation. In addition, studies
investigating the effects of SSRI treatment reported a de-
crease of frontocortical hyperactivation or hypermetabolism in

Fig. 1: Differential activation of the orbitofrontal cortex (OFC) during re-
sponse inhibition. Unmasked display of increased OFC activation in the
no-go > neutral contrast for group | (clozapine/olanzapine) compared to
group Il (amisulpride/aripiprazole; p < 0.005, uncorrected, k = 20).

patients with OCD'"® and their healthy siblings.*’ In line
with these findings, our finding of SGA-dependent differen-
tial activation in the OFC suggests opposite effects of SSRIs
and SGAs with pronounced antiserotonergic properties.

Association between OFC activation, cognitive deficits and
OcCs

Previsouly mentioned traditional OCD concepts propose
abnormal serotonergic neurotransmission in the fronto-
striato—thalamocortical circuitry.®® Notably, the neurobio-
logical interpretation must not be confined to the serotoner-
gic system; reciprocal interactions of serotonergic, dopamin-
ergic and especially glutamatergic neurotransmission have
to be considered.*'#?

Del Casale and colleagues® suggested that a striatal dys-
function, mainly of the caudate nucleus, may lead via ineffi-
cient thalamic gating to a relative hyperactivity of the OFC and
the anterior cingulate cortex (ACC). It is assumed that the OFC
activity is linked with intrusive thoughts, whereas the signal in
the ACC corresponds with nonspecific anxiety. Based on

OFC activation

a=0.77, p<0.001 b= -3.83,p=0.06

Group | versus

¢=-13.86, p< 0.001
P= » (Y¥-BOCS total
group Il score

Go/no-go task
performance

a=0.85,p <005

OFC €=027,p <005 . (Y-BOCS total
activation score

b =251, p <0.01

A

Fig. 2: Mediation analyses. (A) A posteriori analysis exploring a medi-
ating effect of orbitofrontal cortex (OFC) activation on the association
between antipsychotic treatment and obsessive—compulsive symptom
(OCS) severity. Path a represents the effect of treatment with second-
generation antipsychotics (SGA) on OFC activation, whereas path b
represents the effect of OFC activation on symptom severity, partialling
out the effect of SGA treatment. In addition to a direct effect of group
affiliation on OCS severity (path c), statistically significant and trend re-
sults of both paths a and b indicate an indirect effect of OFC activation
on this association. All of these paths are quantified with unstandard-
ized regression coefficients. (B) Analysis exploring a mediating effect
of performance in the go/no-go task on the association between OFC
activation and OCS severity. Analysis did not reveal a significant direct
effect of OFC activation (c), but the statistically significant results of
both paths a and b indicate an indirect effect through cognitive per-
formance in the inhibitory control task on OCS severity. All of the paths
are quantified with unstandardized regression coefficients. Group | =
clozapine/olanzapine; group Il = amisulrpide/aripiprazole, Y-BOCS =
Yale—Brown Obsessive—Compulsive Scale.
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assumptions in primary OCD and on the observed association
between OFC activation and reported obsessions in our sam-
ple, we propose that the SGA-associated pronounced OFC ac-
tivation in patients in group I might represent a pathogenic
mechanism in the development of second-onset OCS. In line
with this assumption, preliminary comparisons within group I
showed a trend toward increased OFC activation in patients
with OCS compared to those without OCS, although this re-
sult has to be interpreted with caution owing to the small sam-
ple size available for the comparison.

A growing body of evidence has further linked altered neu-
romodulation of cortical and subcortical regions in patients
with OCD to important aspects of cognitive deficits, such as
delayed visual memory, cognitive flexibility and inhibitory
control, which are thought to mediate obsessions and compul-
sive behaviour.*#¢ A specifically crucial role has been assigned
to the OFC owing to its association with cognitive flexibility,
decision making and impulse inhibition.*## Accordingly, we
found significant associations between OFC activation during
response inhibition and performances in the set shift and go/

Table 4: Group-dependent performance in neuropsychological tests*

no-go tasks. Moreover, performance in these tasks was signifi-
cantly correlated with OCS severity (Table 3). Similar associa-
tions have previously been reported*? and seem to be mainly
independent of SGA treatment.®® Consequently, some authors
have proposed deficits in these domains as cognitive endophe-
notyps of OCS in patients with schizophrenia.>*

Possible pathogenic pathways

The cross-sectional design of this study precludes answering
questions of causal interrelations between type of antipsychotic
treatment, changes in brain functionality, neurocognitive altera-
tions and the clinical presentation of OCS. However, previous
findings and our data provide support for assumed pathways.
The assumption that SGAs induce OCS in patients with
schizophrenia has been increasingly investigated in recent
years.” In line with the vast majority of findings, higher fre-
quency and severity of OCS in patients in group I and the sig-
nificant direct effect of the type of index medication on OCS se-
verity suggest that SGA treatment with strong antiserotonergic

Between-group

Correlation with Correlation with OFC

Group,t mean + SD differences ANCOVA Y-BOCS total score activation
Group |, Group II, Effect size,
Baseline n=21 n=19 F value p value Cohen d pvalue pvalue p value p value
Processing speed
TMT-A 37.0+13.6 29.8+8.8 12.573 < 0.001 0.63 0.38 0.016 0.17 0.30
Executive function and
working memory
WCST
Categories completed 58+1.4 6.4+0.8 1.727 0.30 0.53 0.00 >0.99 0.05 0.77
Perseveration errors, % 27.8 +16.8 16.5 + 18.1 2.531 0.09 0.65 0.43 0.008 0.14 0.42
Stroop
Interference 95.8 +27.8 91.4 +23.2 2.472 0.10 0.17 0.39 0.023 0.01 0.94
Go/no-go 1.7+18 0.1+0.3 8.626 0.001 1.24 0.46 0.003 0.47 0.002
Set shift 3.8+6.4 1.1+£20 1.487 0.28 0.57 0.41 0.015 0.53 0.001
TMT-B 92.3 +£46.0 63.5+14.4 6.689 0.003 0.84 0.42 0.008 0.32 0.049
N-back 34+43 28+28 1.071 0.35 0.16 0.16 0.33 0.14 0.42
Verbal learning and memory
AVLT
Immediate recall 452 +£10.1 542 +11.7 5.140 0.012 0.82 -0.27 0.12 —-0.01 0.95
Interference 1.1+3.0 1417 0.482 0.65 0.12 0.08 0.65 -0.14 0.43
Delayed recall 1.5+24 1.8+22 0.783 0.47 0.13 0.03 0.86 0.12 0.51
Visual memory and perception
Rey figure test
Reproduction 39.1+14.6 475124 8.939 0.001 0.62 —-0.54 0.001 0.02 0.93
Memory 117.0 + 38.6 134.2+34.2 12.208 < 0.001 0.47 —-0.59 < 0.001 0.01 0.95
WAIS — block design 30.9+14.6 36.4+9.3 4.282 0.023 0.45 -0.32 0.06 -0.13 0.46
Attention
d2 155.4 + 49.3 136.8 + 33.5 3.168 0.06 0.44 —-0.08 0.63 0.07 0.68
CPT 11.1+10.2 10.1+6.6 0.244 0.78 0.12 —-0.08 0.64 -0.12 0.53

ANCOVA = analysis of covariance; AVLT = Rey Auditory-Verbal Learning Test; CPT = Continuous Performance Test; d2 = d2 Test of Attention; HZI = Hamburger Zwangsinventar;
OCS = obsessive—compulsive symptoms; OFC = orbitofrontal cortex; SD = standard deviation; TMT = Trail Making Test; WAIS = Wechsler Adult Intelligence Scale; WCST = Wisconsin

Card Sorting Test; Y-BOCS = Yale—Brown Obsessive—Compulsive Scale.

*Neurocognitive characterization of study samples. The table provides group-specific means and standard deviations, the between-group comparison using ANCOVAs (covariate duration
of iliness), and the analysis of nonparametric correlations with the Y-BOCS total scores and with levels of task-specific activation in the OFC.

1Group | = clozapine/olanzapine; group Il = amisulpride/aripiprazole.
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properties is a risk factor for the subsequent development of
OCS (Fig. 2A). As discussed, we propose that this interrelation
between SGA treatment and OCS occurrence might be medi-
ated by altered functions of the cortical and subcortical regions
involved in the pathogenesis of OCS, namely the fronto—striato—
thalamocortical circuitry, particularly the OFC. Subsequent
analyses revealed a trend for a partially mediating effect of alter-
ations in OFC activation on the association between type of SGA
treatment and OCS severity (Fig. 2A). Preliminary results from a
second analysis further suggest that the cognitive ability to in-
hibit prepotent responses might mediate the interrelation be-
tween OFC activation and OCS severity (Fig. 2B). However, this
effect diminished when we included group as a covariate. We
are further aware that differences in brain activation might also
be linked to the presented psychopathology itself.

Longitudinal research and detailed comparisons in larger
samples are therefore needed to elucidate the proposed
causal interrelation between differential SGA effects, altera-
tions in neural activation, cognitive performance and the
phenotypic presentation of OCS. Furthermore, the develop-
ment of SGA-associated OCS within a so far incompletely
understood interaction of genetic disposition and environ-
mental factors needs to be addressed.®

Limitations

This study is mainly limited by its cross-sectional design. As
mentioned, forthcoming longitudinal studies starting with
at-risk mental state patients and randomized interventions
are needed.

Although we accounted for differences in duration of ill-
ness at baseline between our groups, we are aware that we
cannot completely exclude confounding effects owing to dif-
ferences in illness history, such as treatment failures or ex-
acerbations, between our 2 groups. Therefore, we included
an additional exploratory analysis involving patients in
group I and found a trend toward increased OFC activation
in patients with OCS. These preliminary results suggest asso-
ciations between OFC alterations and OCS, even if the poten-
tial confounds are eliminated.

Associations between specific cognitive deficits and comor-
bid OCS as well as possible mediating effects of cognitive
performance on the association between OFC activation and
OCS severity need further replication in more homogeneous
samples, especially because the mediating effect diminished
when including group affiliation as a covariate.

Our data are further limited by the inclusion of only
4 SGAs and the subsequent combination of 2 of these sub-
stances within 1 group. Although similar pharmacodynamic
profiles of SGAs within the 2 groups provide a sound theo-
retical basis for this approach, separate analyses in larger
samples are strongly recommended.

Conclusion
To our knowledge, this is the first imaging study to elucidate

SGA effects on brain regions of the fronto-striato-
thalamocortical circuitry, which are known to be involved in

the pathogenesis of OCD. We propose that the observed dif-
ferential activation patterns during response inhibition reflect
pathogenic mechanisms in the development of SGA-induced
OCS in patients with schizophrenia. Forthcoming random-
ized interventions are needed to prove the suggested causal
interrelations. Improved neurobiological insight will contrib-
ute to the development of innovative treatment strategies,
early detection of upcoming OCS and the monitoring of
therapeutic interventions, including polypharmacy and cog-
nitive behavioural therapy.
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