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Background: Obsessive-compulsive disorder (OCD) has been related to worse

performance, abnormal brain activity, and functional connectivity during response

inhibition. Whether these findings are indications of stable traits that contribute to the

development of the disorder, or whether they are a result of the state severity of

obsessions and anxiety, remains unclear since previous research mainly has employed

cross-sectional designs. The present study aimed to assess longitudinal between- and

within-person relationships between symptoms, task performance, right inferior frontal

gyrus brain activation, and connectivity between the right amygdala and the right

pre-supplementary motor area in 29 OCD patients before and after concentrated

exposure and response prevention treatment.

Method: Patients received exposure and response prevention delivered during 4

consecutive days, following the Bergen 4-day Treatment format. Patients performed

a Stop Signal Task during 3T functional Magnetic Resonance Imaging the day before

treatment, as well as 1 week and 3 months after treatment completion. Multilevel models

were used to analyze disaggregated within- and between-person effects over time.

Independent variables were scores on the symptom severity scales for OCD, anxiety,

depression, and state distress during scanning. Dependent variables were reaction time

for go trials, stop signal response time, task-related brain activation and connectivity.

Results: A positive between-person effect was found for obsessive-compulsive,

anxiety, and depressive symptom severity on go trial reaction time, indicating

that patients with higher symptom scores on average respond slower during

accurate go trials. We also found no significant between- or within-person relations

between symptom severity and task-related activation or fronto-limbic connectivity.
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Conclusions: The between-person findings may point toward a general association

between slower processing speed and symptom severity in OCD. Longitudinal studies

should disaggregate between- and within-person effects to better understand variation

over time.

Keywords: obsessive-compulsive disorder, response inhibition, stop signal task, functional magnetic resonance

imaging, Bergen 4-day treatment, multilevel modeling

Obsessive-compulsive disorder (OCD) is characterized
by intrusive and persistent thoughts, images or impulses
(obsessions) and time-consuming repetitive behaviors or rituals
(compulsions) (1). The disorder affects approximately 1-3% of
the population worldwide (2), and is often highly impairing (3).
The majority of patients are affected before their mid-twenties,
and if untreated, the disorder is often chronic (4). Patients’ poor
control over obsessions and compulsions has been related to
problems in inhibitory control, which has been studied through
interference and response inhibition tasks (e.g., Go-no go task,
Stop Signal Task (SST), respectively) (5, 6).

Response inhibition is defined as “suppressing or resisting a
prepotent (automatic) response to make a less automatic but
task-relevant response” (7). In the SST, it refers to canceling an
already initiated motor response, when a stop signal occurs (8).
Deficits in response inhibition have been proposed as a possible
endophenotype for OCD as longer response times on inhibitory
tasks have been found in both OCD patients (8–10) and their
unaffected first-degree relatives compared to controls (9, 10).
Abnormal inhibitory processes in OCD patients compared to
healthy controls have also been found in a meta-analysis of
executive functioning in OCD patients (7). Whether this reflects
characteristics of having OCD regardless of symptom level, or
depends on the severity of disorder and thus will change after
successful treatment, is not known.

Neuroimaging studies of response inhibition have shown
functional activation in a fronto-parietal network, including the
pre-supplementary motor area (pre-SMA), inferior frontal gyrus
(IFG), caudate nucleus, thalamus, and subthalamic nucleus (11–
14). De Wit et al. (8) found altered task-related blood-oxygen
level dependent (BOLD) response during SST performance in
the pre-SMA in both OCD patients and their unaffected siblings
compared to healthy controls. Moreover, patients showed less
task-related activation in the right IFG and inferior parietal
cortex compared to healthy controls and siblings. In a recent
meta-analysis of functional Magnetic Resonance Imaging (fMRI)
studies on inhibition in OCD, Norman et al. (15) found that
patients showed increased inhibition related activity in the
parietal, temporal, and premotor cortices. They also found less
activation in patients than controls during successful inhibition
in striatum, anterior cingulate, frontal, and parietal cortices.
The inconsistent findings between studies of inhibition in OCD
could partly be explained by different studies using different
response inhibition tasks, which might measure different aspects
of response inhibition (5, 16). The Stop Signal and the Go/No go
tasks assessmotor inhibition, while tasks such as the Stroop Color
Word Test examine cognitive interference (5, 17). The motor

inhibition tasks also differ; the SST probes action cancellation,
while the Go/No go assesses action suppression (18). The SST has
more often than the Go/No go task shown behavioral differences
between OCD patients and healthy controls, which may indicate
that the SST taps more into the core pathology of OCD, namely
to cancel an already initiated action (5, 16).

Whether altered brain activity and task performance in
OCD are stable traits that contribute to the development
of the disorder, or whether they are a result of obsessions
and anxiety (i.e., state), remains unclear. A contemporary
mechanistic model, the “executive overloadmodel” (19), suggests
that worse neuropsychological performance could be related to
trait, limbic interference (state), or a combination of both, and
some neuroimaging studies offer support for this model (20–
23). This can be studied by investigating response inhibition
before and after clinical change using longitudinal assessments
in treatment studies.

OCD can be effectively treated using cognitive behavioral
therapy (CBT), including exposure-in vivo and response
prevention (ERP), and selective serotonin reuptake inhibitors
(SSRI) (24). Some treatment studies using CBT reported effects of
treatment on task performance (25–29), while others did not (30–
32). Some studies reported increased task-related BOLD signal
after treatment in the prefrontal, temporal and parietal cortices
and putamen (30), whereas others reported decreased task-
related activation after treatment in the frontal, temporal and
parietal lobes, and hippocampal gyrus (25), and decreased insula
activation (26). One study found abnormalities in inhibition-
related activation in the ACC, frontal cortices in pediatric
OCD patients compared with controls, that normalized after
treatment. A treatment effect was also found in the insula
during high-conflict trials, but only for older patients (26).
Electroencephalogram (EEG) studies of error-related negativity
(ERN) found increased ERN amplitudes during the Flanker
task in both pediatric (33) and adult (34, 35) patients and
their unaffected siblings compared to healthy controls, and this
difference remained after symptom improvement (33, 36). This
is in line with the finding of de Wit et al. (8) of more pre-
SMA activation in OCD patients and siblings as a possible
endophenotype of OCD.

We recently investigated task performance, activation and
functional connectivity in 24 OCD patients and 19 healthy
controls who performed the SST during fMRI before, 1 week
after, and 3 months after concentrated exposure treatment, the
Bergen 4-Day Treatment format (B4DT) (37, 38). We found
significantly less right IFG activation in OCD patients compared
to healthy controls during successful response inhibition before
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treatment. Pre-treatment, OCD patients also showed more
inhibition-related connectivity between the right amygdala and
the right pre-SMA than healthy controls. There were no
significant changes directly after treatment and 3 months later,
nor significant correlations with baseline symptom severity
or symptom improvement after treatment, suggesting that
inhibition-related neural correlates are stable markers of OCD
(37). Furthermore, an exploratorymultilevel analysis showed that
more right amygdala-right IFG connectivity was related to slower
stop signal reaction time (SSRT).

The study of Thorsen et al. (37) focused on differences
in performance, activation, and connectivity before and after
treatment using repeated-measures ANOVAs, which revealed
no significant changes in patients at the group level. However,
standard correlation, regression or ANOVA models do not
allow for separating variation between and within individuals,
and these methods are also limited in other ways. First,
calculating and correlating change scores is controversial since
they are highly dependent on the reliability and variance of the
measure (39, 40). Second, correlating change scores requires
a rapidly increasing number of tests for multiple time points,
independent and dependent variables. Third, patients with
incomplete information must be excluded, even though the data
might be missing in an unsystematic way (41). Fourth, change
scores contain information on both within-person variation
(how much a person varied from their own mean at each
time point) and between-person variability (e.g., persons with a
higher baseline score can have more change, since variables are
constrained within a specific range).

Researchers in clinical psychology and neuroimaging have
recently adopted longitudinal multilevel (mixed) models (MLM)
that solve many of these issues (42–44). First, the number of tests
is reduced by having one longitudinal model per independent
variable, where independent variables can have varying values
at each time point. Second, such models can use all available
information as long as data can be assumed to be missing at
random (41). Third, they can fit a variety of covariance structures,
so that measurement error can be allowed to correlate over time
(41). Lastly and most importantly for the present study, they also
allow for separating between- and within-person effects over time
(45). Between- and within-person effects can be disentangled by
person-centering the independent variable into two regressors:
(1) the between-person variable consists of the participant’s mean
score across time (e.g., mean symptom severity before treatment,
after, and at follow-up), and (2) the within-person variable is how
much the person varies from their own mean (e.g., how much
their symptoms are increased or decreased relative to their own
mean) at each time point. This allows for testing both whether
higher mean symptom severity across time and whether variation
within the person is related to the dependent variable (46).

In the present study we sought to disentangle between- and
within-person effects using longitudinal multilevel models. This
is a substantial extension of our previous report (37) and should
be regarded as exploratory due to its methodological novelty.
The first aim was to investigate whether between-person effects
of symptom severity and state anxiety with task performance,
IFG activation, and fronto-limbic connectivity during inhibition

TABLE 1 | Clinical and demographic variables.

Characteristic OCD patients (N = 29)

Age (years) (Mean) 30.9 (9.2)

Sex (n females [%]) 18 (62.1)

Years of education (Mean [SD]) 14.8 (2.4)

Pre-treatment YBOCS score (Mean [SD]) 26.83 (4.11)

Pre-treatment GAD-7 score (Mean [SD]) 12.62 (5.19)

Pre-treatment PHQ-9 score (Mean [SD]) 11.45 (6.13)

Psychotropic medication (n, [%]) 7 (24.1)

Right-handed (n [%]) 28 (96.5)

GAD-7, Generalized Anxiety Disorder 7; OCD, obsessive-compulsive disorder; PHQ9,

Patient Health Questionnaire-9.

could explain our previous findings (37). Second, we wanted to
investigate the relation intra-individual variation between these
variables over time. Finding significant between-person effects
would further strengthen the trait hypothesis, whereas significant
within-person effects could suggest that task performance and its
neural correlates can also covary with symptom severity at the
individual level, which can be complementary to between-person
effects. All analyses were longitudinal and included available
information from all three time points, which may provide
greater power than the traditional analyses in Thorsen et al. (37).

METHODS

Participants
We assessed 29 OCD patients who underwent the B4DT,
and performed a SST during fMRI 1 day before treatment,
3 days after (1 week after the initial scan session), and 3
months after treatment. Symptoms of OCD, anxiety, depression,
and subjective distress were independent variables. Dependent
variables were go trial and stop signal reaction time, task-related
BOLD signal in the right IFG during successful inhibition, and
task-related functional connectivity between the right pre-SMA
and the right amygdala during successful inhibition. Thirty
five patients with OCD were recruited after being admitted to
the B4DT at the Haukeland university hospital OCD-team in
Bergen, Norway. The mean pre-treatment Yale-Brown Obsessive
Compulsive Scale (YBOCS) score was 26.83. Seven patients
used psychotropic medication pre-treatment, and continued
on a stable dosage throughout treatment and follow-up. See
Table 1 for clinical and demographic variables. The study was
approved by the local ethics board (REC South-East, 2015/936),
and all participants gave written consent before participation in
the study.

Longitudinal (at least 2 time points) behavioral and brain
imaging data were available for 29 participants. Of the
35 participants originally included, two participants did not
complete the task at baseline due to discomfort or reading
difficulties. Three patients only participated in the pre-treatment
session. Two of these were unable to complete imaging due to
discomfort during imaging, and the third was not motivated
for further participation after recovery. One patient participated
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in the pre-treatment and follow-up sessions, but was excluded
from the behavioral analyses because of too many errors on
the go trials during the follow-up session. Twenty four of the
patients included in the longitudinal analyses had behavioral
and brain imaging data for all three time points. Of the five
included patients with data for only two time-points, one
declined participation in the follow-up fMRI session, and two
did not participate in the follow-up fMRI session because of
pregnancy. The remaining two had data for all three time
points, but each had one of their sessions excluded from the
analyses due to excessive movement. All participants completed
the B4DT.

Assessment
fMRI was conducted the day before treatment started (Monday),
3 days after the end of treatment (the following Monday), and 3
months after treatment.

Symptom severity was measured with YBOCS (47), and
changes in symptom severity were measured at 1 week, and
at 3 months follow-up. The interview was performed via
telephone at each time point by trained clinical psychologists
who were not involved in the treatment. Depressive symptoms
were assessed with the Patient Health Questionnaire-9 (PHQ-
9) (48), and severity of general anxiety symptoms were
measured with the Generalized Anxiety Disorder 7-item (GAD-
7) scale (49). PHQ-9 and GAD-7 are self-report forms that
the patients completed at all time points. A total Y-BOCS
score lower than 13 was defined as clinical remission, whereas
response was defined as at least 35% reduction on the Y-
BOCS (50). Upon completing each MRI sequence, participants
were asked to verbally report their subjective level of distress
on a scale from 0–100, where 100 represents the highest
stress level imaginable, using the Subjective Units of Distress
Scale (SUDS).

Stop Signal Task
The participants performed a visual SST (51) during fMRI, where
they responded to an arrow by pressing a button held in either
their right or left hand, corresponding to the direction of the
arrow. The participants were instructed to press as fast and
correctly as possible when they saw the arrow (“go trial”), but
to refrain from pressing the button if a cross appeared over
the arrow (“stop trial”). The time between the appearance of
the arrow and the cross during stop trials was continuously
adjusted to make sure that the participants had a success rate of
approximately 50%. The task lasted approximately 15min, and
was performed during the last half-hour of an MRI session with
a total duration of 1 h.

The mean response time of correct go trials (SucGoRT) and
the stop signal response time (SSRT) were used as behavioral
measures in the analyses. Participants with<40% correct go trials
or failed stop trials outside of the 25–75% range were excluded
from the analyses (52). The integration method was used to
calculate the reaction time for stop trials to ensure a more reliable
estimate of the SSRT (53).

Image Acquisition and Processing
fMRI images were acquired using a 3TGeneral Electric Discovery
MR750 with an eight-channel head coil at Haukeland university
hospital, Bergen, Norway. Structural T1-weighted images were
acquired using a 256 × 256 matrix, 192 slices, isotropic voxel
size 1 mm3, TE = 30ms, TR = 7,000ms, flip angle = 12◦,
FoV = 256mm. Functional images were acquired in 430 T2-
weighted BOLD volumes, using a 64 × 64 matrix, 34 slices
(2.8mm thickness, 0.2mm interslice gap), isotropic voxel size 3
mm3, TR= 2100ms, TE= 30ms, flip angle= 80◦, FoV= 22mm
with interleaved slice excitation.

As described in Thorsen. et al. (37), SPM12 was used for
preprocessing of the functional data. The data were slice time
corrected, realigned and motion corrected. Unified segmentation
was used for normalization, and voxels were resliced to 3 mm3

and smoothed to 8mmwith a full width at half maximum kernel.
Accurate go and stop trials, and failed stop trials were modeled
as 0 s events, together with six motion parameters at the first
level. Then, to remove low frequency noise, a high pass filter
with 128 s cutoff was applied. We investigated the following
regions of interest using 10mm spheres: the bilateral anterior
insula/IFG, pre-SMA, operculum, inferior parietal cortex, and
midline posterior cingulate cortex for successful inhibition, based
on the results from a recent meta-analysis of the SST (14). For the
present study we extracted parameter estimates during successful
stop > successful go trials from the IFG (MNI 42, 23,−13).

The generalized psychophysiological interaction toolbox
[gPPI, (54)] was used to model task-related functional
connectivity, with the right (MNI 23, 0, −16) amygdala as
a spherical 5mm seed region. The PPI models included time
course of the seed region, the three task regressors, three PPI
regressors, and six motion parameters. Then, group comparisons
were performed by entering successful inhibition (SucStop >

SucGo) contrasts for activation and connectivity into second-
level models. For the present study connectivity estimates were
extracted from the right pre-SMA (MNI 3, 23, 56) using 6mm
spheres around the peak group differences from Thorsen et al.
(37), using MarsBar.

Statistical Analyses
For the exploratory analyses, a linear mixed effects model in
SPSS 24 was used. Time specific outcome levels were analyzed
as a function of between- and within-person predictors. Chi-
square likelihood ratio tests were used to determine the best
fitting covariance structure, and whether to use fixed or random
intercept and slopes. All models were first tested with a scaled
identity covariance structure and fixed intercepts and slopes.
Different covariance structures and random intercepts and slopes
where then sequentially tested until the best fit was reached (see
Table 3 for information on intercepts and slopes used for each
model). Maximum likelihood was used as estimation method.
In line with Wang & Maxwell (55), person-mean-centering
was considered the most appropriate disaggregation method of
within-person and between-person effects. Since symptom scores
were expected to change over time due to treatment, detrending
was not applied (55).
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FIGURE 1 | Method. (A) Reaction time during go trials (SucGoRT, left) and inferred reaction time on stop trials (SSRT, calculated using the integration method). (B)

Visualization of regions of interest. Extracted beta values of task-related IFG activation and task-related connectivity between the right pre-SMA and the right amygdala

were used as dependent variables. (C) Example of how the variables are organized when investigating between- and within-person effects. The between-person

variable consists of the person’s mean of their scores on each measurement time, while the within-person variable consists of the individual’s deviation from their own

mean score on each time point. This allows for the investigation of whether one or both of the variables predict variation in the dependent variable.

To examine the study hypotheses, OCD symptom severity
(as measured by YBOCS), general anxiety symptoms (as
measured by GAD-7), depressive symptoms (as measured by
PHQ-9) and subjective distress during the entire MRI session
(as measured by SUDS) were used as independent variables.
These variables were person-mean and person centered in
order to study between-person and within-person components
of the clinical variables. Each of the clinical variables were
modeled with the following dependent variables: behavioral
variables were the SSRT and SucGoRT, while BOLD signal
in the right IFG during successful stop-trials vs. successful
go-trials was used as the dependent variable for task-related
brain activity. Task-related functional connectivity was the
psychophysiological interaction for connectivity between the
right amygdala and the right pre-SMA during successful stop-
trials vs. successful go-trials (see Figure 1 for an overview
of the methods). As this was an exploratory study and the
first of its kind to investigate variation in levels of brain

activation and response inhibition after treatment, adjustment
for multiple comparisons was not applied. This choice was
made in order to facilitate novel discoveries, based on the
recommendations of Bender and Lange (56) and Abramovitch
and colleagues (18). They argue that exploratory studies should
be performed with more lenient thresholds when there is little
research to base confirmatory, theory-testing studies on. The
reader should therefore bear in mind that the results should
be interpreted cautiously, and need further investigation to
be confirmed.

Data from three time points was available for 24OCDpatients,
and five additional participants had data from two time points. As
multilevel models do not require complete data sets (57), all the
29 OCD patients that had data for more than one time point were
included in the analyses. There was one statistical outlier (SD >

3) on the SSRT variable at pre-treatment, but exclusion of this
participant at that time point did not significantly alter the results
of the analysis. Thus, in order to obtain as much statistical power
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TABLE 2 | Means for clinical change and change in behavior, brain activation, and connectivity.

Mean (SD)

pre-treatment

Mean (SD)

3 days post-treatment

Mean (SD) 3

months post-treatment

Effect of time Partial eta squared

YBOCS 26.93 (4.15) 10.46 (5.95) 10.50 (6.41) F (2, 57.27) = 127.17, p <.01 0.816

GAD-7 12.43 (5.18) 8.72 (4.63) 7.30 (4.74) F (2 50.26) = 18.90, p < 0.01 0.429

PHQ-9 11.11 (5.95) 8.72 (5.89) 8.05 (5.32) F (2, 48.44) = 4.28, p = 0.02 0.150

SUDS 27.25 (15.91) 23.65 (14.57) 20.51 (13.60) F (2, 56.2) = 2.89, p = 0.06 0.093

SucGoRT 513.72 (106.02) 506.50 (116.72) 496.39 (102.35) F (2, 55.44) = 0.72, p = 0.49 0.025

SSRT 197.31 (36.22) 193.45 (37.08) 191.88 (43.78) F (2, 55.59) = 0.31, p = 0.73 0.011

R. IFG activation 1.12 (1.13) 0.95 (1.08) 0.97 (1.04) F (2, 52.84) = 0.28, p = 0.76 0.010

R. amygdala – R.

pre-SMA connectivity

0.37 (0.87) −0.05 (1.02) 0.31 (1.23) F (2, 82.00) = 1.36, p = 0.26 0.032

GAD-7, Generalized Anxiety Disorder 7; IFG, Inferior frontal gyrus; PHQ-9, Patient Health Questionnaire-9; R, Right; SMA, supplementary motor area; SucGoRT, Response time on

successful go trials; SSRT, Stop Signal Response Time; SUDS, Subjective Units of Distress Scale; YBOCS, Yale-Brown Obsessive Compulsive Scale.

as possible for each time point, the participant was included in
the analysis.

RESULTS

Clinical Changes Over TIME
After the B4DT, 18 (62.1%) of the patients were in remission,
7 (24.1%) were responders and 4 (13.8%) had no clinically
significant change. Multilevel models showed that the patients’
obsessive-compulsive symptoms showed a statistically significant
decrease after treatment (F = 127.17, p < 0.01). Anxiety levels
also showed a statistically significant decrease after treatment
(F = 18.90, p < 0.01), and the same was true for depressive
symptoms (F = 4.28, p = 0.02), but not for subjective distress
during fMRI (F = 2.89, p = 0.06). See Table 2 for means and
standard deviations at each time point.

SST Performance, Task-Related Activation,
and Connectivity Over Time
Similar to Thorsen et al. (37), multilevel analyses showed that task
performance, including SucGoRT (F = 0.72, p= 0.49) and SSRT
(F = 0.31, p = 0.73) did not significantly change after treatment.
There were also no significant changes for task-related activity in
the right IFG (F = 0.28, p = 0.76) or connectivity between the
right amygdala and the right pre-SMA (F = 1.36, p = 0.26). See
Table 2 for means and standard deviations at each time point.

Within-Person Effects
We found no significant within-person effects for task-related
activation in the right IFG, or connectivity between the right
amygdala and right pre-SMA.

Between-Person Effects
Severity of obsessive-compulsive symptoms (B = 5.29, 95% CI
[0.05–10.54], p = 0.048, R2

= 0.045), severity of anxiety (B
= 5.78, 95% CI [0.63–10.94], p = 0.028, R2

= 0.080), and
severity of depressive symptoms (B = 4.86, 95% CI [0.61–
9.10], p = 0.026, R2

= 0.054) showed statistically significant
positive correlations with SucGoRT (Table 3). Thus, when levels

of obsessive-compulsive symptoms, anxiety and depression in
patients are high across time, their SucGoRT in general is slower.

DISCUSSION

The present study used a novel statistical framework to separate
between- and within-person effects on task performance, task-
related IFG activation and fronto-limbic connectivity in 29
OCD patients who performed a SST during fMRI 1 day before
treatment, 3 days after treatment (1 week after the initial scan),
and 3 months after treatment.

We found significant positive between-person relationships
between obsessive-compulsive, anxiety, and depression
symptom severity and SucGoRT, which persisted after
symptom improvement. This indicates that patients with
more severe obsessive-compulsive, anxiety, and depressive
symptoms in general respond slower during successful go
trials. These findings may point toward a stable relation
between slower processing speed and generally higher levels of
OCD symptoms.

OCD patients have been found to show mild to moderate
problems in broad areas of executive function, including
response inhibition and processing speed (7), and a recent meta-
analysis showed that symptom severity to some extent may affect
response time and other neuropsychological measures, though
the degree of explained variance is likely small and the majority
of studies did not find a significant association (58). There are
inconsistent findings of treatment effects on neuropsychological
performance, where some studies reported that pre-treatment
abnormal task performance (compared with healthy controls)
remained after CBT (25, 26, 31, 32), while other studies found
improvements after CBT (27–30). One possible explanation for
the inconsistent results in treatment studies may be that previous
findings represent a mixture of between- and within-person
effects. Our findings suggest that the higher severity in several
symptom scales is related to longer SucGoRT, and this effect is
independent of changes in symptom severity over time. However,
the finding warrants replication in studies which separate within-
and between person effects.
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TABLE 3 | Within- and between-person effects.

Predictor variable Outcome variable Type of effect B (SE) t p 95% CI R2 Covariance

structure

Intercept & slope

Lower Upper

YBOCS SucGoRT BP 5.29 (2.64) 2.01 0.048 0.05 10.54 0.045 Diagonal Fixed intercept,

fixed slope

GAD-7 SucGoRT BP 5.78 (2.59) 2.23 0.028 0.63 10.94 0.080 Diagonal Fixed intercept,

fixed slope

PHQ-9 SucGoRT BP 4.86 (2.13) 2.28 0.026 0.61 9.10 0.054 Diagonal Fixed intercept,

fixed slope

SUDS SucGoRT Not significant

YBOCS SSRT Not significant

GAD-7 SSRT Not significant

PHQ-9 SSRT Not significant

SUDS SSRT Not significant

YBOCS R. IFG activation Not significant

GAD-7 R. IFG activation Not significant

PHQ-9 R. IFG activation Not significant

SUDS R. IFG activation Not significant

YBOCS R. amygdala – R.

pre-SMA connectivity

Not significant

GAD-7 R. amygdala – R.

pre-SMA connectivity

Not significant

PHQ-9 R. amygdala – R.

pre-SMA connectivity

Not significant

SUDS R. amygdala – R.

pre-SMA connectivity

Not significant

R. amygdala – R.

pre-SMA connectivity

SSRT Not significant

R. amygdala – R.

pre-SMA connectivity

SucGoRT Not significant

R. IFG activation SSRT Not significant

R. IFG activation SucGoRT Not significant

BP, Between-person effect; GAD-7, Generalized Anxiety Disorder 7; IFG, Inferior frontal gyrus; PHQ-9, Patient Health Questionnaire-9; R, Right; SMA, supplementary motor area;

SucGoRT, Response time on successful go trials; SSRT, Stop Signal Response Time; SUDS, Subjective Units of Distress Scale; YBOCS, Yale-Brown Obsessive Compulsive Scale; WP,

Within-person effect.

Few studies have investigated the relation between the
severity level of obsessive-compulsive and anxiety symptoms,
task performance, brain activation, and connectivity, leaving few
comparable studies. As such, the findings warrant replication
in an independent sample. There were no significant between-
or within-person relationships between symptoms of depression
or state anxiety and connectivity between the amygdala and
the right pre-SMA. Thus, between-person variation in symptom
severity does not seem to account for the connectivity differences
between OCD patients and healthy controls found in other
studies (23, 37).

There were also no significant within- or between-person
relationships between any of the clinical variables and SSRT.
Previous studies have pointed toward altered inhibitory
performance as a possible trait in OCD (8–10). However, the
null-finding of the present study is likely related to the fact that
the patients in our sample did not show abnormal inhibitory
performance compared with healthy controls (37). Considering
that patients did not differ from controls before treatment, we
find little evidence of poor inhibition as a trait in our sample.

Furthermore, one would not expect a change after treatment
when there was no pre-treatment difference between patients
and controls. Thus, these findings warrant replication.

Even though previous studies (8, 37) found group differences
between patients and healthy controls in inhibition-related
BOLD response in the right IFG, the present study found no
association between the mean level of severity of symptoms over
time (between-person relationship) or intra-individual variation
in levels of symptom scores (within-person relationship) and
right IFG activation in the patient group. Thus, we found no
evidence supporting that the previously observed group effects
(8, 37) are mediated by general levels of symptom severity or
that treatment-induced symptom reduction affects the level of
IFG activation. This suggests that altered right IFG activation is a
stable marker in OCD patients.

There are several limitations in this study. First, the sample
size is small, warranting replication in larger samples. Second,
the pre-treatment variation in YBOCS scores was low (all
patients were moderately to severely affected), and the majority
of the patients showed significant clinical improvement after
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the B4DT (with little variation in treatment response). Third,
being an exploratory study, the results have not been corrected
for multiple comparisons to avoid type II errors. The fourth
limitation of this study is the number of measurement times.
Using MLM, three time points is the minimum amount of
measurements to perform analyses, and preferably one should
include more time points than this. Our study design only
included the minimum amount, which renders the results less
robust than if we had more time points. This is especially true for
the detection of within-person effects, and should be taken into
consideration in the design of future studies that aim to replicate
these findings.

Using disaggregation of within-person and between-person
variables we have investigated potential longitudinal associations
between general levels of, and variability in, clinical measures
and response inhibition, related brain activity and functional
connectivity. This type of analyses may offer further insight
into whether and how general levels of obsessive-compulsive,
anxiety, and depression symptom severity and subjective distress
affect SST performance and related brain activation and
connectivity, and whether the outcome variables are affected
by intra-individual variability in the clinical predictors. This
exploratory study found evidence for effects driven by between-
person relationships between symptom severity and reaction
time in OCD patients. Treatment studies should disaggregate
between- and within-person effects of clinical variables to better
understand how each of these affect inhibitory performance and
related brain activation and connectivity over time in OCD.

DATA AVAILABILITY STATEMENT

The datasets for the study are not publicly available due to the
restrictions by Norwegian legislation for privacy protection.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by Regional Commitee for Medical and
Health Research Ethics South-East. The patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

GK and BH developed the B4DT. GK, BH, OH, SW, and AT
developed the fMRI study design. KH coordinated the study
and did the clinical assessment. AT and PH carried out the
data collection and performed data analyses. PH wrote the
first draft of the manuscript. AT, OH, OO, RG, GK, BH, SW,
and KH supervised, edited, and contributed to finalizing the
manuscript. All authors contributed to the article and approved
the submitted version.

FUNDING

This study was supported by grants 911754 and 911880 from
Helse Vest Health Authority (to GK).

REFERENCES

1. American Psychiatric Association. Diagnostic and Statistical Manual

of Mental Disorders. (2013) Washington, DC: American Psychiatric
Association. doi: 10.1176/appi.books.9780890425596

2. Ruscio AM, Stein DJ, Chiu WT, Kessler RC. The epidemiology of obsessive-
compulsive disorder in the National Comorbidity Survey Replication. Mol

Psychiatry. (2010) 15:53–63. doi: 10.1038/mp.2008.94
3. Huppert JD, SimpsonHB, Nissenson KJ, LiebowitzMR, Foa EB. Quality of life

and functional impairment in obsessive-compulsive disorder: a comparison
of patients with and without comorbidity, patients in remission, and healthy
controls. Depress Anxiety. (2009) 26:39–45. doi: 10.1002/da.20506

4. Stein DJ, Costa DL, Lochner C, Miguel EC, Reddy YJ, Shavitt RG,
et al. Obsessive-compulsive disorder. Nat Rev Dis Primers. (2019)
5:52. doi: 10.1038/s41572-019-0102-3

5. van Velzen LS, Vriend C, de Wit SJ, van den Heuvel OA. Response inhibition
and interference control in obsessive-compulsive spectrum disorders. Front
Hum Neurosci. (2014) 8:419. doi: 10.3389/fnhum.2014.00419

6. Norman LJ, Carlisi C, Lukito S, Hart H, Mataix-Cols D,
Radua J, et al. Structural and functional brain abnormalities in
attention-deficit/hyperactivity disorder and obsessive-compulsive
disorder: a comparative meta-analysis. JAMA Psychiatry. (2016)
73:815–25. doi: 10.1001/jamapsychiatry.2016.0700

7. Snyder HR, Kaiser RH, Warren SL, Heller W. Obsessive-compulsive disorder
is associated with broad impairments in executive function: a meta-analysis.
Clin Psychol Sci. (2015) 3:301–30. doi: 10.1177/2167702614534210

8. de Wit SJ, de Vries FE, van der Werf YD, Cath DC, Heslenfeld DJ, Veltman
EM, et al. Presupplementary motor area hyperactivity during response
inhibition: a candidate endophenotype of obsessive-compulsive disorder. Am
J Psychiatry. (2012) 169:1100–8. doi: 10.1176/appi.ajp.2012.12010073

9. Chamberlain SR, Fineberg NA, Menzies LA, Blackwell AD, Bullmore ET,
Robbins TW, et al. Impaired cognitive flexibility and motor inhibition
in unaffected first-degree relatives of patients with obsessive-compulsive
disorder. Am J Psychiatry. (2007) 164:335–8. doi: 10.1176/ajp.2007.164.2.335

10. Menzies L, Achard S, Chamberlain SR, Fineberg N, Chen CH, Del Campo
N, et al. Neurocognitive endophenotypes of obsessive-compulsive disorder.
Brain. (2007) 130:3223–36. doi: 10.1093/brain/awm205

11. Aron AR. From reactive to proactive and selective control: developing a
richer model for stopping inappropriate responses. Biol Psychiatry. (2011)
69:e55–68. doi: 10.1016/j.biopsych.2010.07.024

12. Boehler CN, Appelbaum LG, Krebs RM, Hopf JM, Woldorff MG. Pinning
down response inhibition in the brain–conjunction analyses of the Stop-signal
task. Neuroimage. (2010) 52:1621–32. doi: 10.1016/j.neuroimage.2010.04.276

13. Chikazoe J. Localizing performance of go/no-go tasks to
prefrontal cortical subregions. Curr Opin Psychiatry. (2010)
23:267–72. doi: 10.1097/YCO.0b013e3283387a9f

14. Cieslik EC, Mueller VI, Eickhoff CR, Langner R, Eickhoff SB.
Three key regions for supervisory attentional control: evidence
from neuroimaging meta-analyses. Neurosci Biobehav Rev. (2015)
48:22–34. doi: 10.1016/j.neubiorev.2014.11.003

15. Norman LJ, Taylor SF, Liu Y, Radua J, Chye Y, De Wit SJ, et al. Error
processing and inhibitory control in obsessive-compulsive disorder: a meta-
analysis using statistical parametric maps. Biol Psychiatry. (2019) 85:713–
25. doi: 10.1016/j.biopsych.2018.11.010

16. Littman R, Takács Á. Do all inhibitions act alike? A study
of go/no-go and stop-signal paradigms. PLoS ONE. (2017)
12:e0186774. doi: 10.1371/journal.pone.0186774

17. Gruner P, Pittenger C. Cognitive inflexibility in obsessive-
compulsive disorder. Neuroscience. (2017) 345:243–
55. doi: 10.1016/j.neuroscience.2016.07.030

Frontiers in Psychiatry | www.frontiersin.org 8 March 2021 | Volume 12 | Article 519727

https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1038/mp.2008.94
https://doi.org/10.1002/da.20506
https://doi.org/10.1038/s41572-019-0102-3
https://doi.org/10.3389/fnhum.2014.00419
https://doi.org/10.1001/jamapsychiatry.2016.0700
https://doi.org/10.1177/2167702614534210
https://doi.org/10.1176/appi.ajp.2012.12010073
https://doi.org/10.1176/ajp.2007.164.2.335
https://doi.org/10.1093/brain/awm205
https://doi.org/10.1016/j.biopsych.2010.07.024
https://doi.org/10.1016/j.neuroimage.2010.04.276
https://doi.org/10.1097/YCO.0b013e3283387a9f
https://doi.org/10.1016/j.neubiorev.2014.11.003
https://doi.org/10.1016/j.biopsych.2018.11.010
https://doi.org/10.1371/journal.pone.0186774
https://doi.org/10.1016/j.neuroscience.2016.07.030
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Hagland et al. Response Inhibition in OCD

18. Abramovitch A, Mittelman A, Tankersley AP, Abramowitz JS, Schweiger
A. Neuropsychological investigations in obsessive-compulsive disorder: a
systematic review of methodological challenges. Psychiatry Res. (2015)
228:112–20. doi: 10.1016/j.psychres.2015.04.025

19. Abramovitch A, Dar R, Hermesh H, Schweiger A. Comparative
neuropsychology of adult obsessive-compulsive disorder and
attention deficit/hyperactivity disorder: implications for a novel
executive overload model of OCD. J Neuropsychol. (2012)
6:161–91. doi: 10.1111/j.1748-6653.2011.02021.x

20. van den Heuvel OA, Mataix-Cols D, Zwitser G, Cath DC, Van
Der Werf YD, Groenewegen HJ, et al. Common limbic and
frontal-striatal disturbances in patients with obsessive compulsive
disorder, panic disorder and hypochondriasis. Psychol Med. (2011)
41:2399–410. doi: 10.1017/S0033291711000535

21. de Vries FE, de Wit SJ, Cath DC, van der Werf YD, van der Borden V,
van Rossum TB, et al. Compensatory frontoparietal activity during working
memory: an endophenotype of obsessive-compulsive disorder. Biol Psychiatry.
(2014) 76:878–87. doi: 10.1016/j.biopsych.2013.11.021

22. Heinzel S, Kaufmann C, Grützmann R, Hummel R, Klawohn J, Riesel A, et
al. Neural correlates of working memory deficits and associations to response
inhibition in obsessive compulsive disorder. Neuroimage Clin. (2018) 17:426–
34. doi: 10.1016/j.nicl.2017.10.039

23. van Velzen LS, de Wit SJ, Curcić-Blake B, Cath DC, de Vries FE,
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