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Initial treatment for obsessive-compulsive disorder (OCD) consists of pharmacological treatment with selective serotonin
reuptake inhibitors (SSRIs) and/or psychological treatment with cognitive behavioral therapy (CBT). The assumption is that
both treatments have different neural working mechanisms, but empirical evidence is lacking. We investigated whether these
treatments induce similar or different functional neural changes in OCD. We conducted a longitudinal nonrandomized
controlled trial in which thirty-four OCD patients were treated with sixteen weeks of CBT or SSRIs. Functional magnetic
resonance imaging was performed before and after treatment during emotional processing (emotional face matching and
symptom provocation tasks) and response inhibition (stop signal task). Twenty matched healthy controls were scanned twice
with a similar time interval. Both CBT and SSRIs were successful in reducing OCD symptoms. Compared to healthy controls,
treatment led to a reduction of insula activity in OCD patients during symptom provocation. The comparison between
treatment groups revealed widespread divergent brain changes in the cerebellum, posterior insula, caudate nucleus,
hippocampus, and occipital and prefrontal cortex during all tasks, explained by relative increases of activity following CBT
compared to relative decreases of activity following SSRIs. Pharmacological and psychological treatment primarily lead to
opposite changes in brain function, with a common reduction of insula activity during symptom provocation. These findings
provide insight into common and specific neural mechanisms underlying treatment response, suggesting that CBT and SSRIs
support recovery from OCD along partly distinct pathways. This trial is registered with NTR6575.
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1. Introduction

Obsessive-compulsive disorder (OCD) is a debilitating psychi-
atric disorder characterized by repetitive thoughts (obsessions)
and repetitive behaviors or mental rituals (compulsions). Ini-
tial treatment for OCD consists of pharmacological treatment
with selective serotonin reuptake inhibitors (SSRIs) and/or
psychological treatment with cognitive behavioral therapy
(CBT) [1]. Although both treatments have proven to be effec-
tive [2, 3], they might have different neural working mecha-
nisms. SSRIs are thought to work by dampening excessive
limbic activity directly, while CBT targets fronto-limbic dys-
function indirectly via the engagement of dorsal prefrontal
regions during cognitive therapy and directly via exposure
and response prevention [4]. Although there are several stud-
ies that have investigated the effects of these treatments on
brain function [5, 6], there is little direct evidence for this
hypothesis.

A meta-analysis of resting cerebral blood flow and
metabolism studies showed that pharmacological and psy-
chological treatments reduce resting cortico-striato-tha-
lamo-cortical circuit activity in OCD patients [5], circuits
that are thought to play a key role in the pathophysiology
of the disorder [7]. A review of functional magnetic reso-
nance imaging (fMRI) studies suggested that psychotherapy
for OCD leads to decreased activity in ventral brain circuits
during symptom provocation, as opposed to increased activ-
ity in the dorsal circuits during cognitive processing [6].
Three studies have included both treatment types, but sam-
ple sizes were too small to compare these groups directly
(n =4-9 per group) [8-10]. A larger study that included both
treatments used structural MRI, but neither performed a
direct comparison between treatment groups [11]. There-
fore, the question of whether treatment with CBT and SSRIs
leads to similar or different functional changes in patients
with OCD remains to be addressed.

We treated thirty-four OCD patients with sixteen weeks
of SSRIs or CBT and compared pre- and posttreatment mea-
sures on task-based fMRI. We selected three different tasks,
one to probe SSRI effects, one to probe CBT effects, and
one to probe potential common effects related to symptom
improvement. As SSRIs are known to reduce neural
responses to emotional stimuli in the amygdala and related
limbic structures in healthy volunteers and patients with
major depressive disorder [12, 13], we selected an emotional
face matching task that is known to activate the amygdala
[14]. As we presumed that CBT would lead to enhancement
of top-down control of the prefrontal cortex, resulting in
better inhibitory control over unwanted compulsive behav-
iors, we used a stop signal task (SST) engaging areas
involved in response inhibition [15]. To investigate potential
common treatment effects, we included a symptom provoca-
tion task to target the underlying neural mechanisms of
symptom improvement.

2. Materials and Methods

2.1. Participants. Forty-four patients with OCD were
recruited from the outpatient clinic of the psychiatry depart-
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ment of the Amsterdam UMC and OCD expertise center of
HSK. Inclusion criteria were (1) age between 18 and 70
years, (2) a diagnosis of OCD according to DSM-IV, and
(3) treatment indication with SSRIs and/or CBT. Exclusion
criteria were (1) a diagnosis of bipolar disorder, current or
past psychosis, primary alcohol or drug abuse; (2) a contra-
indication for MRI, such as metal implants, claustrophobia,
and pregnancy; (3) major head trauma or neurological dis-
ease; (4) adequate treatment of OCD with a high-dosed SSRI
or CBT within 4 weeks before screening; and (5) current
treatment with tricyclic antidepressant or antipsychotic
medication. Drop-out was due to loss of contact or refusing
the second scan (n =4), restriction of scanning due to the
COVID pandemic (n =2), possible pregnancy (n =2), side
effects of medication (n = 1), and premature ending of CBT
protocol (n = 1), resulting in data from 34 patients for anal-
ysis. Only three patients were taking a subtherapeutic SSRI
dose at baseline (i.e., citalopram 20 mg) [16]. If patients pre-
ferred treatment with medication, the dose would be
increased to therapeutic levels (n=1). In the case of treat-
ment with CBT, the medication would not be altered during
the trial (n=2).

In addition, twenty healthy controls without a current or
past psychiatric or neurological diagnosis and matched
according to age, sex, and educational level were recruited
through flyers and online advertisements. All participants
were assessed on the presence of psychiatric disorders using
the Mini International Neuropsychiatric Interview [17]. The
study was approved by the Ethical Committee of the Aca-
demic Medical Center in Amsterdam (METC 2016_127)
and registered at the Netherlands Trial Registry
(NTR6575), and all participants provided written informed
consent.

2.2. Design and Measurements. The study started as a ran-
domized controlled trial. As the majority of patients in the
first months of the study did not consent to randomization,
we continued the trial as a longitudinal nonrandomized con-
trolled trial in which patients were scanned prior to baseline
and after 16 weeks of treatment (Figure S1). The choice of
treatment was based on the preferences of patients and the
advice of treating psychiatrists. Treatment was performed
according to the national Dutch guidelines [1], with either
a high-dose SSRI or CBT sessions on a weekly basis.
Pharmacological treatment consisted of citalopram 60 mg
(n=12), citalopram 40mg (n=3), or sertraline 200mg
(n=2) per day. Because of the FDA safety warning
regarding QT-interval prolongation with higher dosages of
SSRIs, we have performed an ECG before starting the
medication and after every dosage increase. CBT consisted
of exposure with response prevention and cognitive
therapy either in weekly group sessions at the AMC
(n=13) or individual sessions at HSK (n=4). Two
patients who were treated with CBT wused a stable
subtherapeutic dose of citalopram during the therapy. The
CBT protocol consisted of 16 sessions, which corresponds
to the generally advised duration of therapy [2]. Although
the efficacy of SSRIs can be evaluated after 12 weeks [18],
we chose to rescan the patients in both groups after 16
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weeks to prevent that any of the found differences in
brain activation were the result of a different scanning
interval. Symptom severity was measured pre- and
posttreatment using the Yale-Brown Obsessive-Compulsive
Scale (Y-BOCS) [19], the Hamilton Anxiety Rating Scales
(HAM-A) [20], and the Hamilton Depression Rating Scales
(HAM-D) [21]. Patients were defined as treatment
responders when they showed a reduction of >35% on the
Y-BOCS [22]. Twenty healthy controls (HC) were also
scanned twice with a similar time interval to control for
changes after naturalistic follow-up.

2.3. Neuroimaging Tasks. Participants performed emotional
face matching, stop signal, and symptom provocation tasks
at baseline and follow-up (see Supplementary Information
(available here)). The face matching paradigm consisted of
a blocked design, including an emotional condition with
angry and fearful faces and a control condition (Figure S2)
[14]. The SST consisted of 180 go trials and 40 stop trials
[15]. The time between the onset of the go cue and the
stop cue (stop signal delay; SSD) was adjusted by a
staircase procedure, resulting in an average inhibition
success of approximately 50% (Figure S3). The symptom
provocation task consisted of six blocks of three conditions
with visual stimuli (i.e., OCD, fear, and neutral). After
every block, participants were requested to rate how
distressed they felt on a five-point scale (Figure S4). Three
task versions were created with dimension-specific stimuli
(i.e., washing, checking, or symmetry) so that patients were
allocated to the stimuli sets related to their OCD subtype.

2.4. Data Acquisition. MR imaging was performed ona 3.0 T
Philips MRI scanner, using a 32-channel SENSE head coil.
The scanning protocol included a high-resolution T1-
weighted MRI (sequence parameters: repetition time =6.9
ms; echo time =3.1ms; flip angle=8"; 150 sagittal slices;
voxel size=1.1mm isotropic; total duration=179s). For
fMRI, multiecho echoplanar imaging (EPI) was used to
acquire T2*-weighted MRI volumes with blood oxygen
level-dependent (BOLD) contrast (sequence parameters:
repetition time = 2375 ms; number of echos =3, echo time
=9, 26, and 44 ms; flip angle = 76" field of view =224 mm
x 122 mm x 224 mm; voxel size=3.0mm isotropic, 37
slices).

2.5. Data Analysis. Demographical, clinical, and behavioral
data were analyzed with SPSS (version 26.0). Group differ-
ences were tested using y* tests for categorical variables
(gender, highest education, OCD subtype, presence of
comorbidity, and responder/nonresponder). Continues vari-
ables were compared between groups with a one-way
ANOVA (time between scans), Kruskal-Wallis test (age),
or Welch’s t-test (duration of illness). The pre- and post-
treatment scores on the Y-BOCS, HAM-A, and HAM-D
were compared using a repeated measures ANOVA with
the factors group (SSRI and CBT) and time (baseline and
follow-up) with post hoc t-testing in case of significant
results with Bonferroni’s correction for multiple compari-
sons (alpha =0.0125).

The behavioral data of the SST were analyzed by calcu-
lating the accuracy on go and stop trials, reaction time
(RT) on accurate go trials, stop signal reaction time (SSRT),
and SSD (Supplementary Methods). The SSRT, SSD, and RT
on accurate go trials were compared using repeated mea-
sures ANOVA with the factors group (SSRI, CBT, and
HC) and time (baseline and follow-up). Nonparametric tests
were used to analyze the accuracy on go trials because the
data follows a nonnormal distribution, including the Wil-
coxon signed-rank test (main effect of time and averaged
across groups) and the Kruskal-Wallis test (main effect of
group and averaged across time points). Mean RT and accu-
racy on the face matching task were calculated to check
whether the participants performed the task according to
the instructions. Validation of the symptom provocation
task was assessed using the subjective distress ratings during
the task. Because of the nonnormal distribution, planned
comparisons were carried out by dividing the analyses by
group (Kruskal-Wallis test), and by conditions within
groups (Friedman’s ANOVA), with Bonferroni’s correction
for multiple comparisons (alpha =0.0167). We additionally
tested the main effect of time after summation of distress
scores on all conditions and compared these between time
points (Wilcoxon’s signed-rank test).

2.6. MRI Analysis. MRI data were analyzed using SPM12
(http://www.filion.ucl.ac.uk/spm/). First, realignment was
performed and the three echoes were combined using in-
house software to optimize BOLD contrast sensitivity and
minimize signal dropout and distortion [23]. Following cor-
egistration of the mean EPI to the T1-weighted structural
scan, functional images were normalized to Montreal Neu-
rological Institute (MNI) space (voxel size of 2mm) and
smoothed with a 3D Gaussian kernel of 8 mm at full width
at half maximum (FWHM). Participants with realignment
parameters exceeding 3mm translation on the x-, y-, or z
-axis were excluded from the analysis, resulting in the exclu-
sion of the symptom provocation task of one patient. Due to
scanner malfunction and lack of time, one patient did not
complete the SST and one patient missed the face matching
task. This resulted in the inclusion of thirty-three patients
and twenty healthy controls per individual task.

After preprocessing, fMRI data were analyzed in the
context of the general linear model using parametric tests.
For the SST, the trials were modelled by convolving the
onsets of the go stimuli with the canonical hemodynamic
response function (HRF) for the following conditions: (1)
correct go trials, (2) incorrect go trials, (3) successful stop
trials, and (4) failed stop trials. To probe brain regions
involved in successful response inhibition, weighted con-
trasts were computed for each individual session for success-
ful stop trials versus failed stop trials, which is seen as the
most conservative approach [24]. The face matching task
was analyzed by modelling the two experimental conditions
as box-car regressors convolved with the canonical HRF.
Contrast images comparing the emotional face and visuo-
motor control condition were obtained. The symptom prov-
ocation was analyzed by modelling three experimental
conditions (OCD, fear, and neutral). For the purpose of this
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TaBLE 1: Demographic and clinical data presented as the mean + SD.

SSRI (n=17) CBT (n=17) Controls (n =20) p value
Age (years) 30.06 £9.92 31.18 £ 8.56 29.90 + 8.66 p= 0.704!
Gender (male/female) 7/10 10/7 9/11 p= 0.553°
Highest education (1) p=02707
(i) Elementary school
(ii) Lower professional 0
(iii) Medium professional
(iv) Higher professional 12 10 12
Time between scans (weeks) 18.45+2.95 17.36 £ 6.18 17.34 £2.25 p=0.653"
OCD subtype (n) p= 0.783>
(i) Harm and checking 6 9
(ii) Contamination and washing 3 3
(iii) Symmetry and ordering 4 3
(iv) Forbidden thoughts 3 1
(v) Miscellaneous 1 1
Duration of illness (years) 12.88 £11.22 11.53 £9.60 p=0.712*
Comorbidity (n) p= 0.915°
(i) None 5 5
(ii) Single 7 8
(iii) Multiple (>2) 5 4
Previous treatment history (1) p=0.859"
(i) None 8 9
(ii) SSRI 2 2
(iii) CBT 5 3
(iv) SSRI + CBT 2 3
Y-BOCS
(i) Baseline 25.82 +4.50 24.82+3.13 p=0.458"
(ii) Follow-up 19.65 + 6.95 12.35+5.86 p=0.002"
Responder (yes/no) 4/13 13/4 p=0.002%
HAM-A
(i) Baseline 18.71 £8.76 19.53 +8.55 p=0.783"
(ii) Follow-up 11.47 +7.54 7.71 +7.54 p=0.155"
HAM-D
(i) Baseline 14.88 +5.76 12.47 £5.21 p=0219"
(ii) Follow-up 9.41+5.87 5.94+5.33 p=0.081*

*Significant difference between groups, p < 0.05, tested with 'Kruskal-Wallis test, *chi-squared test, *one-way ANOVA, or *Welch’s ¢-test. Scales: Y-BOCS:
Yale-Brown Obsessive-Compulsive Scale; HAM-A: Hamilton Anxiety Rating Scale; HAM-D: Hamilton Depression Rating Scale.

study, we contrasted the OCD condition against the neutral
condition. The realignment parameters were included in
each model to account for movement artifacts, temporal
autocorrelation was modelled using an autoregressive pro-
cess, and a high-pass filter of 1/128 Hz was applied. The con-
trast images of each task were entered into a separate
second-level  group (SSRI, CBT, and HC) x time (baseline,
follow — up) interaction analyses to assess group differences
in changes over time. We performed two planned Helmert
contrasts to test common (1) and specific (2) brain changes,
by (1) comparing the overall patient group and healthy con-
trols over time and (2) comparing the two OCD treatment

groups over time. Because CBT was more effective in treat-
ing OCD symptoms which resulted in a higher proportion
of treatment responders, we added the pre- and post-Y-
BOCS scores as covariates to the model for testing the sec-
ond Helmert contrast (SSRI vs. CBT) to ensure that the
reported results could not be explained by differences in
symptom improvement. If the interaction analyses showed
significant results, we performed post hoc ¢-testing to deter-
mine the direction of these results. To further investigate
whether group-by-time interactions were linked to clinical
improvement, changes in Y-BOCS score were correlated
with any significant results of the first Helmert contrast
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F1GURE 1: Results of the face matching task (face condition > neutral condition), with main effect of task (blue) and group by time analysis
with patients treated with cognitive behavioral therapy (CBT) compared to serotonin selective serotonin reuptake inhibitors (SSRIs) (red);
significant clusters in cerebellum (a) and posterior insula—Heschl’s gyrus (b), with contrast estimates + 1 SEM at the local maximum for

illustration purposes.

using the Pearson correlation in SPSS. We additionally
explored test-retest effects in healthy controls for all func-
tional tasks.

As we were interested in both common and divergent
treatment effects, we defined two regions of interest (ROI)
per analysis: one general treatment ROI and one ROI target-
ing potential task-specific differences. The general treatment
ROI was based on a meta-analysis and systematic review
looking into the treatment effects of OCD and included the
bilateral caudate nucleus, thalamus, and orbitofrontal cortex
(OFC) [5, 6], based on their anatomical definition by the
AAL atlas. In addition, task-specific ROIs were based on
studies looking into baseline differences between OCD
patients and controls on the three individual tasks. The face
matching ROI consisted of the bilateral amygdala [25-28]
and the symptom provocation ROI of the bilateral amygdala
and insula [29, 30], both based on the AAL atlas. The SST
ROI was defined as a sphere with a 10 mm radius around
the coordinates of the left and right anterior cingulate and

premotor cortex, areas that both showed abnormalities dur-
ing inhibitory control in OCD in a recent meta-analysis [31].
Voxel-wise statistical tests were family-wise error (FWE)
rate corrected (p <0.05) for multiple comparisons across
the whole brain at the cluster level using a height threshold
of p <0.001, or at peak level for the ROIs using a small vol-
ume correction (SVC, p < 0.025, Bonferroni’s corrected for
two ROIs per analysis).

3. Results

3.1. Demographic and Clinical Data. Demographic and clin-
ical data are presented in Table 1. Most of the patients were
treatment naive at baseline (50%). The other patients were
treated with CBT (24%), medication (12%), or both (15%)
in the years before screening. The three groups (SSRI,
CBT, and HC) showed no significant differences in age,
gender, educational level, and time interval between scan-
ning sessions. Baseline Y-BOCS, HAM-A, HAM-D scores,
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TaBLE 2: Significant results from the interaction analyses to investigate common (group (OCD and HC) x time (baseline and follow — up))
and specific ((SSRIand CBT) x time (baseline and follow — up)) treatment effects.

MNI
Contrast coordinates  Cluster size or Z value p value Region (AAL atlas) BA  Direction of effect
X y z
Face matching task
OCD vs. HC - - — — — — —
2 52 -6 520 0.001* Cerebellum 18, 19 T CBT*
SSRI vs. CBT )
-42 -18 8 249 0.026* Posterior insula—Heschl’s gyrus L~ 48 | SSRI, T CBT
Stop signal task
OCD vs. HC - - — — — — —
24 -14 30 362 0.006* Insula—caudate nucleus L 48 T CBT*
a .
SSRI vs. CBT 18 -8 -6 235 0.034b Lingual gyrus R 18, 19 | SSRI, T CBT
-36 38 -2 4.70 0.002 Orbitofrontal cortex L 47 | SSRI, T CBT
-26 10 60 4.06 0.013" Middle frontal gyrus L 8 | SSRL, T CBT
Symptom provocation
OCD vs. HC 4 4 -10 4.46 0.003° Insula R 48 | in patients*
SSRI vs. CBT 32 -58 8 268 0.030"  Calcarine sulcus—hippocampus R 19,37 T SSRI, | CBT

*Whole-brain cluster-level correction. ®’SVC peak-level correction. *Significant post hoc paired t-test between pre- and posttreatment weighted contrasts.
Groups: OCD: obsessive-compulsive disorder; SSRI: selective serotonin reuptake inhibitors; CBT: cognitive behavioral therapy; HC: healthy controls.

Direction of effect: T increased activity, | decreased activity.

the presence of comorbid diagnoses, and OCD subtypes
were not significantly different between the SSRI and
CBT groups (Supplementary Results). A group (CBT,
SSRI) x time (baseline, follow —up) ANOVA revealed a
main effect of time (F(1,32)=71.72, p <0.001, rlpz =0.69)
with lower posttreatment Y-BOCS scores, a main effect of
group (F(1,32) = 8.18, p = 0.007, npz =0.20) with lower aver-
aged Y-BOCS scores in the CBT group and a group x time
interaction (F(1,32)=8.17, p=0.007, r]pz =0.20) due to
lower posttreatment Y-BOCS scores after CBT compared to
SSRIs. The greater symptom reduction with CBT resulted in
76% responders after CBT and 24% responders after SSRIs.
The group x time analysis of the other clinical scales only
showed a main effect of time for the HAM-A
(F(1,32)=40.17, p<0.001, #,>=0.56) and HAM-D

(F(1,32)=27.80, p<0.001, npz =0.47), with lower scores
after treatment.

3.2. Face Matching Task. The mean RT and accuracy indi-
cated that the task was performed correctly (Table S1). The
imaging analysis showed no baseline differences between
patients and healthy controls for the face vs. neutral
condition. First, we performed a group x time interaction
analysis comparing both OCD groups with healthy
controls, which showed no significant differences in
changes over time. Second, the group X time interaction
analysis with the two treatment groups (SSRI and CBT)
revealed a significant cluster in the cerebellum (Figure 1(a))
and a cluster extending from the left posterior insula to
Heschl’s gyrus (Figure 1(b)). Post hoc paired t-testing
showed that the interaction effect in the cerebellum was
based on significantly increased activity after treatment in
the CBT group (pFWE =0.021). The insula cluster also

showed a relative increase in the CBT group and a relative
decrease in the SSRI group, though these changes were not
significant. We found no significant effects in the ROIs
including the amygdala. All imaging results and statistics
are presented in Table 2.

3.3. Stop Signal Task. The mean inhibition accuracy of 55%
(SD =4%) indicated that the staircase procedure was success-
ful in balancing the number of successful and unsuccessful
inhibition trials. Repeated measures ANOVA with the fac-
tors group (SSRI, CBT, and HC) and time (baseline and fol-
low-up) showed no significant differences for the SSRT, SSD,
and RT on accurate go trials. Likewise, the accuracy on go tri-
als did not differ significantly between groups and over time.

We found no significant baseline imaging differences
between patients and healthy controls for successful vs.
failed stop trials. Similarly, the group x time interaction with
all patients versus controls showed no significant differences
in changes over time. The group x time interaction with the
two treatment groups (SSRI and CBT) showed a significant
cluster extending from the left insula to the caudate nucleus
(Figure 2(a)) and a cluster in the right lingual gyrus
(Figure 2(b)). Small volume correction for the predefined
ROIs showed additional significant clusters in the left OFC
(Figure 2(c)) and the left middle frontal gyrus
(Figure 2(d)). Post hoc paired t-testing showed that the
interaction effect in the insula cluster was based on a signif-
icantly increased activity after CBT (pFWE < 0.001). The
other clusters also showed a relative increase in activity after
CBT and a relative decrease in activity after SSRIs, but these
changes were not significant.

3.4. Symptom Provocation Task. Analyzing the subjective
distress ratings showed that the symptom provocation was
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FIGURE 2: Results of the stop signal task (successful inhibition > failed inhibition), with main effect of task (blue) and group by time analysis
with patients treated with cognitive behavioral therapy (CBT) compared to serotonin selective serotonin reuptake inhibitors (SSRIs) (red);
significant clusters in insula to caudate nucleus (a), lingual gyrus (b), orbitofrontal cortex (c), and middle frontal gyrus (d), with contrast

estimates + 1 SEM at the local maximum for illustration purposes.

successful in inducing subjective distress in both treatment
groups during the OCD and fear condition while there was
no main effect of time (Supplementary Results). We found
no baseline imaging differences between patients and
healthy controls for the OCD vs. neutral condition. The
group x time interaction between both patient groups and
controls showed a significant cluster in the right insula after
small volume correction (Figure 3(a)). Post hoc testing
showed that this result was based on a decrease in activity
after treatment in OCD patients p(SVC) < 0.001). Correla-
tion analysis did not show a significant association between
changes in BOLD activation and clinical improvement.
The group x time interaction with the two treatment groups
(SSRI and CBT) showed a significant cluster extending from
the right calcarine sulcus to the hippocampus (Figure 3(b)).
In contrast to the other results, this cluster showed a relative
decrease in the CBT group and a relative increase in the SSRI
group, but these changes were not significant.

3.5. Sensitivity Analysis. To ensure that these findings were
not influenced by medication status, we reanalyzed the data
after excluding the three patients who used medication at
baseline. The analyses confirmed all of our main results,
except the treatment-induced changes in the posterior insula
during face matching and the lingual gyrus during response
inhibition.

The main effect of time analyses in healthy controls
showed that there were no significant changes in brain func-
tion over time, indicating that there were no test-retest
effects or naturalistic changes during follow-up.

4. Discussion

This is the first study directly comparing the effects of phar-
macological and psychological treatment on brain activity in
OCD. Using task-based fMRI, we found that treatment with
CBT and SSRIs leads to partly opposite functional changes

in the brain, with a common reduction of insula activity dur-
ing symptom provocation. CBT led to increased activity in
the cerebellum and posterior insula during an emotional face
matching task, while treatment with SSRIs resulted in rela-
tive decreases in these areas. Moreover, CBT led to a relative
increase in activity in the lingual gyrus, OFC, and middle
frontal gyrus during response inhibition, compared to a rel-
ative decrease in these areas following SSRIs. Additionally,
CBT significantly increased activity in a cluster extending
from the caudate nucleus to the insula during response inhi-
bition. Contrasting effects were observed in the right hippo-
campus during symptom provocation, with increased
activity after SSRI treatment and decreased activity after
CBT. The only common effect was observed during symp-
tom provocation with reduced activity in the right insula
after treatment in general. Together, these results suggest
that psychological treatment works via increasing brain
activity in various areas of the brain, while pharmacological
treatment reduces activity in these same areas.

Our results are not fully in line with the hypothesis that
SSRIs work by dampening excessive limbic activity directly,
while CBT targets fronto-limbic dysfunction indirectly via
the engagement of dorsal prefrontal regions during cognitive
therapy or directly via exposure and response prevention [4].
Instead, we primarily observed opposite effects in cortical
brain regions with increased activity after CBT and
decreased activity after SSRIs, with little changes in limbic
brain regions. Thus, while CBT indeed appears to increase
prefrontal engagement, we found little evidence for the
dampening of limbic activity by SSRIs. Our results therefore
provide support for the generic hypothesis that CBT and
SSRIs have distinct working mechanisms but suggest those
are primarily related to opposite cortical effects with little
subcortical alterations. In fact, the differential treatment
effects on the hippocampus during symptom provocation
were even in the opposite direction, with increased activity
after SSRIs and decreased activity after CBT. Together, our
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FIGURE 3: Results of the symptom provocation (obsessive-compulsive disorder (OCD) condition > neutral condition), with main effect of
task (blue) and group by time analysis with OCD patients compared to healthy controls (green) and patients treated with cognitive
behavioral therapy (CBT) compared to serotonin selective serotonin reuptake inhibitors (SSRIs) (red); significant clusters in the insula
(a) and calcarine sulcus—hippocampus (b), with contrast estimates + 1 SEM at the local maximum for illustration purposes.

findings suggest that psychological treatment works via the
enhancement of compensatory cognitive mechanisms in
various cortical brain areas, while pharmacological treat-
ment dampens activity in these same areas through modu-
lating neurotransmission.

In contrast to previous studies suggesting that brain
changes following treatment were independent of treatment
modality [8-10], our results suggest that most treatment
effects are specific. We found significantly increased cerebel-
lar activity during emotional processing after CBT. Evidence
has emerged that the cerebellum is involved in emotional
and cognitive functions well beyond motor control
[32-36], and CBT has previously led to the normalization
of cerebellar function and structure in OCD patients
[37-39]. Our findings are located along the cerebellar ver-
mis, branching out to a lateral region of the posterior cere-
bellum (lobule VI), which is often referred to as the
“limbic cerebellum.” Lobule VI of the cerebellum is con-
nected with the salience network, which plays a central role
in detecting and filtering emotional stimuli and recruiting

relevant functional networks [40]. Evidence from lesion
studies indicates that the vermis is involved in the formation
of fear memory traces [41]. Therefore, cerebellar involve-
ment might reflect the forming of new associations during
CBT-related fear conditioning to facilitate appropriate
responses to new situations [41]. Although these interpreta-
tions remain preliminary, we suggest that involvement of the
cerebellum is involved not only in the pathophysiology of
OCD but also in CBT-induced recovery. During response
inhibition, additional significant clusters were found in the
lingual gyrus, OFC, and the middle frontal gyrus. These
results further support the hypothesis of CBT-related neural
engagement of frontal regions during response inhibition,
possibly leading to better control over unwanted compulsive
behaviors.

Although SSRIs showed the expected dampening of neu-
ral activity, we surprisingly found no treatment-induced
changes in the amygdala during emotional processing, nor
did we found baseline hyperactivity in OCD patients com-
pared to healthy controls. It has been suggested that
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conflicting findings regarding the involvement of the amyg-
dala in OCD are the result of patient characteristics (i.e.,
medication status) and low statistical power [29]. Our sensi-
tivity analyses indicated that these results could not be
explained by initial medication use. But although our sample
size is large compared to previous small sample studies, our
null finding could be the result of low statistical power.

In addition to the divergent effects, we found a common
treatment effect consisting of decreased activity in the right
insula during symptom provocation. The insula plays a role
in emotional processing in OCD [29] and has been linked
with OCD symptoms such as washing obsessions and dis-
gust induction [42-45]. Although previous studies con-
cluded that normalization of the CSTC circuit underlies
treatment response [5], our results now suggest that the
reduction of symptoms is also associated with decreased
insular activity during emotional processing. This might be
explained by the fact that previous studies mainly focused
on resting cerebral activity while we investigated the
response to emotional stimuli.

This study has several limitations. First, the difference in
response between treatments was larger than expected [3].
The results should therefore be interpreted with caution.
This was mainly due to the high success rate of the intensive
group CBT sessions (mean Y-BOCS difference =—-14.08,
SD =—6.78). Other possible explanations for the difference
in response could be the sample size or the fact that the
majority of patients refused randomization. Because the pre-
vious treatment history of both treatment groups was simi-
lar, we do not consider it likely that this has contributed to
the difference in treatment response. To address this limita-
tion, the analyses comparing both treatment groups were
corrected for individual differences in symptom reduction
by adding pre- and posttreatment Y-BOCS scores as a covar-
iate to the analysis. The results therefore primarily reflect
treatment effects rather than symptom improvement. Never-
theless, by correcting for the Y-BOCS as a covariate, we
might have missed brain areas in the comparison of both
treatment groups that are highly correlated with symptom
improvement. Second, the limited sample size and absence
of randomization might have introduced bias in our imaging
results. It is therefore important to state that these results are
preliminary and should be replicated by larger randomized
trials. Third, patients had various current or past comorbid
disorders. Although this is a normal representation of the
patient population, this might have affected our results.
Fourth, longitudinal studies are vulnerable to selection
biases as a result of loss of follow-up. We suspect that there
was limited selective dropout while only two patients
dropped out due to treatment-related factors (i.e., side effects
of medication and premature ending of CBT protocol).
Fifth, healthy controls were not screened for their family his-
tory of OCD, although previous research suggests that this
could affect brain activity during response inhibition [15].
Last, the CBT protocol consisted of both cognitive therapy
and exposure with response prevention to improve effective-
ness. However, this leads to the limitation that we cannot
differentiate the brain areas that are targeted by the different
components of CBT.

Depression and Anxiety

Despite these limitations, our results demonstrate mainly
divergent but also common brain changes during emotional
processing and inhibitory control, in response to psychother-
apy and pharmacotherapy in OCD. These findings provide
the first insight into the common and specific neural mecha-
nisms underlying treatment response, suggesting that CBT
and SSRIs support recovery from OCD along partly distinct
pathways.
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