
Switching between internally and externally focused attention in 
obsessive-compulsive disorder: Abnormal visual cortex 
activation and connectivity

Emily R. Sterna,b,*, Alexandra F. Muratorec, Stephan F. Taylord, James L. Abelsond, Patrick 
R. Hofb, and Wayne K. Goodmana,b

aDepartment of Psychiatry, Icahn School of Medicine at Mount Sinai, New York, NY, United States

bFishberg Department of Neuroscience and Friedman Brain Institute, Icahn School of Medicine at 
Mount Sinai, New York, NY, United States

cDepartment of Psychology, Drexel University, Philadelphia, PA, United States

dDepartment of Psychiatry, University of Michigan, Ann Arbor, MI, United States

Abstract

Obsessive-compulsive disorder (OCD) is characterized by excessive absorption with internally-

generated distressing thoughts and urges, with difficulty incorporating external information 

running counter to their fears and concerns. In the present study, we experimentally probed this 

core feature of OCD through the use of a novel attention switching task that investigates 

transitions between internally focused (IF) and externally focused (EF) attentional states. Eighteen 

OCD patients and 18 controls imagined positive and negative personal event scenarios (IF state) or 

performed a color-word Stroop task (EF state). The IF/EF states were followed by a target 

detection (TD) task requiring responses to external stimuli. Compared to controls, OCD patients 

made significantly more errors and showed reduced activation of superior and inferior occipital 

cortex, thalamus, and putamen during TD following negative IF, with the inferior occipital 

hypoactivation being significantly greater for TD following negative IF compared to TD following 

the other conditions. Patients showed stronger functional connectivity between the inferior 

occipital region and dorsomedial prefrontal cortex. These findings point to an OCD-related 

impairment in the visual processing of external stimuli specifically when they follow a period of 

negative internal focus, and suggest that future treatments may wish to target the transition 

between attentional states.

Keywords

Default mode; Rumination; Negative thought; Task positive network; Occipital

*Correspondence to: Department of Psychiatry, Icahn School of Medicine at Mount Sinai, One Gustave L. Levy Place, Box 1230, New 
York, NY 10029, United States. emily.stern@mssm.edu (E.R. Stern). 

All authors declare no conflicts of interest.

Appendix A. Supplementary material
Supplementary data associated with this article can be found in the online version at http://dx.doi.org/10.1016/j.pscychresns.
2016.08.006.

HHS Public Access
Author manuscript
Psychiatry Res. Author manuscript; available in PMC 2018 July 30.

Published in final edited form as:
Psychiatry Res. 2017 July 30; 265: 87–97. doi:10.1016/j.pscychresns.2016.08.006.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://dx.doi.org/10.1016/j.pscychresns.2016.08.006
http://dx.doi.org/10.1016/j.pscychresns.2016.08.006


1. Introduction

Obsessive-compulsive disorder (OCD) is characterized by persistent engagement with 

negative and intrusive thoughts, images, or ideas. Though experienced as intrusive, these 

obsessions are internally generated and often take the form of imagined scenarios of harm or 

bad events. Obsessions elicit extensive efforts to counteract the anxiety that they produce, 

yet one of the more perplexing features of OCD is that patients appear unable to use 

available external information to counteract their negative thoughts and fears. 

Neuroscientifically, this impairment could indicate an imbalance between brain systems that 

subserve internally focused (IF) and externally focused (EF) attentional states (Stern and 

Taylor, 2014). Specifically, persistent obsessions and repetitive information seeking could 

result from excessive activation of brain systems that generate internal (imagined) fears of 

negative events, and/or an inability to appropriately recruit systems that process externally 

observable evidence indicating that feared events did or will not occur. Although the 

hypothesis of an imbalance between IF and EF attention in OCD may seem intuitive from a 

clinical perspective, it has not been directly examined using brain imaging where its 

underlying neural mechanisms can be identified.

Results from neuroimaging studies indicate that IF and EF cognitive processes recruit 

dissociable large-scale networks reflecting these different “modes of processing”. IF 

cognition, including mental simulations and imagination of future events (“future thinking”), 

autobiographical memory, and self-referential processing, are associated with activation of 

the “default mode network” (DMN), a large-scale network comprised of ventromedial and 

anterior dorsomedial prefrontal cortex, posterior cingulate cortex, and hippocampus 

(Andrews-Hanna et al., 2014; Buckner et al., 2008; D’Argembeau et al., 2008; Spreng et al., 

2009). In healthy individuals, the DMN decreases in activation (or deactivates) when 

attention is directed to information in the environment (EF cognition), which may reflect the 

suspension of IF processes in order to respond efficiently to external information (Andrews-

Hanna et al., 2010; 2014; Buckner et al., 2008; Gusnard et al., 2001; McKiernan et al., 2003; 

Shulman et al., 1997). The two networks most consistently associated with EF cognition are 

the dorsal attention network linked to visuospatial attention and motor planning and the 

fronto-parietal control network involved in higher-order functions such as working memory, 

conflict detection, and response inhibition (Buchsbaum et al., 2005; Corbetta and Shulman, 

2002; Spreng et al., 2010; Vincent et al., 2008). Together, these networks have been referred 

to as the “task-positive” network (TPN) – so named because it positively activates in many 

tasks of EF cognition historically used in fMRI research (Power et al., 2011; Yarkoni et al., 

2010). The TPN is predominantly composed of dorsal anterior cingulate cortex (ACC) and 

supplementary motor area, dorsolateral prefrontal cortex (DLPFC), precentral gyrus, anterior 

insula, lateral parietal cortex, occipital cortex, striatum, and thalamus (Buchsbaum et al., 

2005; Corbetta and Shulman, 2002; Fox et al., 2005; Spreng et al., 2010; Vincent et al., 

2008).

Previous research has found abnormal functioning of DMN and TPN in OCD. Patients show 

hyperactivation of DMN regions during error detection (Fitzgerald et al., 2005; Stern et al., 

2011) and both economic (Stern et al., 2013) and moral (Harrison et al., 2012) decision 

making, but exhibit hypoactivation during fear extinction (Milad et al., 2013). Patients also 
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show altered functional connectivity between DMN and TPN at rest (Fitzgerald et al., 2010; 

Stern et al., 2012), indicating that the intrinsic relationship between IF and EF brain systems 

is disrupted in OCD. Prior work examining OCD patients during switching between two 

external tasks (focusing on the color or shape of stimuli on the screen) found altered switch-

related activity in VMPFC, DLPFC, ACC, and lateral parietal cortex, findings that were 

interpreted as reflecting an imbalance between ventral “affective” and dorsal “ cognitive” 

fronto-striatal circuitry (Gu et al., 2008). However, no studies of OCD have investigated the 

effects of internal absorption on the subsequent neural processing of external information, 

despite clear relevance of such an investigation to the clinical phenomenology of the 

disorder. Using an attentional state switching task in healthy individuals (Stern et al., 2015), 

we have shown differential TPN activity and connectivity during a target detection task 

based on whether it was preceded by an IF event imagination task or an EF working memory 

task, indicating that prior attentional state affects subsequent neural functioning. Here, we 

take the novel approach of investigating behavior, brain activation, and functional 

connectivity to test the hypothesis that OCD patients will show altered neural processing of 

external information (in a target detection task) compared to controls specifically when 

previously engaged in an internally focused task. Such an investigation may help determine 

the neural mechanisms associated with OCD patients’ characteristic inability to disengage 

from obsessional thinking, which could identify biological targets for the treatment of this 

core behavior.

2. Methods

2.1. Subjects

Data were analyzed from 18 patients with OCD and 18 healthy controls (HC). Patients met 

DSM-IV criteria for OCD, excluding primary hoarding subtypes, and were excluded for 

bipolar disorder or psychosis, and current post-traumatic stress disorder, panic disorder, tic 

disorder, or eating disorder. Eight patients had current Axis I comorbidities and 15 patients 

were taking serotonin reuptake inhibitors (SRIs) (see Supplement for details). Fluoxetine 

equivalences were calculated for use in post-hoc analyses examining medication effects. HC 

were free of psychiatric and neurological diagnoses as well as psychotropic medication.

Diagnoses were made using the Mini International Neuropsychiatric Interview (MINI; 

Sheehan et al., 1998). Symptoms of general anxiety and depression were quantified using 

Beck Anxiety and Depression Inventories (Beck et al., 1988; 1961). Obsessive-compulsive 

symptom severity was measured in the OCD group using the Yale-Brown Obsessive-

Compulsive Scale (Y-BOCS; Goodman et al., 1989). OCD patients did not differ from HC in 

age, years of education, or gender (Table 1). All subjects provided informed written consent 

approved by the Mount Sinai Institutional Review Board.

2.2. Task overview

The attentional state switching task (Fig. 1) used a block design with 48 sequences, each 

with three phases (see Supplemental methods and Stern et al., (2015)). In the first phase of a 

sequence, subjects performed one of three “initial” tasks to set the attentional state: 

internally focused personal event imagination (IF block, including both negative events 
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[negative IF] and positive events [positive IF]), externally focused Stroop conflict task (EF 

block), or eyes-open rest. After observing a 3 s instruction screen, the duration of each task 

was 15 s on average, jittered in 1.5 s increments between 12 and 18 s. Following each of 

these initial tasks, subjects switched to an externally focused target detection task (TD 

block) for 15 s (second phase). Critically, TD blocks were identical regardless of whether 

they followed negative IF, positive IF, EF, or rest. In the third phase, following the TD block, 

subjects rated how easy it was to perform the initial (first phase) task (e.g., to imagine the 

events, perform the Stroop, or rest, from very difficult to very easy) and also rated their 

emotion (from very negative to very positive) using 5-point Likert scales (maximum 4 s per 

rating) (see Supplemental methods for details on ratings). Following a fixation cross (jittered 

between 0–8 s), a new sequence began. Each sequence type (negative IF, positive IF, EF, and 

rest) was presented 12 times over 6 runs. Subjects were instructed to keep their eyes open 

and looking at the screen during the entire task, which was confirmed by a camera focused 

on the eyes. Following the task, subjects answered debriefing questions where they rated the 

difficulty of the different task components (see Supplement).

2.3. Task details

2.3.1. Internal focus (IF) block (first phase)—During IF sequences, subjects imagined 

different event scenarios prior to switching to perform target detection. Each IF block started 

with a 2–4 word cue describing the event to be imagined, followed by the word “Imagine” at 

the top of the screen for the duration of the block. Event scenarios were personalized for 

each subject. During a screening session, subjects worked with an experimenter to prepare a 

list of 12 personally relevant life events that included six positive events (i.e., events that 

participants are looking forward to or those that they want to happen) and six negative events 

(i.e., events that participants are not looking forward to or those that they are worried about 

happening). Examples of negative scenarios were “Mother’s cancer returns” and “Boyfriend 

loses job”; examples of positive scenarios were: “PhD program acceptance” and “Cruise to 

Bahamas”. In the scanner, subjects imagined each of the 6 negative and 6 positive events two 

times over the course of the experiment. Controls and OCD patients received the same exact 

instructions for scenario creation, thus patients were not required to construct their scenarios 

around their specific OC symptoms. The reason for this was three-fold: 1) to probe more 

general attentional mechanisms in OCD, 2) to match the intensity and thematic content of 

negative and positive scenarios within OCD patients as much as possible, and 3) to match 

the intensity and thematic content of negative scenarios between patients and controls as 

much as possible. Supplemental methods provide additional details on how scenarios were 

matched within and between subjects.

2.3.2. External focus (EF) block (first phase)—During EF sequences, subjects were 

presented with a series of 8–12 color words (e.g. “RED”, “BLUE”, “YELLOW”, “GREEN”) 

that were either congruent (35%) or incongruent (65%) with the font color in which they 

were written. Subjects were instructed to ignore the meaning of the word and to covertly 

identify the color of the word as quickly as possible using subvocalization. Each word 

presented for 1000ms followed by crosshairs for 500ms before the next word appeared for 

the duration of the EF block. Subvocalization was used instead of button press responses in 

order to match IF and EF blocks as closely as possible.
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2.3.3. Target detection (TD) block (second phase)—After performing the initial 

tasks (negative IF, positive IF, EF, or rest), subjects switched to perform the TD task. The TD 

task presented 15 sequential letters, and subjects were required to press one button for the 

target letter “a” (~30% of letters) and another button for all other letters. Letters were 

presented for 750ms followed by a crosshair for 250ms until the next letter appeared, for the 

duration of the TD block. TD blocks were identical regardless of the initial task preceding it.

2.4. Neuroimaging data acquisition and preprocessing

MRI scanning occurred on a Siemens Allegra 3T scanner. After sagittal localization, 6 runs 

of functional images were acquired with a T2*-weighted, gradient echo planar sequence 

(repetition time=2000 ms, echo time=30 ms, 36 slices, 3-mm thick, skip=1, flip angle=90°, 

field-of-view=210 mm, matrix size=64×64). A high-resolution T1-weighted anatomical 

image was also acquired.

Preprocessing of functional data utilized Statistical Parametric Mapping software (SPM8) 

and included (in order): slice-time correction, realignment of functional images, 

coregistration of functional images to anatomical image, normalization to MNI152 template, 

and spatial smoothing with a 5-mm Gaussian kernel. Due to intrinsic spatial smoothness, the 

total average smoothness for contrasts of interest was between 10 and 10.5-mm FWHM.

2.5. Data Analysis

2.5.1. Behavioral—Behavioral analysis of “switch costs” (Gilbert and Shallice, 2002; 

Monsell, 2003) related to different initial task conditions examined percent errors and 

reaction time (RT) on correct trials during target detection in separate repeated-measures 

ANOVAs using group (OCD, HC) as between-subjects factor and initial task (negative IF, 

positive IF, EF, rest) as within-subjects factor. Mean ratings of ease and emotion were also 

examined in separate ANOVAs using the same factors. Significant main effects were 

interrogated with post-hoc t-tests. Post-task debriefing questions were compared using t-tests 

(see Supplement).

2.5.2. Neuroimaging

2.5.2.1. Task-related activation: For neuroimaging analyses, a general linear model (GLM) 

(SPM8) was used to specify regressors for negative IF, positive IF, EF, and rest blocks (at 

time of cue) and for TD blocks based on prior attentional state (TD-negative IF, TD-positive 

IF, TD-EF, and TD-rest). Block durations of 15 s on average were optimized to distinguish 

activity elicited by TD blocks from that occurring during initial task blocks (see 

Supplemental methods). Regressors were convolved with the canonical hemodynamic 

response function, and all blocks were modeled as epochs with durations set to block length 

(12–18 s), thus capturing neural activity related to processing “mode” rather than a discrete 

neural event at the time of the switch (see Stern et al., (2015)). Rating periods and six 

realignment parameters were also included in the GLM to reduce error variance. Scans 

showing movement spikes of over 3 mm translation or 2° rotation were excluded and 

interpolated using ArtRepair (Mazaika et al., 2007). Average translation and rotation over 

the 6 runs was not significantly different between OCD and HC groups. Imaging 

comparisons focused on contrasts of OCD with HC during target detection, separately for 
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each prior attentional state (TD-negative IF, TD-positive IF, TD-EF, TD-rest) using two 

sample t-tests, cluster-level corrected for multiple comparisons within whole-brain gray 

matter at α=0.05 (voxelwise t=2.4) using Monte Carlo simulations (Ward, 2000). We do not 

report results from “double contrasts” (e.g., OCD > HC for TD-negative IF > TD-rest), 

which typically identify brain regions showing crossover interactions that are not of primary 

interest for the present investigation (e.g., those regions that are jointly increased for OCD 

relative to HC during TD negative-IF and decreased for OCD relative HC during TD-rest). 

However, in order to further investigate the specificity of effects identified from group 

comparisons, we extracted parameter estimates from regions showing group differences in 

the single contrasts and submitted them to group (OCD vs. HC)×TD condition (TD-negative 

IF, TD-positive IF, TD-EF, TD-rest) ANOVAs. Secondary analyses of contrasts between 

OCD patients and HC for the initial tasks (negative IF, positive IF, and EF) are reported in 

Table 2 and section 3.2.4, and contrasts between TD conditions within each group are 

reported in Table 3, section 3.2.5, and further discussed in S.3.3.

2.5.2.2. Intrinsic functional connectivity analysis: To determine whether group differences 

found during TD were associated with differences in intrinsic connectivity, the timecourse of 

the BOLD signal across the entire scan was extracted from the region showing a significant 

group×TD condition interaction (inferior occipital cluster, see Section 3) and used as a seed 

for connectivity analyses using the conn toolbox (Whitfield-Gabrieli and Nieto-Castanon, 

2012). At the individual subject level, partial correlations were conducted between the 

timecourse of this seed and whole-brain gray matter, controlling for several factors. 

Following previous approaches for estimating intrinsic connectivity from task data (Fair et 

al., 2007; Stern et al., 2011), we regressed out BOLD signal related to all task regressors to 

remove variance associated with task events from connectivity measures. In addition, 

timecourses from the top three principle components within white matter and CSF were 

determined using the “CompCor” method (Behzadi et al., 2007) and included as covariates 

to control for noise correlations without having to regress out global signal (Murphy et al., 

2009). Finally, in addition to removing task-related activity and noise correlations present in 

WM and CSF, 12 motion variables (6 realignment parameters and first derivatives) were 

included as covariates to control for movement. Data were filtered between .01 and 0.10 Hz. 

Partial correlation coefficient images between the seed's timecourse and the whole brain 

were computed and z-transformed. Second (group) level analyses used two-sample t-tests to 

compare z-transformed partial correlation coefficient images between OCD and HC using 

cluster level correction for multiple comparisons at α=0.05 (Ward, 2000). The connectivity 

patterns derived from this type of analysis are frequently described as intrinsic because this 

method identifies interregional coupling that is independent of and linearly superimposed 

upon task-related activity (Fair et al., 2007; Fox et al., 2006).

2.5.3. Aligning task activations with intrinsic networks—To identify overlap in the 

topography between regions found in group comparisons and previously reported intrinsic 

brain networks, we created masks of TPN and DMN from a functional connectivity analysis 

performed on resting-state data obtained in an independent sample of 17 healthy individuals 

(see Stern et al., (2012; 2015) for methodological details of the analysis). Coordinates for 

seeds used to create masks of TPN and DMN were taken from prior work on intrinsic brain 
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connectivity (Vincent et al., 2008). For TPN, bilateral seeds in the “dorsal attention network” 

(middle temporal area and superior parietal lobule) and “fronto-parietal network” (anterior 

prefrontal cortex and anterior inferior parietal lobule) were selected. For DMN, bilateral 

seeds in hippocampal formation and posterior inferior parietal lobule were selected. 

Connectivity maps for each seed were averaged for a given network (i.e., the TPN 

connectivity map was an average of 8 bilateral seeds; the DMN map was an average of 4 

bilateral seeds) and thresholded at α=0.05, corrected for whole-brain comparisons (Fig. S1). 

Task-related activations were overlaid on these masks to visually map the present findings to 

well-defined networks from the literature.

2.5.4. Effects of medication—Given that most OCD patients were taking SRI 

medication, a secondary analysis was conducted to investigate whether differences in 

medication were affecting any of the identified group differences. Multiple linear regressions 

using both group and fluoxetine equivalence dosage as independent variables were run for 

all significant effects (behavioral and fMRI; see Supplemental results). Examination of p-

values for the group variable when including dosage in the model determined whether group 

continued to predict the dependent variable (behavior/fMRI) after statistically adjusting for 

effects of dosage. Although this approach will identify whether unique sources of variance 

in the group factor are related to the dependent variable when removing shared variance with 

the medication factor, the rather high correlation between group and medication means that 

this unique (non-shared) variance may not be a good representation of the group construct 

on the whole (Miller and Chapman, 2001). In order to further investigate the effects of 

medication using an approach that does not suffer from this limitation, we performed 

correlational analysis between medication dosage and behavioral/fMRI effects within the 

OCD group alone. As described in the Supplement, the majority of group differences 

reported below remained highly significant in multiple regression analyses (suggesting that 

the results are indeed related to unique variance associated with group) and were not 

correlated with dosage within OCD patients.

3. Results

3.1. Behavioral

3.1.1. Accuracy and reaction time during target detection—Both groups were 

generally very accurate during the TD block (Table 1, 2.3% errors on average), although 

OCD patients (2.9%) made more errors than HC (1.8%) overall (F1,34=5.2, p=0.028). There 

was also a significant interaction between group (OCD, HC) and prior attentional state 

(negative IF, positive IF, EF, rest) on percent errors during TD (F3, 102=5.1, p=0.003). Post-

hoc t-tests indicated that OCD patients made significantly more errors than HC during TD 

when it followed negative IF (TD-negative IF: t34=4.2, p < 0.001) and when it followed rest 

(TD-rest: t34=2.5, p=0.018) (Fig. 2), but did not differ when it followed positive IF (TD-

positive IF) or EF (TD-EF). Interestingly, the HC group made more errors during TD-EF 

(2.4%) than TD-negative IF (1.1%; t17=4.1, p=0.001), a pattern that was (non-significantly) 

reversed in the OCD group (TD-EF: 2.6%, TD-negative IF: 3.1%).
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Analysis of RT for correct responses during TD revealed no significant main effects or 

interactions.

3.1.2. Trial-by-trial ratings of ease and emotion for initial tasks—Subjects rated 

the initial tasks as fairly easy (mean rating for all subjects=4.0 on a scale where 1=“very 

difficult” and 5=“very easy”, Table 1), and there were no significant effects of group, 

attentional state, or interaction between factors on perceived difficulty.

For ratings of emotion experienced during initial tasks, OCD patients gave more negative 

(less positive) emotion ratings compared to HC overall (group effect: F1,34=4.3, p=0.045, 

Table 1). There was also a highly significant main effect of attentional state on emotion 

ratings (F3,102=204.1, p < 0.001), with negative and positive IF blocks (imagining future 

negative and positive events) differing from each other and from all other block types (p < 

0.001 for all comparisons), as would be expected if subjects were performing the task as 

instructed. Emotion ratings for EF and rest blocks did not differ significantly from each 

other and were generally given a neutral rating (Table 1). There was no interaction between 

group and attentional state in emotion ratings.

3.2. Neuroimaging

3.2.1. Target detection based on prior attentional state—OCD patients exhibited 

significantly less activity in bilateral occipital cortex (left superior and bilateral inferior), 

bilateral thalamus, and left putamen than HC during TD-negative IF (Fig. 3). Clusters in 

occipital cortex and thalamus overlapped with the intrinsic TPN mask; the putamen cluster 

did not overlap with either the DMN or TPN mask. There were no significant group 

differences in activation during TD-positive IF, TD-EF, or TD-rest.

Follow-up group (OCD vs. HC)×TD condition (TD-negative IF, TD-positive IF, TD-EF, TD-

rest) ANOVAs tested whether effects in the above four clusters were specific to the TD-

negative IF condition, as might be expected given that group comparisons in the other TD 

conditions did not identify any significant differences. Only the inferior occipital cluster 

showed a significant interaction (F3,102=3.8, p=0.023, Greenhouse-Geisser corrected). 

Although the other three clusters were significantly hypoactive in OCD only during the TD-

negative IF condition, they exhibited interaction p-values > 0.20, suggesting that 

subthreshold group differences between OCD and HC may also be present in the other TD 

conditions.

To further unpack the interaction effect in inferior occipital cortex, we conducted ANOVAs 

comparing OCD-related hypoactivation during TD-negative IF with the other TD conditions 

in a pairwise fashion. There were significant interactions between group and TD-negative IF 

vs. TD-rest (F1,34=5.5, p=0.025), group and TD-negative IF vs. TD-EF (F1,34=5.5, p=0.024), 

and a marginally significant interaction between group and TD-negative IF vs. TD-positive 

IF (F1,34=3.2, p=0.081); all of these effects were in the direction of greater hypoactivation in 

OCD for TD-negative IF than in the comparison TD condition.

3.2.2. Relationship with symptom severity—Correlations between brain activation 

and Y-BOCS scores within OCD patients were interrogated using parameter estimates 
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extracted from those regions showing group differences. Symptom severity was negatively 

correlated with activity in the thalamus cluster (r=−0.51, p=0.030), indicating that patients 

with higher symptom severity showed reduced thalamic activation. The left putamen cluster 

was also negatively correlated at trend level (r =−0.41, p=0.095). Occipital clusters were not 

significantly related to Y-BOCS scores, and none of the four clusters correlated with general 

anxiety or depression scores (BAI/BDI).

3.2.3. Intrinsic functional connectivity—Within both OCD and HC groups, there were 

patterns of significant positive connectivity between the inferior occipital region that was 

hypoactive in OCD and areas of the TPN, including adjacent regions of inferior and superior 

occipital cortex, superior parietal cortex, precentral and postcentral gyri, supplementary 

motor area, DLPFC and inferior frontal gyrus, dorsal ACC and mid-cingulate, and anterior 

insula. There was also significant connectivity between the inferior occipital cortex seed and 

brain areas outside of the TPN mask, including bilateral cerebellum, thalamus and midbrain, 

posterior insula, and orbitofrontal cortex; connectivity with parahippocampal gyrus and 

posterior cingulate cortex in areas that overlapped with the DMN was also observed. Group 

comparisons revealed stronger connectivity in OCD between the inferior occipital cortex 

seed and dorsomedial prefrontal cortex (DMPFC) including voxels that overlapped both 

with DMN (in anterior-superior areas of the cluster) and TPN (in posterior-inferior areas of 

the cluster) (Fig. 4). Examination of z-transformed partial correlation coefficients indicated 

that HC showed an overall pattern of weak negative connectivity between inferior occipital 

cortex and DMPFC while OCD showed positive connectivity (Fig. 4). In addition, OCD 

patients showed stronger positive connectivity between the inferior occipital seed and 

adjacent areas of occipital cortex. There were no regions where HC showed significantly 

stronger connectivity with inferior occipital cortex compared to OCD.

3.2.4. Initial task activation—Although not a primary focus, we also compared OCD 

patients and HC during initial task blocks. Both groups showed activation overlapping with 

DMN and TPN masks during the negative and positive IF (event imagination) blocks, 

whereas activation during EF (Stroop) blocks overlapped with TPN only (Fig. S2 and Table 

2), as expected from prior work on IF and EF cognition (e.g., Andrews-Hanna, 2012; 

Buckner et al., 2008; Corbetta and Shulman, 2002; Spreng et al., 2009; Stern et al., 2015). 

Although the strength and extent of activations appeared to differ somewhat between groups, 

particularly for the positive IF condition, there were no significant group differences for any 

of the initial task conditions.

3.2.5. Comparisons between TD-IF and TD-EF within each group—Secondary 

analyses of contrasts comparing TD-EF with TD-negative and TD-positive IF were 

performed in each group to compare with prior results (Stern et al., 2015). Unlike in this 

prior study, there were no whole-brain corrected differences between TD conditions in either 

group (Table 3 shows uncorrected) condition differences; See Supplement S3.3 for further 

discussion).
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4. Discussion

To our knowledge, this is the first study to investigate behavior and brain function in OCD 

patients during an external cognition task based upon prior attentional state. The current 

study builds on an emerging literature from the field of cognitive neuroscience linking large-

scale brain networks to different attentional states (Andrews-Hanna et al., 2014; Buckner et 

al., 2008; Corbetta and Shulman, 2002; D’Argembeau et al., 2008; Gusnard et al., 2001; 

Spreng et al., 2010), an approach that is highly relevant for understanding OCD both 

cognitively and neurobiologically. Compared to controls, OCD patients showed altered 

behavior and brain activation when performing an external task following engagement with 

a negative, internally focused state. Clinically, the idea that OCD patients should have 

difficulty shifting from a negative IF state to an external task may seem intuitively self-

evident; however, the demonstration of this difficulty experimentally along with the 

identification of neural underpinnings is novel, and suggests that further consideration of 

how patients transition between attentional states may contribute to the understanding and 

treatment of OCD.

The primary behavioral indices of task switching are reaction times and error rates, with 

increases in these measures after a switch reflecting “switch costs” (Gilbert and Shallice, 

2002; Monsell, 2003). In our study, OCD patients showed greater switch costs in the form of 

increased error rates during target detection when it followed a period of negative IF 

compared with controls, although there were no group differences in RT. Although it is 

possible that this increased error rate reflects a lack of task compliance rather than an 

increase in switch costs per se, several aspects of the data suggest that patients and HC were 

both performing the task as instructed. First, on each trial subjects rated the emotion they 

experienced during the initial tasks, and both groups (HC and OCD patients) rated the 

negative event imagination task as eliciting significantly more negative emotion than rest or 

the EF task, and the positive event imagination task as eliciting significantly more positive 

emotion than rest or the EF task (Section 3.1.2 and Table 1), as would be expected if they 

were following instructions. In addition, analysis of trial-by-trial ratings of ease of task 

performance revealed that OCD patients did not experience more difficulty engaging in the 

initial tasks than HC (Section 3.1.2, Table 1).

In addition to this behavioral effect during TD following negative IF, this was the only task 

condition where OCD patients showed significantly different brain activity compared to HC, 

with reduced activation in regions of superior and inferior occipital cortex, thalamus, and 

putamen, several of which overlapped with the intrinsic TPN mask. Post-hoc analyses 

indicated that OCD patients’ hypoactivation in the inferior occipital cortex was significantly 

greater for the TD-negative IF condition than the other TD conditions. Within the TPN, 

occipital cortex is part of the dorsal attention network (Vincent et al., 2008) and is linked 

predominantly with basic visual processes (Corbetta and Shulman, 2002; Smith et al., 2009; 

Tomasi et al., 2007). Given that all stimuli presented on the screen were identical for both 

groups, altered occipital activation is not likely to be related to differential visual 

stimulation, but may instead be due to altered attention to visual stimuli during target 

detection. It is well established that both striate and extrastriate visual regions can be 

modulated by attention (Hopfinger et al., 2000; Mangun et al., 1997; Martinez et al., 1999; 
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Slotnick et al., 2003), and the present finding suggests that patients may not be appropriately 

engaging attention with external visual stimuli during TD specifically when it follows a 

period of negative internal thought. In healthy individuals, emotional distraction during 

cognitive processing is associated with reduced activation of lateral prefrontal regions 

(Anticevic et al., 2010; Dolcos and McCarthy, 2006). The present study's finding of intact 

lateral prefrontal but abnormal visual cortical activation suggests an alteration of more basic 

visual attentional mechanisms in OCD, consistent with recent hypotheses that OCD 

symptoms involve impairment in survival circuits related to visual processing (Goncalves et 

al., 2010; Goncalves et al., 2015).

Connectivity analysis further indicated that OCD patients showed stronger intrinsic 

connectivity between inferior occipital cortex and DMPFC in a region of DMN that has been 

associated with self-referential mental activity and theory of mind tasks (Andrews-Hanna et 

al., 2010; Gusnard et al., 2001; Spreng et al., 2009). Although speculative, a disruption in 

the intrinsic relationship between regions involved in externally-focused visual attention and 

internally-focused self processing could underlie OCD patients’ inability to incorporate 

external evidence of “safety” (e.g., observing that the door is locked or the hands are clean) 

to counteract internally generated and perpetuated fears (e.g., of someone breaking into the 

house or getting contaminated with a disease). The group difference in connectivity was 

driven by negative correlations between inferior occipital cortex and DMPFC in HC but 

positive correlations in OCD. This is consistent with previous research showing reduced 

negative correlations between TPN and DMN regions in OCD (Fitzgerald et al., 2010; Stern 

et al., 2012) and in relation to performance on EF cognitive tasks (Kelly et al., 2008; Wen et 

al., 2013).

Within the OCD group, activity during target detection following negative IF was negatively 

related to current symptom severity in the thalamus and putamen, but not in either of the 

occipital clusters. This suggests a potential dissociation between “state-related” (but non-

specific) biomarkers in thalamus and putamen and a “trait-related” deficit in inferior 

occipital cortex during conditions requiring the refocusing of attention away from negative 

internal information.

Additional work is needed to compare OCD with other patient groups to determine whether 

these effects are specific to OCD or might represent transdiagnostic biomarkers. Generalized 

anxiety and major depression are also characterized by perseverative negative thought (in the 

form of rumination and worry) that is frequently resistant to correction by external 

information (Smith and Alloy, 2009; Topper et al., 2010). As such, this work may have 

relevance for multiple disorders characterized by excessive internal focus.

Although we have interpreted the findings in the context of switching between a negative 

internal focus (negative event imagination) and an external focus (target detection), an 

alternative interpretation is that OCD patients are impaired in processing external 

information after being exposed to negative emotional stimuli, regardless of attentional 

focus. As we did not run a full factorial design using negative and positive external stimuli 

for the initial tasks (and only used neutral stimuli for the EF task), this work cannot rule out 

the possibility that OCD patients would show similar alterations when switching from 
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negative emotional stimuli that were externally focused (e.g., using an emotional Stroop task 

or a task with negative emotional pictures). Indeed, previous findings of altered brain 

activation in ventral and dorsal frontal regions during task switching between two (non-

emotional) external tasks have been proposed to reflect a more general imbalance between 

emotional and cognitive functioning in the disorder (Kwon et al., 2009). It will be important 

for future work to test the specificity of the OCD switching impairment in relation to the 

type of negative emotional stimuli that are used, as this would not only inform a mechanistic 

understanding of disorder but could also have treatment implications.

There are several limitations of the present study. First, the majority of patients were 

medicated with SRIs. Although results from secondary analyses of medication effects 

provide support for the notion that group differences were not due to medication differences 

(see Supplement), the present design cannot determine what the group differences would 

have been had medication not been correlated with group status (Miller and Chapman, 

2001). As such, these findings require replication in a larger unmedicated OCD cohort or the 

inclusion of a comparison group of medicated patients without OCD. In addition, in our 

protocol OCD patients constructed their to-be-imagined scenarios in the same way as 

control subjects, and were not required to use their specific obsessive fears for the task. 

Although this was done to increase comparability between patients and controls and 

between positive and negative scenarios (see Methods), it could potentially add a source of 

variance to the OCD group and it is possible (or even likely) that more extensive group 

differences would have been found if patients’ scenarios were related to their obsessive 

fears. Indeed, it could be interesting for future work to compare how OCD patients process 

general negative scenarios vs. OC-related scenarios. Finally, it would be interesting and 

important to determine whether performing this task, which involved engaging with negative 

(and positive) thoughts, alters clinical outcomes in OCD, something that we did not assess. 

Despite these limitations, these data provide new insights into the mechanisms of the 

disorder by using a novel task designed to dissect how patients transition between attentional 

states, with results pointing to a specific deficit in occipital activation during externally 

focused cognition following a period of negative internal focus. The findings are consistent 

with prior studies reporting reduced activation of TPN including occipital cortex during EF 

tasks in OCD (Gu et al., 2008; Kang et al., 2013; Remijnse et al., 2006) and provide support 

for the notion of impaired visual processing in the disorder (Goncalves et al., 2010; Nelson 

et al., 1993; Rampacher et al., 2010). The overall approach of examining the dynamics of EF 

and IF cognition is relevant for other internalizing disorders, and suggests future avenues for 

treatments that involve targeting transitions between modes of processing.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Subjects performed one of three initial tasks prior to switching to target detection (TD): A) 

internally focused (IF) event imagination (half negative and half positive events), B) 

externally focused (EF) Stroop conflict task, and C) rest. After TD, subjects rated the ease 

and emotion associated with the initial tasks.
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Fig. 2. 
OCD patients made significantly more errors than HC during TD following negative IF and 

TD following rest (denoted with asterisks).
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Fig. 3. 
OCD patients showed reduced activation compared to controls in bilateral occipital cortex 

(left superior: −24, −92, 26, k = 329; bilateral inferior: 24, −86, −18, k = 480), left putamen 

(−28, 4, −12, k = 356), and bilateral thalamus (0, −10, 8, k = 338) during TD following 

negative IF. The inferior occipital cluster showed a significant interaction between group and 

TD condition (F (3,102) = 3.8, p = 0.023). Color bar represents t score.
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Figure 4. 
Intrinsic functional connectivity analysis revealed greater connectivity in OCD compared to 

controls between inferior occipital cortex and adjacent occipital regions (18, −76, 0, k = 324) 

as well as dorsomedial prefrontal cortex (DMPFC, 6, 58, 10, k = 382). Y-axes represent z-

transformed correlation coefficients. Color bar represents t score.
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Table 1

Demographic, clinical, and behavioral information.

OCD (n=18) HC (n=18)

mean sd mean sd

Demographic and clinical data

Age (years) 28.2 7.1 27.2 6.5

Education (years) 17.4 1.9 16.6 1.5

Sex 11F/7M 10F/8M

BAI* 21.4 12.8 3.0 6.1

BDI* 11.8 7.4 1.4 1.9

Y-BOCS 19.9 5.5

Behavioral data

Percent errors

TD-negative IF* 3.1 1.6 1.1 1.2

TD-positive IF 2.8 1.9 1.9 1.8

TD-EF 2.6 2.0 2.4 1.7

TD-rest* 3.2 2.2 1.6 1.4

Reaction time (ms)

TD-negative IF 517.9 33.3 511.8 38.6

TD-positive IF 523.3 41.2 512.1 34.5

TD-EF 524.6 35.7 509.3 34.7

TD-rest 521.0 37.0 506.6 33.0

Ratings of ease (1–5)

Negative IF 3.8 0.69 3.9 0.66

Ppositive IF 4.0 0.51 4.1 0.67

EF 3.9 0.74 4.2 0.78

Rest 3.8 0.85 4.2 0.88

Ratings of emotion (1–5)

Negative IF 1.7 0.46 1.9 0.44

Positive IF 4.3 0.40 4.4 0.49

EF 3.0 0.35 3.1 0.30

Rest 3.1 0.42 3.3 0.57

OCD=obsessive-compulsive disorder, HC=healthy controls, sd=standard deviation.

There were no group differences in age, years of education, or sex. OCD patients showed significantly greater scores on the Beck Anxiety 
Inventory (BAI) and Beck Depression Inventory (BDI) than HC. For behavioral data, reaction times are for correct responses on TD blocks; ratings 
of ease were made on 5-point Likert scales where 1=“very difficult”, 3=“neutral”, and 5=“very easy”; ratings of emotion were made on 5-point 
Likert scales where 1=“very negative”, 3=“neutral”, and 5=“very positive”.

*
Difference between OCD and HC groups significant at p < 0.05 using two-sample t-tests.
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