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Abstract

Objective—Deficits in cognitive flexibility and response inhibition have been linked to

perturbations in cortico-striatal-thalamic circuitry in adult obsessive-compulsive disorder (OCD).

Although similar cognitive deficits have been identified in pediatric OCD, few neuroimaging

studies have been conducted to examine its neural correlates in the developing brain. In this study,

we tested hypotheses regarding group differences in the behavioral and neural correlates of

cognitive flexibility in a pediatric OCD and a healthy comparison (HC) sample.

Method—In this functional magnetic resonance imaging (fMRI) study, a pediatric sample of 10-

to 17-year-old subjects, 15 with OCD and 20 HC, completed a set-shifting task. The task,

requiring an extradimensional shift to identify a target, examines cognitive flexibility. Within each

block, the dimension (color or shape) that identified the target either alternated (i.e., mixed) or

remained unchanged (i.e., repeated).

Results—Compared with the HC group, the OCD group tended to be slower to respond to trials

within mixed blocks. Compared with the HC group, the OCD group exhibited less left inferior

frontal gyrus/BA47 activation in the set-shifting contrast (i.e., HC > OCD, mixed versus repeated);

only the HC group exhibited significant activation in this region. The correlation between set

shifting-induced right caudate activation and shift cost (i.e., reaction time differential in response
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to mixed versus repeated trials) was significantly different between HC and OCD groups, in that

we found a positive correlation in HC and a negative correlation in OCD.

Conclusions—In pediatric OCD, less fronto-striatal activation may explain previously

identified deficits in shifting cognitive sets.
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According to the DSM-IV, both adult and pediatric obsessive-compulsive disorder (OCD)

are characterized by repetitive intrusive thoughts and compulsive behaviors,1 symptoms that

may arise from the inability to shift cognitive sets or to inhibit repetitive behaviors. In other

words, individuals with OCD may have difficulty abandoning a particular cognitive state or

behavioral pattern, causing marked distress and impairment. Numerous studies demonstrate

that adults with OCD have deficits in cognitive flexibility and response inhibition. For

example, adults with OCD perform significantly worse than healthy controls on the

Wisconsin Card Sort (WCST),2-4 reversal learning,5 task-switching,6 set-shifting,3,7-9 and

response inhibition tasks.10-12 Although these deficits in cognitive flexibility have been

linked to less frontal-striatal activity in adult OCD,5,6,13,14 few behavioral and imaging

studies have been conducted in pediatric OCD samples. The few extant reports in pediatric

OCD are consistent with findings in studies of adult OCD. In behavioral studies, compared

with healthy pediatric controls, children and adolescents with OCD had more perseverative

errors on the WCST15 and more response inhibition errors during an antisaccade task.16 In

neuroimaging studies, compared with healthy boys, boys with OCD showed less inferior

frontal cortex activation during task switching17 as well as less caudate and orbitofrontal

cortex (OFC) activation in response to successful inhibition during a stop/signal task.18 The

task-switching paradigms involve shifting both cognitive tasks and motor response

mappings; therefore, additional neuroimaging studies in pediatric OCD are needed to

investigate neural correlates of cognitive flexibility isolating deficits during cognitive from

motor shifts.

In this study, we used a set-shifting task19 to test hypotheses regarding group differences in

the behavioral and neural correlates of cognitive flexibility. To this end, we examined the

ability to shift attention between stimulus dimensions (i.e., color and shape) in healthy and

OCD-affected pediatric samples during functional magnetic resonance imaging (fMRI)

acquisition. Based on previous literature,6,17,18 we hypothesized that youth with OCD would

have impaired performance evidenced by lower accuracy rates or slower reaction times

when shifting between cognitive sets and abnormal orbitofrontal/inferior frontal gyrus and

striatal activation during this set-shifting task.

Method

Participants

Using advertisements at local outpatient OCD clinics and in the community, individuals 10

to 17 years old were recruited to participate in this neuroimaging experiment as paid

volunteers. All participants were English speaking, had normal or corrected-to-normal
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vision, and denied current or past history of head injury, learning disability, medical illness,

and substance abuse/dependence. Before enrollment, written informed consent was obtained

from a parent/legal guardian and written informed assent was obtained from the child/

adolescent participant. All study procedures were performed in accordance with the Human

Research Committees at McLean Hospital and Partners Healthcare System.

The Kiddie Schedule for Affective Disorders and Schizophrenia (KSADS-PL) was

administered to all participants and their parents.20 All individuals included in the healthy

comparison (HC) group were free of any past or current Axis I psychiatric disorder and

psychotropic medications. Individuals included in the OCD group met DSM-IV criteria for

this disorder.1 For feasibility and ethical reasons, entry criteria for the OCD group allowed

comorbid disorders, as well as use of specified psychotropic medications (e.g., serotonin

reuptake inhibitors, antidepressants, mood stabilizers) at the time of scanning; however,

neuroleptic (e.g., traditional and atypical antipsychotic) medications were exclusionary. For

all participants, symptom severity was measured using the Child Yale-Brown Obsessive

Compulsive Scale (CY-BOCS), Child Depression Inventory (CDI), Spielberger State-Trait

Inventory-Child Version (STAIC), and the Yale Global Tic Severity Scale (YGTSS).21-25

The final study sample included 15 individuals with OCD and 20 HC subjects, matched for

age, gender, and handedness. This final sample was obtained after data from participants

were excluded for poor behavioral response (four OCD, one HC) and technical problems

(one HC). None of the subjects were excluded for excessive head movement (3-mm

translational movement or 1.5° rotation in any direction). The OCD group endorsed the

following current symptoms, based on the CYBOCS, within previously identified symptom

dimensions: aggression, sexual, religious, somatic obsessions/checking (n = 9), symmetry/

ordering/repeating (n = 8), contamination/washing (n = 7), and hoarding (n = 3).26,27 The

individual symptom subtype totals exceed the number of subjects in the OCD sample

because several individuals endorsed multiple symptoms spanning the different subtypes.

The following comorbid illnesses were present in the OCD group: generalized anxiety

disorder (n = 2), simple phobia (n = 2), agoraphobia (n = 1), major depression (n = 2),

depression-NOS (n = 1), Tourette's disorder (n = 1), and attention-deficit/hyperactivity

disorder (n = 2). The primary medications taken by OCD subjects were selective serotonin

reuptake inhibitors (n = 12) and tricyclic antidepressants (n = 3). In addition, several

individuals were taking secondary medications, including the following: mood stabilizers (n

= 3), stimulants (n = 4), desyrel (n = 1), clonidine (n = 1), memantine (n = 1), atomoxetine

(n = 1), and lorazepam (n = 1). Group characteristics are outlined in Table 1.

Set-Shifting Task Procedure

During scanning, participants viewed a stimulus display that consisted of three objects

presented on a black background.19 One of the three objects differed from the other two

objects in either shape (e.g., square or circle) or color (e.g., gray or white) (Figure 1). With

their right hand, participants were instructed to press the button mapped to the location of

the unique object. The index, middle, and ring fingers were used to signal, via button press,

that the left, the middle, or the right object was unique. Participants were not told that either
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of two attributes (color or shape) could identify the unique object; therefore, the subjects had

to learn the two rules to select the unique object.

Two runs of the set-shifting task were completed. Trials were presented in a block design. In

mixed (M) blocks, the identifying attribute on successive trials alternated between shape and

color. In repeated blocks, the identifying attribute, either shape (S) or color (C), was

consistent across the entire block. Each run was flanked by blocks of low-level fixation (+)

to serve as baseline. Each of the four block types (fixation, shape, color, and mixed) was

presented a total of four times during the experiment. The order of blocks for each run was

as follows: Run 1: +SCMMCS+, Run 2: +CSMMSC +. Each 30-s block consisted of 15

trials of 2-s duration. For each trial, the stimulus display was presented for 500 ms, with a

1500 ms interstimulus interval.

Apparatus

Using a Dell Inspiron 6000 laptop computer with Intel Pentium M Processor 750 (1.86

GHz/2MB Cache/533 MHz FSB) and standardized software (E-Prime, Inc, 1.1), stimuli

were projected via a Sharp XG-2000V color LCD projector (Osaka, Japan). E-Prime

recorded responses from a fiber optic response straight-button box device (Current Designs,

Philadelphia, PA).

Magnetic resonance images were collected with an eight-channel gradient head coil and a

Siemens Trio 3.0T Syngo MR 2004A whole-body, high-speed imaging device equipped for

echo planar imaging (EPI) (Siemens Medical Systems, Iselin, NJ). Mirrors attached to the

head coil allowed the subjects to view the rear-projection screen.

fMRI Data Acquisition

An automated scout image of each individual's brain was acquired, and to optimize field

homogeneity, localized shimming procedures were performed. For spatial normalization

purposes, high resolution 3D MPRAGE sequences (TR/TE/flip angle: 2,530 ms/3.39 ms/7°,

1.3 × 1.0-mm in-plane resolution, and 1.33-mm slice thickness) were collected. To assist in

registration of the functional data to the high-resolution anatomical scan, a T1-EPI (TR/TE =

10 s/34 ms) sequence was gathered. Before each functional scan, 3 to 5 s of acquisition were

discarded to allow longitudinal magnetization to reach equilibrium. fMRI images were

acquired using a gradient echo T2*-weighted sequence (TR/TE/flip angle/field of view: 2

s/30 ms/90°/200 mm; orientation: 25 axial slices angled approximating the AC-PC line; slice

thickness: 5 mm with no inter-slice skip; voxel size: 3.125 × 3.125 × 5 mm, interleaved

excitation order and anterior-to-posterior phase encoding). Two functional runs were

completed, yielding 110 acquisition volumes per run.

Data Analysis

Behavioral Data—Online behavioral data (accuracy and reaction time to correct trials)

were analyzed using a 2 (group: OCD, HC) × 3 (condition: mixed, shape, color) repeated-

measures analysis of variance in SPSS 16.0 (SPSS Inc., Chicago, IL). In a separate model,

learning was assessed using block number as an additional within-subject factor. Statistical
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significance was determined using an alpha level of 0.05. Post hoc analyses using two-tailed

t tests and multiple comparison corrections were performed where indicated.

fMRI Data—In SPM5, preprocessing and image analysis were completed.28 Functional

images were realigned to the mean image using six-parameter, rigid-body spatial

registration. In addition, an unwarping procedure was performed to remove any EPI motion-

related susceptibility. For each individual, the anatomical MPRAGE image was co-

registered to the mean functional image. The anatomical image was segmented into gray

matter, white matter, and cerebrospinal fluid and was normalized to the SPM5 MNI T1

2×2×2 template. The normalization parameters were applied to the functional images.

Finally, the functional images were spatially smoothed with a 6-mm full-width, half-

maximum Gaussian filter.

A general linear model was created for each individual. The data were modeled using the

onsets of conditions of interest (mixed, shape, color and fixation) convolved with the

canonical HRF. A high-pass filter with 128-s cut-off was used to eliminate low-frequency

drift, and AR1 correction was used to remove any temporal autocorrelation. To isolate

within-brain voxels, the SPM masking threshold was reduced and an explicit mask

representing the combined gray and white matter volume was included. A series of

estimated betas, one for each regressor, was generated to minimize the error term within the

model. Contrasts were generated by comparing the beta weights associated with blood

oxygenated level dependent (BOLD) activations in response to mixed relative to the

repeated conditions (i.e., set-shifting) across all runs.

A whole-brain, voxel-wise analysis was conducted using random-effects analysis. Contrast

images from the individual analyses were entered into a second-level model. Two-sample t

tests were conducted to determine significant group × condition interaction effects. Based on

previous literature on task-switching, set-shifting, and implicit learning tasks,6,19,29,30 we

examined group interaction effects in the frontal cortical (OFC, inferior frontal gyrus),

striatal, and hippocampal regions, as a priori regions of interest (ROIs). Statistical

significance was based on both a peak threshold and a spatial extent threshold that corrects

for multiple comparisons to a level of p < .05. The spatial extent was determined using the

AlphaSim program in AFNI, which corrects for multiple comparisons within anatomically

defined ROIs using 1,000 Monte Carlo simulations and smoothness of 10 mm.31 We used

anatomical ROIs from the Anatomical Automatic Labeling (AAL) within SPM, which were

converted to AFNI format. At a peak threshold of p < .001, an eight-voxel cluster size in the

inferior frontal gyrus were required, and at a peak threshold of p < .005, a 16-voxel cluster

size in the caudate, a 19-voxel cluster size in the putamen, and a 7-voxel cluster size in the

anterior hippocampus were needed. For completeness, we examined additional regions

connected to the striatum, namely, the dorsolateral prefrontal cortex and anterior cingulate

cortex (ACC), using similar thresholds as well as additional regions using a family-wise

error (FWE)-corrected threshold of p < .05. Brain regions were identified by visual

inspection and cross-referenced with a Talairach atlas.32 MNI coordinates are reported

throughout the Results section.
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In a secondary analysis, we tested group differences in how brain activation profiles varied

with shift cost (i.e., the reaction time differential between mixed and repeated conditions).

To do this, we included regressors for group and shift cost for each group and tested the

interaction (i.e., group difference in correlations between the shift cost and activation for the

mixed versus repeated contrast) using a whole-brain analysis approach.

To decompose the interactions and to determine whether the activation patterns were

correlated with shift cost, symptom severity, or age, one-sample t tests and analysis of

covariance models in each group were examined using whole-brain analysis with similar

thresholds. In addition, MarsBar was used to define each functional ROI and to extract

percent signal change values relative to the mean BOLD signal within functional and

anatomical ROIs.33 The percent signal change values relative to fixation were calculated to

determine the activation, deactivation, and correlation patterns in each contrast.

To investigate whether these group differences in functional activation were a result of

structural differences, two structural analyses were conducted. An automated segmentation

method generated measures of gray matter, white matter, and CSF.34 Each dependent

measure of structure, group, and intracranial volume were included in regression analysis

models in SPSS and significant group effects, independent of intracranial volume, were

determined using an alpha value of 0.05. A voxel-based morphometry analysis assessed

group differences in gray matter density at the whole-brain level in SPM. Segmented gray

matter images from each individual were smoothed with an 8-mm full-width, half-maximum

filter and included in a second-level group analysis. Intracranial volumes of each individual

were included in the model as a regressor of noninterest. Significant differences in gray

matter density were determined using an uncorrected threshold of p < .001.

Results

Behavioral Data

The accuracy rates during the color block (OCD: 88.7% ± 9.4%, HC: 89.8% ± 9.6%) were

lower than the shape (OCD: 91.8% ± 6.1%, HC: 92.9% ± 7.9%) and mixed blocks (OCD:

93.7% ± 5.3%, HC: 93.9% ± 5.9%) [condition effect: F(2, 66) = 12.1, p < .001]. No group or

group × condition interactions were noted (all p > .7). To investigate the condition effect, the

accuracy rates for each block within the run were calculated. The accuracy rates for the first

block of the shape and color, but not the mixed blocks [block × condition effect: F(6, 198) =

3.0, p < .03] were significantly lower than the accuracy rates for subsequent blocks [block

effect: [F(3, 99) = 22.2, p < .001].

No significant main effects or group × condition interactions for reaction time on correct

trials were noted (all p > .2). Therefore, the reaction times to the shape and color conditions

were collapsed into a repeated condition analysis. The reaction times during repeated trials

were similar between the groups (OCD: 622.4 ± 143.6 ms, HC: 622.3 ± 149.0 ms); however,

compared with the HC group, the OCD group tended to have slower reaction times during

mixed trials (OCD: 638.1 ± 162.1 ms, HC: 616.6 ± 152.0 ms) [condition × group effect: F(1,

33) = 3.6, p < .07], indicating a greater shift cost in the OCD group. Age did not correlate

with switch cost in either group (p > .7) or the group as a whole (p > .9).
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When CDI depression scores were included as a covariate, the reported results remained

significant.

Imaging Data

Between-Group Comparisons—Compared with the HC group, the OCD group

exhibited less left inferior frontal gyrus/BA47 [(−38, 32, −4), Z = 4.05, k = 31)] activation in

the set-shifting contrast (i.e., HC > OCD, mixed versus repeated); an activation was found in

the HC group [(−36, 32, −4), Z = 3.40, k = 8], whereas for the OCD group, at a lower

threshold (uncorrected p < .005), a deactivation (i.e., repeated > mixed [−40, 30, −6), Z =

2.96, k = 13]) was noted (Figures 2A, B). This significant group difference remained after

covarying out the effects of shift cost, age and CDI depression scores.

Of note, no significant between-group differences in striatal or hippocampal activation (e.g.,

mixed versus repeated) were detected using either whole-brain analysis or anatomically

defined ROI analysis (p > .6). Group differences were not detected in the dorsolateral

prefrontal cortex and ACC at our a priori significance threshold or any additional region at

the FWE-corrected threshold.

Neural Correlates of Shift Cost—A significant group difference in correlation between

shift cost and activation in response to mixed versus repeated conditions was detected in the

right caudate [(8, 8, 2), Z = 3.58, k = 46]. The HC group showed a positive correlation

(Pearson's r = 0.53, p < .02) and the OCD group showed a negative correlation (Pearson's r =

0.61, p < .02) between shift cost and percent signal change values in this region. In other

words, as the shift cost increased, the right caudate activation increased in the HC group and

decreased in the OCD group (Figures 2C, D).

We also examined associations between shift cost and activation in the inferior frontal

gyrus, where we had found a between-group difference in activation during the mixed

versus repeated contrast. No significant correlations in either group and no significant group

differences in correlation between shift cost and activation in either the left or right inferior

frontal gyrus were found.

Functional Connectivity—Extracted values of percent signal change in the inferior

frontal gyrus and caudate ROIs, identified by the group differences in activation and

correlation with shift cost respectively, were positively correlated in the HC group only

(HC: Pearson's r = 0.50, p < .03; OCD: p > .28).

Symptom Severity—In the OCD group, the total CY-BOCS score was not significantly

correlated with mixed versus repeated activation in the inferior frontal gyrus or caudate, two

regions showing between-group differences.

Structural Analysis—After accounting for intracranial volume in regression analyses, no

significant group differences in overall gray matter, white matter, or CSF were found (all p

> .15). In addition, none of these structural indexes correlated with symptoms in the OCD

group.
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Compared with the HC group, the OCD group showed greater gray matter density in medial

frontal gyrus/BA10 [(−18, 58, −10), Z = 3.68, k = 34], OFC [(−8, 42, −14), Z = 3.34, k =

10], and rACC [(−8, 56, 10), Z = 3.25, k = 10]. Of particular interest, compared with the HC

group, the OCD group tended to have greater gray matter density in the inferior frontal

gyrus [(−34, 28, −10), Z = 3.00, k = 25] at an uncorrected threshold of p < .005.

Discussion

In summary, we examined group differences in set-shifting between healthy and OCD-

affected pediatric samples. The left inferior frontal gyrus/BA47 activation during set-shifting

(i.e., mixed versus repeated) was greater in the healthy comparison group compared with the

OCD group. In addition, group differences in the correlation between caudate activation

during set shifting and shift cost were noted. The OCD group showed behavioral deficits in

set-shifting, evidenced by the tendency to have a greater shift cost (i.e., slower reaction time

to mixed trials versus repeated trials).

Bilateral inferior frontal gyrus activations have been reported during set-shifting.35-37 In this

study, the HC group exhibited activation in the left inferior frontal gyrus during set-shifting,

and this activation was greater than that observed in the OCD group. In the OCD group, the

left inferior frontal gyrus region tends to be more activated in the reverse contrast (i.e.,

repeated > mixed). The lack of left inferior frontal activation in the OCD group during

mixed blocks, coupled with the patients' tendency toward greater shift costs, suggest that the

OCD group may have difficulty shifting cognitive sets because of a failure to activate the

left inferior frontal gyrus. This result is consistent with recent evidence of less bilateral

ventrolateral prefrontal cortical activation during task-switching in adult OCD6; however,

we found significant group differences in activation (i.e., HC > OCD) only in the left

inferior frontal gyrus during set-shifting. Structural evidence based on the voxel-based

morphometry analysis suggests the opposite pattern of group difference (i.e., OCD > HC).

This pattern may suggest a higher density of inhibitory interneurons in the inferior frontal

gyrus in the OCD group, which might lead to higher voxel-based morphometry values and

blunted fMRI response.

Finding a group difference only in left inferior frontal gyrus in this set-shifting task may

reflect a Type II error or, alternatively, may highlight the lateralization of different functions

of the inferior frontal gyrus.38 Generally, the left inferior frontal gyrus may be recruited to

successfully shift cognitive sets. The left inferior frontal gyrus may maintain the cognitive

sets,38-41 mediate the cognitive shift,42,43 and resolve interference from previous trials in

working memory tasks.44 On the other hand, the right inferior frontal gyrus may facilitate

successful response inhibition. The right inferior frontal gyrus has been implicated in tasks

that require responses inhibition (e.g., during go/no go tasks) or taskswitching when

stimulus–response mappings change.38 During successful motor inhibition, healthy

comparison subjects activated the right inferior frontal gyrus more than OCD subjects.13,18

In the current set-shifting task, and unlike other task-switching or motor inhibition tasks,

every trial required a response and the stimulus-response mappings were held constant.
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Group differences in striatal activation were not detected in either whole-brain or anatomical

ROI analyses; however, group differences in correlation between caudate activation and

shift cost were noted. Although we investigated group differences in the striatum using

whole-brain as well as anatomical ROI analysis and found no significant differences in

either method, a Type II error could explain the absence of group difference in striatal

activation. In addition, several task elements may explain the lack of striatal activation

during set-shifting. Unlike previous task-switching and set-shifting paradigms, the set shifts

in the current study are not dependent on the subject's performance. In other words, the

block order is fixed, and this predictability could reduce striatal activation, as the striatum is

particularly responsive to novelty.29 Moreover, no feedback is provided to the subject during

the task that would elicit a striatal response to change behavior.36 Alternatively,

developmental effects may explain the lack of striatal group differences. As the attentional

system matures, the early reliance on the frontal-parietal system may shift to a frontal-

striatal system,45 and the OCD group may lag behind in this developmental shift. There

were no significant group differences in the striatum activation during set-shifting (i.e.,

mixed > repeated). Yet, upon further investigation, the HC group, compared with the OCD

group, showed greater putamen activation in both mixed versus fixation and repeated versus

fixation contrasts. Specifically, the HC group activated both the putamen and caudate in

these contrasts, but the OCD group did not activate these regions in either contrast. Group

differences between HC and OCD groups in set-shifting may emerge at a later time point

along the brain's developmental trajectory; however, this study does not have sufficient

power to examine activation in different age groups.

Although no group differences were noted in caudate activation in response to mixed versus

repeated conditions, a positive correlation between caudate activation and shift cost was

found in the HC group, whereas a negative correlation between caudate activation and shift

cost was observed in the OCD group. As the shift cost (i.e., the reaction time differential

between mixed and repeated trials) increased, the caudate activation increased in the HC

group. Caudate activation seems to increase with increased difficulty to shift cognitive sets.

These current results are consistent with a study that combined healthy adults and children

and found a negative correlation between caudate activation during mixed trials and reaction

time to mixed trials.19 In the OCD group, the relationship between shift cost and caudate

activation is reversed. The individuals with OCD who had a lower shift cost (i.e., higher

shift benefit) showed greater caudate activation. This negative correlation between caudate

activation and shift cost in the OCD group could be explained by failure to activate the

caudate with higher difficulty (i.e., greater shift cost). The lack of caudate and/or inferior

frontal gyrus activation or the connectivity between these regions in the OCD group, may

reflect increased difficulty in shifting between cognitive sets. In fact, the functional

connectivity analysis using extracted values indicate that the inferior frontal gyrus and

caudate regions are positively correlated in the HC group only. This finding is consistent

with resting state data showing the HC group has greater connectivity between the inferior

frontal gyrus and striatal regions (i.e., the putamen).46 The group difference in correlation

also may be explained by the multiple discrete cell types in the striatum that cannot be

readily discriminated using fMRI imaging methods. Contemporary neurocircuitry models of

OCD emphasize a potential imbalance between the mutually antagonistic direct and indirect
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cortico-striatal-thalamic pathways.47 The group difference in correlation may be explained

by the activation of different neuronal populations within the caudate.

In a first attempt to examine group differences in the neural correlates of set-shifting in

pediatric OCD, we opted to use a block design paradigm. Indeed, using this paradigm, a

group difference was detected in the inferior frontal gyrus in set-shifting ability. Compared

with event-related designs, block designs have increased statistical power to detect

differences. In addition, this block design was used to establish two distinct cognitive sets

(i.e., shape and color), so that activity between a repeated and mixed set could be compared.

Some might criticize the use of block designs because it is unclear whether the activation

difference is due to performance differences between groups. In the current study, accuracy

rates in both groups were quite high, and most errors occurred within the first trials of the

block; therefore, it is unlikely that the activation differences were a result of behavioral

differences. Future studies using event-related designs to examine set-shifting or task-

switching ability in pediatric OCD populations would be beneficial to potentially extend and

complement these results.

No relationships between activation and symptom severity scores measured by the CY-

BOCS were noted in the OCD group, possibly indicating that the findings in the inferior

frontal gyrus represent stable trait effects of OCD rather than symptom-driven effects.

Previous research in adult OCD has shown that set-shifting deficits on the WCST remain

unchanged even after symptom remission.4 Extradimensional shift deficits may represent a

possible endophenotype, as first-degree relatives of females with OCD who have

contamination symptoms have demonstrated similar deficits.7 In addition, gray matter

abnormalities associated with the orbitofrontal cortex and reductions in right inferior frontal

gyrus activation in response inhibition tasks and reversal learning tasks have also been

detected in unaffected relatives.48,49 Future studies are needed to integrate functional and

structural brain indices with genetic vulnerability markers to refine these potential

endophenotypes.

Several limitations of this study should be noted. Our pediatric OCD sample consisted

mostly of medicated individuals. Some studies have suggested that medication may not

influence cognitive function or group differences in activation.6,50 In particular, Gu et al.

reported less inferior frontal gyrus activation during task-switching in adults with OCD and

show that this effect is independent of medication status.6 However, other studies suggest

that medication effects from SSRIs may reduce frontal and striatal activation during OCD

symptom provocation.51 In addition, there is some evidence that antidepressants enhance

right inferior prefrontal activation during inhibitory tasks.52 Given these medication effects

on brain activation, it would be more difficult to detect significant group differences in the

inferior prefrontal cortex, and it is expected that the group differences found in this study

with a medicated OCD sample would be more pronounced in drug-naive patients. Several

studies have suggested the importance of examining the different OCD symptom profiles

separately3,30; however, in this study, analyses were conducted on a heterogeneous sample

with symptoms representative of most OCD symptom factors, as previously defined.26,27

With an increased sample size, further symptom subtype analyses could be conducted. Some

studies have reported that the neuropsychological deficits in executive functioning are
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attributable to comorbid depressive symptoms.53 The present OCD group did have higher

depression scores than the HC group, as measured by the CDI; however, our significant

group × condition interaction in left inferior frontal gyrus survived analysis that statistically

accounted for depressive symptoms. This finding is consistent with prior results indicating

that depressive symptoms were not correlated with WCST performance in OCD patients.3 In

addition, the depressive symptoms may have greater effects on affective switching (i.e.,

reversal learning) tasks54 than the cognitive set-shifting tasks, such as the one used in this

study. Finally, our sample did contain individuals with comorbid diagnoses of Tourette's

disorder and attention-deficit/hyperactivity disorder (ADHD). Fronto-striatal circuitry

hyperactivity has been detected in Tourette's disorder patients,55,56 which is contrary to our

finding; however, work in ADHD has found reductions in frontal regions during response

inhibition tasks.57 Future studies will be required to disentangle the potential effects of

comorbid diagnoses in this sample. As IQ measures were not obtained from this sample, we

cannot address whether IQ differences affected the group differences in functional

activation. Finally, the functional activation patterns may be dependent on developmental

stage. The current sample included individuals with ages ranging from 10 to 17 years. Even

though including age as a covariate did not alter the results, studies with larger samples

within narrow age ranges are needed to fully examine the effects of developmental stage on

group differences and the neural correlates in set-shifting.

In summary, results from this study provide new insight into the neural correlates of

cognitive flexibility deficits in pediatric OCD. To the authors' knowledge, this study

represents the first attempt to study set-shifting in pediatric OCD. Both the behavioral and

functional activation group differences are highly relevant to the disorder's symptoms,

suggesting that deficits in shifting cognitive sets are linked to less inferior frontal gyrus and

striatal activation. Findings also extend results from a recent study of task-switching in adult

OCD6 by replicating them in a pediatric sample. Future studies on this topic are warranted to

isolate developmental factors contributing to this group difference and to determine whether

it represents a possible endophenotype, by examining the behavioral and neural correlates of

set-shifting ability in unaffected relatives of probands with OCD.
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Figure 1.
Set-shifting paradigm. Note: On each trial, three objects were presented for 500 ms with a

1500 ms interstimulus interval. One object had a unique attribute, either shape (square or

circle) or color (gray or white). Subjects indicated the location of the unique object via

button press. Unbeknownst to the subject, trials were presented in a blocked fashion, with 15

trials per block. In shape blocks, shape identified the unique object. In color blocks, color

identified the unique object. In mixed blocks, the unique attribute alternated between shape

and color.
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Figure 2.
Group differences in frontal activation and correlations between shift cost and caudate

activation during set-shifting. Note: (A) The left inferior frontal gyrus activation in response

to mixed versus single conditions was lower in the obsessive-compulsive disorder (OCD)

group compared with the healthy comparison (HC) group. The group difference in activation

[(−38, 32, −4), Z = 4.09, k = 31]is displayed with a peak threshold of p < .001. (B) Percent

signal change values were extracted from the group difference in left inferior frontal gyrus

activation for the mixed and repeated conditions relative to fixation and plotted. (C) The

correlation between activation and the shift cost (i.e., the reaction time differential between

mixed versus repeated conditions) showed a group difference in the right caudate [(8, 8, 2),

Z = 3.58, k = 46]. The group difference in correlation is displayed with a peak threshold of p

< .001. (D) Percent signal change values were extracted from the group difference in

correlation found in the right caudate and plotted against shift cost for each group. The HC

group showed a positive correlation (Pearson's r = 0.53, p < .02), and the OCD group

showed a negative correlation (Pearson's r = −0.61, p < .02) between percent signal change

in the caudate and shift cost.
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Table 1
Group Characteristics

Characteristic OCD Group HC Group

Number 15 (9 males) 20 (13 males)

Age (years) 13.5 ± 2.4 13.6 ± 2.4

Handedness 13 R, 2 L 18 R, 2 L

Duration of illness (years) 4.1 ± 2.0 NA

CYBOCS, total 15.4 ± 5.7,*; range 7-26 0

CYBOCS, obsessions 6.6 ± 3.9* 0

CYBOCS, compulsions 8.8 ± 2.9* 0

CDI 8.8 ± 5.5* 3.1 ± 3.7

STAIC—trait 36.2 ± 7.5* 28.9 ± 7.5

STAIC—state 32.5 ± 4.7* 28.0 ± 2.9

YGTSS 1.7 ± 4.8 0

Note: Data are summarized using mean ± standard deviation. CDI = Child Depression Inventory; CYBOCS = Child Yale-Brown Obsessive
Compulsive Scale; HC = healthy comparison; L = left; OCD = obsessive-compulsive sorder R = right; STAIC = Spielberger State-Trait Inventory-
Child Version; YGTSS = Yale Global Tic Severity Scale.

*
Significant group difference, p < .05.
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