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Background. Obsessive-compulsive disorder (OCD) has been associated with response inhibition deficits under

motivationally neutral contingencies. We examined response inhibition performance in the presence of reward and

punishment. We further investigated whether the hypothesized difficulties in flexibly updating behaviour based on

external feedback in OCD would also lead to a reduced ability to adjust to changes in the reward and punishment

contingencies.

Method. Participants completed a go/no-go task that used punishments or rewards to promote response activation

or suppression. The task was administered to OCD patients free of current Axis-I co-morbidities including major

depression (n=20) and a group of healthy controls (n=32).

Results. Compared with controls, patients with OCD had increased commission errors in punishment conditions,

and failed to slow down immediately after receiving punishment. The punishment-induced increase in commission

errors correlated with self-report measures of OCD symptom severity. Additionally, patients did not differ from

controls in adapting their overall response style to the changes in task contingencies.

Conclusions. Individuals with OCD showed reduced response control selectively under punishment conditions,

manifesting in an impulsive response style that was related to their current symptom severity. This stresses failures

of cognitive control in OCD, particularly under negative motivational contingencies.
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Introduction

Obsessive-compulsive disorder (OCD) is character-

ized by intrusive thoughts (obsessions) and/or re-

petitive behaviours (compulsions). Neurobiological

models of OCD stress the dysfunctional role of fronto-

striatal circuits (Graybiel & Rauch, 2000 ; Menzies et al.

2008). While the orbitofronto-striatal circuit has re-

ceived particular attention, abnormalities are present

in additional frontal regions such as the dorsolateral

prefrontal cortex and inferior frontal gyrus (van den

Heuvel et al. 2005 ; Menzies et al. 2007). Given the ab-

normalities in fronto-striatal circuitry, executive func-

tions have been of interest in OCD.While impairments

are not widespread, deficits have been reported in in-

hibitory control of responses and cognitive flexibility

and their neural correlates (Chamberlain et al. 2007b,

2008 ; Menzies et al. 2007). Difficulties in suppressing

inappropriate actions may be linked to the repetitive

nature of OCD symptoms. Similarly, cognitive in-

flexibility may be related to problems in adjusting to

changing internal and external requirements. Motor

inhibition deficits and cognitive inflexibility have also

been suggested as putative endophenotypes, with

impairments observed in first-degree relatives of OCD

patients (Chamberlain et al. 2007b).

Response inhibition impairments in OCD have been

found using go/no-go, stop signal and anti-saccade

tasks (Menzies et al. 2008). For example, OCD patients

had slowed stop-signal response times (RTs) despite

response latencies that were comparable with those of

healthy controls (Chamberlain et al. 2007b ; Morein-

Zamir et al. 2010). Findings from go/no-go tasks have

been more varied, though neural abnormalities are

often apparent in frontal and striatal substrates

(Maltby et al. 2005 ; Roth et al. 2007 ; Page et al. 2009). In

this task, participants perform speeded responses to
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target stimuli, and withhold these motor responses

when non-target stimuli are presented. Some studies

have shown OCD patients to have difficulties with-

holding responses, resulting in increased commission

errors (Bannon et al. 2002 ; Penades et al. 2007). Others

found unimpaired performance (Maltby et al. 2005 ;

Bohne et al. 2008 ; Page et al. 2009) while still others

have indicated difficulties only when introducing

additional cognitive demands such as reversing the

go/no-go rules (Watkins et al. 2005).

Response inhibition performance in OCD is typi-

cally monitored in motivationally neutral situations.

Given orbitofronto-striatal involvement in OCD and

its importance in processing reward and punishment

(O’Doherty, 2007), we examined whether inhibitory

control in OCD is modulated by positive and negative

feedback. There is evidence to suggest that learning

based on negative feedback is abnormal in OCD, with

patients having difficulties learning from punishing

feedback even after extensive practice (Nielen et al.

2009). Additionally, while OCD patients could learn

using positive and negative feedback as well as con-

trols in a different task, they later demonstrated an

enhanced negative learning bias (Endrass et al. 2011).

Thus, the patients learned to avoid choosing the

stimulus initially associated with negative feedback

better than they had learned to choose the stimulus

initially associated with positive feedback. Abnormal

neural responses to gain and loss incentives have also

been reported, although results are presently largely

inconsistent as to whether abnormalities are specific to

gain or loss, and whether they occur when receiving

rather than anticipating the feedback (Remijnse et al.

2006 ; Figee et al. 2011 ; Jung et al. 2011 ; Stern et al. 2011).

Positive and negative feedback is also important in

modulating behavioural flexibility. Cognitive flexi-

bility involves effective behavioural adaptation to a

changing environment and is mediated by fronto-

striatal loops including the orbitofrontal, the ven-

trolateral prefrontal cortex and the striatum (Kehagia

et al. 2010). In OCD, beliefs and behaviours are often

resistant to change, despite their negative conse-

quences. In cued switching tasks in the absence of

feedback, OCD patients do not demonstrate increased

switch costs that would be indicative of reduced

flexibility (Moritz et al. 2004; Gu et al. 2008). Cognitive

inflexibility in OCD patients has been reported when

they are required to learn new rules based on feed-

back; specifically, impairments in medicated patients

were found in an attentional set-shifting task (Watkins

et al. 2005 ; Chamberlain et al. 2007b), although evi-

dence from the Wisconsin Card Sorting Task has been

inconsistent (Kuelz et al. 2004). Adjusting behaviour

flexibly is also necessary when responses formerly

associated with positive consequences are now

associated with negative consequences. Although

performance on reversal learning tasks can be intact in

OCD (Chamberlain et al. 2007a), neural abnormalities

in regions including the orbitofrontal cortex have at

times but not always been reported (Remijnse et al.

2006 ; Chamberlain et al. 2008 ; though see also Ersche

et al. 2011). Reduced sensitivity to the outcome of ac-

tions (Gillan et al. 2011) may further promote de-

creased flexibility in a changing environment, with a

deficit in the processing of action-related feedback

resulting in difficulties in updating action goals (Olley

et al. 2007 ; Nielen et al. 2009). Thus, at present it re-

mains unclear which particular aspects of cognitive

flexibility are impaired in OCD.

In the current study, we examined go/no-go per-

formance in OCD under conditions of multimodal

reward or punishment (Crockett et al. 2009). Perform-

ance was punished or rewarded at different times with

feedback involving the loss or gain of points as well as

sounds and social cues. It was hypothesized that OCD

patients would show impairments particularly under

punishment conditions. Further, the feedback was

used to induce a general propensity towards re-

sponding (i.e. a bias to go) or towards suppressing

responses (i.e. a bias to not go), so that response style

must be adapted to the changing situational context.

Thus, large rewards for correct go responses should

promote a stronger propensity to respond than to

withhold responses. Large punishments for in-

correctly withholding responses on go trials (omission

errors) should also promote a tendency to respond.

Conversely, large rewards for correctly withholding

responses on no-go trials and large punishments for

incorrectly responding on no-go trials (commission

errors) should both promote an increased propensity

to suppress responding. Flexibility would manifest in

appropriately adjusting behaviour to the changes in

contingencies, such that under a bias to activate re-

sponding there would be a greater number of re-

sponses and faster responding. Under a bias to

suppress responding there would be fewer responses

and responding would be slower. Inflexibility would

manifest in smaller differences between conditions

promoting response activation versus suppression.

Method

Participants

A total of 20 OCD patients (55% female) were re-

cruited from a specialist OCD out-patient clinic fol-

lowing screening by a consultant psychiatrist (N.A.F.)

to ensure that they met Diagnostic and Statistical

Manual of Mental Disorders, 4th edn, text revision

(DSM-IV-TR; APA, 2000) criteria for OCD and were
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free of current co-morbid Axis-I disorders, including

major depression. Screening upon entry to the clinic

was assessed using an extended semi-structured

clinical interview, which screened for affective dis-

orders including bipolar disorder, schizophrenia, an-

xiety disorders, somatoform disorders, OCD spectrum

disorders including tic and Tourette’s disorder, body

dysmorphic disorder, trichotillomania, compulsive

skin-picking, pathological gambling, hoarding, autis-

tic spectrum disorders, attention deficit hyperactivity

disorder and substance-use disorders. Subjects were

subsequently monitored by the consultant psychiatrist

on a regular basis to track ongoing symptoms and the

emergence of any new ones. All but one of the patients

were receiving selective serotonin reuptake inhibi-

tors (SSRIs) : seven with fluoxetine, 40–100 mg; five

with escitalopram, 10–30 mg; two with fluvoxamine,

100–150 mg; two with sertraline, 200 mg; two with

paroxetine, 40–60 mg; and one with citalopram,

60 mg; one patient was also on clomipramine (25 mg)

and two were also on antipsychotics (quetiapine

100 mg and flupenthixol 0.5 mg).

A group of 32 controls (59% female), reporting no

psychiatric illness, history of head injury or neuro-

logical disorder or psychotropic medication use, also

completed the task. All participants were fluent

English speakers/readers, though three of the controls

were not native English speakers. All but two of the

control group and one patient reported being right

handed. Group characteristics are presented in

Table 1. OCD symptom severity was assessed by the

Yale–Brown Obsessive Compulsive Scale (YBOCS;

Goodman et al. 1989), the Obsessive Compulsive

Inventory – Revised (OCI-R; Foa et al. 2002) and the

Padua Inventory – Revised (PI-R; Burns et al. 1996).

Anxiety was assessed with the State-Trait Anxiety

Inventory (STAI ; Spielberger et al. 1983), depression

severity with the Montgomery–Asberg Depression

Rating Scale (Montgomery & Asberg, 1979), and ver-

bal intelligence with the National Adult Reading Test

(Nelson, 1982). Participants completed two other be-

havioural tasks, unrelated to the present study (Gillan

et al. 2011), in a counterbalanced order during the

same session. All tasks and questionnaires were ad-

ministered by a graduate psychologist trained in test-

ing OCD patients. The study was approved by the

Hertfordshire Research Ethics Committee, and written

informed consent was obtained from all participants

before beginning the session.

Procedure

Participants performed a go/no-go task and com-

pleted four experimental feedback blocks in counter-

balanced order (Crockett et al. 2009). Feedback blocks

used reward or punishment to create either respond

(go) or inhibit (no-go) biases. In the go bias via reward

block, correct responses (hits) were rewarded, where-

by correct go responses yielded large rewards and

correct no-go responses yielded small rewards. In the

no-go bias via reward block, correct no-go responses

yielded large rewards and correct go responses yiel-

ded small rewards. In both reward blocks, mistakes

resulted in neutral feedback. Small rewards earned

one point, a high tone and a mildly happy face ; large

rewards earned 10 points, a flourishing tone and an

extremely happy face. In the go bias via punishment

block, incorrect responses were punished, whereby

Table 1. Demographic and clinical characteristics of the OCD patient and control groups

OCD patients (n=20) Controls (n=32) Z p

Age, years 44.55 (8.42) 41.84 (13.00) 0.79 >0.43

Verbal IQ 115.95 (7.86) 117.48 (6.88) 0.76 >0.44

Length of

education, years

15.45 (2.68) 16.04 (2.30) 0.75 >0.45

MADRS 5.60 (4.08)

YBOCS 19.80 (5.13)

OCI-R 28.55 (12.91) 8.26 (5.30) 5.24 <0.001

PI-R 42.50 (23.10) 12.77 (13.48) 4.67 <0.001

STAI-S 42.00 (12.99) 30.35 (6.20) 3.42 <0.001

STAI-T 56.00 (11.65) 35.97 (8.29) 5.12 <0.001

OCD, Obsessive-compulsive disorder ; IQ, intelligence quotient ; MADRS,

Montromery–Asberg Depression Rating Scale ; YBOCS, Yale–Brown Obsessive

Compulsive Scale ; OCI-R, Obsessive Compulsive Inventory – Revised ; PI-R, Padua

Inventory – Revised ; STAI-S, State-Trait Anxiety Inventory, state ; STAI-T, State-Trait

Anxiety Inventory, trait.

Data are given as mean (standard deviation).
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incorrect go responses (commission errors) resulted in

small punishment and incorrect no-go responses re-

sulted in large punishment. In the no-go bias via

punishment block, incorrect no-go responses resulted

in small punishment and incorrect go responses re-

sulted in large punishment. In both punishment

blocks, correct responses resulted in neutral feedback.

Small punishments lost one point, resulted in a short

buzzing tone and a mildly angry face while large

punishments lost 10 points, resulted in a long buzzing

tone and an extremely angry face. All feedback was

presented for 1500 ms.

In each block of 36 trials, half were go and half were

no-go trials. Participants responded to blue and yel-

low checkerboard stimuli by pressing a button if the

target colour was in the majority and did not respond

if it was in the minority, with target colour counter-

balanced across participants. Blue-to-yellow square

frequency established easy (e.g. 16 yellow and nine

blue) versus difficult (e.g. 13 yellow and 12 blue) stim-

uli, with difficulty counterbalanced between go and

no-go trials. The task began with 48 practice trials

without feedback to minimize learning effects. Stimuli

were presented for 2000 ms, with an inter-trial interval

of 1500 ms. Mean RT for correct responses in the

practice session constituted the individual’s stimulus

duration, to match task difficulty across participants.

Feedback blocks were interspersed among no-

feedback blocks, to allow response tendencies to

return to baseline, totalling nine blocks. Each block

began with four guided practice trials to learn the

upcoming response contingency.

Data analysis

Commission errors and hits were computed for each

block. As performance neared a ceiling on easy trials,

these calculations were restricted to difficult trials.

Mean RTs for correct responses were computed across

all trials. To investigate the immediate impact of pun-

ishment on responding, RTs were analysed in pun-

ishment blocks on trials after punishment versus trials

after non-punishment. Proportion data were arcsine

transformed and RT data logarithm transformed,

though untransformed means are shown throughout.

Repeated-measures analyses of variance were con-

ducted with group as the between-subjects factor and

response style (go versus no-go bias) and feedback

(reward versus punishment) as within-subjects factors.

Secondary analyses examined performance in the no-

feedback blocks to verify whether there were any

lasting effects. Pearson correlation coefficients were

computed between clinical characteristics of OCD pa-

tients and task performance indices. Non-parametric

Mann–Whitney U tests were used when comparing

clinical characteristics. All comparisons were two-

tailed with an a of 0.05.

Results

Clinical and psychological rating scales

OCD patient and controls were matched for gender

distribution [x(1)=0.10, p>0.75], dominant hand

[x(1)=0.04, p>0.85], age, years of education and ver-

bal intelligence (see Table 1). Patients had worse OCD

symptoms (OCI-R and PI-R) and increased anxiety

(STAI).

Commission errors

Analyses of commission errors as a measure of re-

sponse inhibition revealed more commission errors

in punishment blocks [main effect of feedback:

F(1, 50)=9.09, p<0.01]. As seen in Fig. 1, this was

moderated by an interaction between group and

feedback [F(1, 50)=4.77, p<0.05], whereby feedback

influenced commission errors in the OCD patients

[F(1, 50)=10.97, p<0.01] but not in controls [F(1, 50)

<1, p>0.50]. A direct comparison between the groups

of the difference scores between reward and punish-

ment for each participant was significant [F(1, 50)=
4.23, p<0.05], with a Cohen’s d effect size of 0.59.

Additionally, there was an interaction between re-

sponse style and feedback [F(1, 50)=4.57, p<0.05],

with an effect of feedback in no-go biased blocks

[F(1, 50)=11.21, p<0.01], but not go biased blocks

[F(1, 50) <1, p>0.88]. There was no significant inter-

action between group, response style and feedback

[F(1, 50) <1, p>0.80].

Correct go responses

The proportion of hits was greater in go bias compared

with no-go bias, with participants more likely to
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Fig. 1. Proportion of commission errors in controls and

obsessive-compulsive disorder (OCD) patients under

conditions of reward and punishment. Values are means,

with standard errors represented by vertical bars.
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respond in the go bias conditions (0.78 v. 0.67,

respectively) [F(1, 50)=19.19, p<0.001]. There was

also an interaction between feedback and response

style [F(1, 50)=4.90, p<0.05], such that there was a

significant response style effect under punishment

[F(1, 50)=21.20, p<0.001], but not under reward

[F(1, 50)=1.45, p>0.22]. The three-way interaction

between group, feedback and response style was not

significant [F(1, 50) <1, p>0.50]. However, we ex-

amined the effect of response style under punishment

for each group separately to ascertain whether both

groups adjusted their responding. As seen in Fig. 2 a,

both controls [F(1, 50)=14.29, p<0.01] and OCD pa-

tients [F(1, 50)=8.30, p<0.01] adjusted their responses

under punishment with reduced responding under

the no-go bias.

An analysis of correct RTs showed faster responses

under go compared with no-go bias (539 v. 558 ms,

respectively) [F(1, 50)=8.82, p<0.05]. There was

an interaction between response style and feedback

[F(1, 50)=22.07, p<0.01], such that latencies were

faster in go compared with no-go bias conditions un-

der reward [F(1, 50)=21.69, p<0.001] but not punish-

ment [F(1, 50)=1.06, p>0.30]. Finally, a three-way

interaction between group, response style and feed-

back [F(1, 50)=6.13, p<0.05] appeared to stem from

marginally faster RTs in no-go compared with the go

bias punishment blocks for patients [F(1, 50)=3.20,

p<0.08] but not controls [F(1, 50) <1, p>0.54].

Importantly, the effect of response style found under

reward was significant both for the controls [F(1, 50)=
6.67, p<0.05] and the patients [F(1, 50)=16.91,

p<0.01], indicating that OCD patients adjusted their

responses similarly to controls (see Fig. 2 b).

Slowing on trials immediately following punishment

We further investigated whether patients responded

differently from controls on trials immediately fol-

lowing punishment. Latencies in the punished condi-

tions were compared between trials after correct (non-

punished) versus after incorrect responses (punished).

There was a general slowing following punishment

[F(1, 50)=20.02, p<0.001]. However, as seen in Fig. 3,

this was moderated by an interaction between group

and prior punishment [F(1, 50)=4.49, p<0.05] where-

by controls responded slower after punishment

[F(1, 50)=28.26, p<0.001], but patients did not

[F(1, 50)=2.26, p>0.13]. A direct comparison between

the groups of the difference scores between post-

punished and post-non-punished trials was significant

[F(1, 50)=4.49, p<0.05], with a Cohen’s d effect size

of 0.60.

Additional analyses

Analyses of the no-feedback blocks did not reveal any

effects of previous feedback, response style or group.
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Fig. 2. (a) Hits for controls and obsessive-compulsive

disorder (OCD) patients for go and no-go biases under

conditions of reward and punishment. (b) Response times

(RTs) for controls and patients for go and no-go biases under

conditions of reward and punishment. Values are means,

with standard errors represented by vertical bars. * Mean

value was significantly different from that for the no-go bias

condition (p<0.05).
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Fig. 3. Response times (RTs) following punished versus
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disorder (OCD) patients. Values are means, with standard

errors represented by vertical bars.
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To examine whether slowing on trials immediately

following punishment was specific to punishment ra-

ther than error, a similar analysis was conducted in the

no-feedback blocks. There was significant slowing

after an incorrect trial [F(1, 49)=4.79, p<0.05], but no

interaction with group [F(1, 49) <1, p>0.43]. We ex-

amined correlations between patient characteristics

and task-related measures. Punishment-related in-

crease in commission errors correlated significantly

with both OCI-R and PI-R but not YBOCS scores

[r=0.60, t(18)=3.19, p<0.01 ; r=0.53, t(18)=2.64,

p<0.017 ; and r=0.29, t(18)=0.86, p>0.40, re-

spectively], such that worse self-reported OCD

symptoms were associated with increased punish-

ment-related commission errors (see Fig. 4). These

correlations remained significant when partialling out

anxiety and depression ratings [partial r’s=0.71

and 0.62 for OCI-R and PI-R, respectively]. No other

correlations were significant.

To examine a possible role for SSRI medication,

SSRI equivalence values were computed for each

patient (Koran et al. 2007), as were imipramine equiv-

alences (Bollini et al. 1999). SSRI equivalence values

ranged from 0 to 125 (mean=7.25, S.D.=31.21),

and imipramine equivalences ranged from 0 to 500

(mean=229.85, S.D.=156.91). SSRI equivalence values

did not correlate with punishment-induced increase in

commission errors [r=x0.05, t(18)=x0.23, p>0.81]

nor with post-error slowing [r=x0.04, t(18)=x0.17,

p>0.85]. Similar results were found with imipramine

equivalence values.

Discussion

We examined inhibitory control in non-depressed

OCD patients compared with healthy controls under

conditions of punishment and reward. Individuals

with OCD showed reduced response control mani-

festing in an impulsive response style selectively un-

der punishment conditions. Specifically, patients had

increased commission errors in the punishment blocks

overall and did not demonstrate the expected slowing

following punishment (Figs 1 and 3). The increase in

punishment-related commission errors correlated

with two indices of symptom severity (Fig. 4). At the

same time, patients adjusted their response style

similarly to controls based on the motivational con-

tingencies. Under punishment, both groups re-

sponded more in the go compared with the no-go bias

conditions (Fig. 2a). Under reward, both groups re-

sponded faster in the go compared with the no-go bias

conditions (Fig. 2b).

In the present study, response inhibition impair-

ments in OCD were found only under conditions

of punishment. Mere negative emotion induced by

the punishment is unlikely to explain the present

findings, as in previous studies negative affective

stimuli did not influence response inhibition in OCD

(Chamberlain et al. 2007a ; Morein-Zamir et al. 2010).

Rather, the presence and anticipation of aversive per-

formance-related punishment probably underlie the

current results. Moreover, because task difficulty was

individually set, some punishment was unavoidable.

Avoidance behaviours are common and inherent to

OCD, with patients learning particularly well to avoid

negative stimuli (Endrass et al. 2011). Punishment-

related increases in commission errors correlated with

self-reported measures of OCD severity controlling for

levels of depression and anxiety, suggesting that it

may be associated with OCD rather than depressive

symptoms. At the same time, no correlation was ob-

served with YBOCS scores. This disparity may be due

to the nature of the measures ; the YBOCS is open-

ended, interview-based and includes items regarding

the patient’s resistance and control over their symp-

toms, whereas the self-report questionnaires focus on

specific possible symptoms (e.g. repeatedly checking

doors, windows, drawers, etc.) and patients rate the
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intensity of distress or degree of disturbance. In any

case, abnormal response control under punishment is

consistent with the notion that OCD patients do not

merely have an ‘abnormal response to negative

feedback’ or a negative bias in processing information

as found in depression (Sahakian & Morein-Zamir,

2011). These findings are also unlikely to be attribu-

table to negative urgency (Cyders & Smith, 2008),

whereby individuals tend to engage in rash, ill-

advised actions when distressed, as other performance

indices (e.g. latencies and response style effects) were

not abnormal under punishment. Rather, punishment

plays a more complex role in modulating inhibitory

control difficulties.

Reward does not lead to a normalization of per-

formance in OCD patients, as there was no difference

between the groups in the no-feedback blocks. It is

likely that in the reward and no-feedback conditions,

inhibitory demands were not sufficiently taxing, as

no-go trials were frequent, constituting half the trials.

Response inhibition difficulties would be most appar-

ent when countermanding an already initiated re-

sponse (Menzies et al. 2007) or with additional

processing demands such as complex or changing

response-stimulus mappings (Bannon et al. 2002 ;

Watkins et al. 2005 ; Nielen et al. 2009). Punishment

appears to be another factor that places additional

demands leading to reduced inhibitory control in

OCD. Inhibitory control impairments particularly un-

der impending punishment may distinguish OCD

from other disorders also characterized by inhibitory

difficulties, such as drug addiction and attention defi-

cit hyperactivity disorder (e.g. Monterosso et al. 2005 ;

Lipszyc & Schachar, 2010). Moreover, magnified in-

hibitory deficits under aversive conditions may be

specific to the expression of OCD, given that inhibitory

deficits under neutral conditions were also found in

non-affected first-degree relatives (Menzies et al. 2007).

In support of this, the current inhibitory impairment

appeared to be state dependent, in contrast to pre-

vious findings where inhibitory performance under

neutral conditions did not correlate with clinical

characteristics (Chamberlain et al. 2007b). It is also

possible that other anxiety disorders will show in-

hibitory impairments under negative motivational

contingencies, despite there being no consistent evi-

dence for impaired inhibition under neutral con-

tingencies (Lipszyc & Schachar, 2010). Inhibitory

control under the threat of punishment is likely to

depend both on the functioning of neural substrates

mediating response inhibition, such as the inferior

frontal gyrus (Menzies et al. 2008), and additional

systems activated under aversive conditions, such

as affective orbitofrontal-ventral striatal systems

(Graybiel & Rauch, 2000). It may well be that the re-

cruitment and interplay of several neural substrates,

each thought to be abnormal in OCD (Menzies et al.

2008) preclude the use of potential compensatory

neural mechanisms sometimes reported (Rauch et al.

2007 ; Henseler et al. 2008), and result in behavioural

impairments.

Punishment-related failures in response control in

the patients were also evidenced by the lack of slowing

immediately following punishment. Slowing follow-

ing errors is typically interpreted as the engagement of

cognitive control mechanisms. Seemingly, the results

appear inconsistent with reports of an overactive

monitoring system in OCD (Gehring et al. 2000 ; Stern

et al. 2011). However, most studies focus on neural

correlates at the time of committing an error and do

not find behavioural differences in post-error slowing

(Endrass et al. 2010). The reduced post-error slowing

in OCD here probably results from the presence of

punishment, as no group differences were observed in

the no-feedback blocks. This is consistent with the

finding that neural hyperactivations associated with

errors in OCD, in the ventromedial prefrontal cortex

and right anterior insula/frontal operculum, are even

greater when the errors are associated with monetary

loss (Stern et al. 2011).

We also found that OCD patients and controls

showed similar levels of adaptability to changing task

contingencies, suggesting that the patients were able

to flexibly shift between response styles. Despite pre-

dicting that cognitive rigidity may manifest in reduced

response style effects in patients, this was not the case.

Performance in the present study was measured fol-

lowing practice, and the requirement to change re-

sponse style was explicitly conveyed via instructions.

Thus, as is often the case with instructed task switch-

ing (Moritz et al. 2004), OCD patients did not appear to

be impaired when the task rules were explicit and

practised. Abnormalities in the neural substrates

mediating effective behavioural flexibility, such as the

medial and lateral prefrontal cortices and the basal

ganglia (Graybiel & Rauch, 2000 ; Kehagia et al. 2010),

do not necessarily translate into impaired perform-

ance. It may well be that cognitive rigidity in OCD

manifests primarily during learning, where there is

substantial uncertainty in determining the most ap-

propriate behaviour, and action-related feedback is

necessary to determine future performance (Nielen

et al. 2009). This study, however, shows that patients

can update the balance between opposing action goals,

at least when these bear no relation to their personal

symptomatology (Olley et al. 2007). With more precise

conceptual definitions of cognitive flexibility and cog-

nitive tasks to test its different features, it may be

possible in future to better understand the everyday

rigidity in behaviour observed in OCD.
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A previous study using a similar task found slow-

ing in the punished relative to rewarded conditions

and this was abolished under acute tryptophan de-

pletion (Crockett et al. 2009). In the present study,

patients and controls did not respond slower under

punishment. However, there are important methodo-

logical differences between the studies. Namely, in the

current study accuracy was emphasized over speed

and performance was not associated with monetary

consequences. Additionally, participants were con-

siderably older and performed the task only once. In

the present study commission errors were consider-

ably lower than in the previous study, suggesting

that participants may have responded more con-

servatively. That a reduced tendency to respond

manifested under punishment in increased misses

while under reward it manifested in slower respond-

ing is in line with this possibility.

The present study found an inhibitory deficit in

OCD specifically under punishment conditions. These

are precisely the conditions where serotonin plays a

role in behavioural suppression (Cools et al. 2008 ;

Crockett et al. 2009), and tryptophan depletion elimi-

nated punishment-induced inhibition in the same task

(Crockett et al. 2009). The OCD patients in the present

study were under chronic SSRI medication. However,

it is difficult to see how this drug treatment, which

enhances serotonergic activity (Stahl, 2008), could

have produced the present findings, given the quali-

tatively similar effects of tryptophan depletion.

Moreover, medication dosage did not correlate with

task-related performance. It is perhaps more likely

that the medication only incompletely ameliorated

the disinhibition of responding under punishment.

Nevertheless, serotonergic manipulations do not gen-

erally influence inhibitory performance under neutral

contingencies (Evers et al. 2006), and previous studies

did not find that medication influenced reward- and

punishment-related error performance in OCD

(Nielen et al. 2009 ; Stern et al. 2010). It is nevertheless

possible that unmedicated patients would have ad-

ditional difficulties in the task, for example, showing a

reduced response-style effect. In this study patients

were not actively screened for personality disorders or

lifetime Axis-I disorders, such as major depressive

disorder, and although we excluded Tourette’s dis-

order, tic severity was not systematically evaluated.

These factors may have affected patient performance,

although it remains unclear how they would be linked

to the impairments found in the present study. Future

studies may investigate inhibitory control in Axis-II

disorders and how it may be modulated under moti-

vational contingencies, as this may provide insight

into the results obtained in patients with various Axis-

I disorders.

In summary, medicated yet symptomatic OCD pa-

tients could flexibly adjust their response style under

changes in punishment and reward contingencies. At

the same time they demonstrated a more impulsive

response style compared with controls selectively un-

der punishment conditions. The present study stresses

abnormal cognitive control processing, particularly

during punishment, in OCD.
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