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Abstract
There is considerable research to suggest that a neurobiological deficit might
underpin obsessive-compulsive symptoms or be responsible for ObsessiveCompulsive Disorder (OCD). Deficits in executive functions are commonly

reported in OCD and are believed to be mediated by the frontal lobes, the broad site

of this neurobiological deficit. This thesis comprised of five studies that collecti
attempt to address several key questions that required clarification within the
executive function literature of OCD. Study 1 assessed executive functions of
inhibition, set shifting, working memory, planning, and verbal fluency in OCD
subjects (n = 20) compared to a clinical control group of Panic Disorder (PD, n =

20). OCD subjects exhibited deficits in all areas except planning and verbal fluency
in comparison to the PD group. Study 2 recruited an additional sample of Remitted
OCD subjects (n = 20), and compared their performance to the original
Symptomatic OCD group (n = 20) and PD control group (n = 20). It was found that
executive function deficits were specific to OCD, and that symptom status did not
affect the profile of these deficits. Study 3 adopted a longitudinal design and retested a sub-sample (n = 10) of Symptomatic OCD subjects that evidenced symptom

remission. The stability of these deficits, even after remission, was confirmed in t
study. In order to further clarify the nature of executive function deficits,
particularly the role of inhibition and facilitation abnormalities in OCD, Study 4
assessed Symptomatic OCD (n = 20), Remitted OCD (n = 11), PD control (n = 20)

and normal control subjects (n = 20), in a paradigm that separately studied inhibiti
and facilitation processes. It was found that OCD subjects displayed both excessive

facilitation to primed responses and impaired inhibition to suppressed responses, in

xvi

comparison to both control groups.

Again, these deficits were unaffected by

symptom status (i.e. symptomatic or remitted), and together the findings were
consistent with the notion that executive function deficits were trait markers of
OCD, rather than episode markers. In order to examine the effects of overactive
cognitive schemas on facilitatory and inhibitory processes, Study 5 assessed
Symptomatic OCD (n = 20), Remitted OCD (n = 11), PD (n = 20) and normal
control subjects (n = 20) using the same paradigms, but with personally threatening
words. The findings indicated that overactive cognitive schemas, provoked by
threat-related stimuli, exaggerated the inhibition deficit in Symptomatic OCD
subjects, and interfered with normal inhibition processes in PD subjects. However,
overactive cognitive schemata did not affect inhibition in non-anxious groups (i.e.
Remitted OCD and normal control subjects). It was argued that this thesis provided

evidence that: i) OCD individuals suffer executive function deficits, which are stabl
through the course of the disorder, and ii) overactive cognitive schemata is
implicated in the maintenance and remission of OCD symptomatology, by serving to
augment pre-existing inhibitory deficits. The theoretical and clinical implications
these findings are discussed.

xvii

Overview
Obsessive-Compulsive Disorder (OCD) is a common and debilitating
anxiety disorder characterised by obsessions and/or compulsions. For several
decades, psychological mechanisms were believed to be primarily responsible for
the aetiology and maintenance of the disorder, and psychological interventions

constituted the main form of treatment. However, as a result of converging evide

from a large number of neurobiological disciplines, there was a shift to examine

OCD from a neurobiological perspective with specific brain structures implicate

(chapter 1). Collectively, this thesis attempts to address several key question

required clarification within the executive function literature of OCD. Clarifi
of these questions has the potential to have significant implications for
understanding the aetiology and maintenance of OCD symptoms, treatment
outcomes and relapse patterns.

A comprehensive review of the neuropsychological literature of OCD is

presented in chapter 2. The salient point to emerge from this review is the fin

that executive function deficits, which are believed to be mediated by the front

lobes, are commonly reported in OCD. However, the results are often inconsistent

and are obscured by some methodological difficulties. Furthermore, the limited u

of appropriate clinical control groups renders it difficult to determine whethe
impairments are specific to OCD or the result of psychopathology in general.

Accordingly, Study 1 (chapter 3) comprehensively examined executive functions i
OCD (n = 20) compared with Panic Disorder (PD; n = 20) an anxiety disorders

clinical control sample. This study investigated performance on tasks of inhibi

xviii

set shifting, working memory, planning and verbal fluency. The results indicated

that OCD subjects displayed a specific set of deficits in inhibition, set shift
working memory, not exhibited by the PD control group. Performance on verbal
fluency and planning was comparable to PD control subjects.

From the OCD literature and the results of Study 1 (chapter 3) it became

clear that determination of whether executive function deficits in OCD were sta

(trait markers) or whether they were transient (episode markers) was a critical

understudied area of research. Accordingly, a review of the literature regardin

and episode deficits in OCD is provided in chapter 4. This thesis addressed the
question of whether executive functions were trait or episode deficits in two

different ways. Firstly, from a cross-sectional perspective, an additional samp

Remitted OCD subjects (n = 20) was recruited in Study 2 (chapter 5) and compare
to both the original Symptomatic OCD group (n = 20) and PD control group (n =

20). It was found that OCD subjects displayed deficits in inhibition, set shift
working memory compared with the anxiety disorders control group. Furthermore,
Symptomatic and Remitted OCD groups displayed comparable results, interpreted

as reflecting trait marker deficits. That is, these deficits were found to be s
characteristics consistently deviant from normal levels, even during symptom
remission. Secondly, given the advantages of conducting a longitudinal design,

Study 3 (chapter 6) re-tested a sample of OCD subjects once they reached remitt

status. Results confirmed the stability of the executive function deficits exhi
OCD subjects over the longitudinal course of the disorder.

XIX

The profile of deficits that emerged from Studies 1, 2 and 3 m a y be related to
inhibition, as some information processing theories have argued that executive

function deficits are a consequence of dysfunctional inhibition. However, a revie

of the empirical literature examining inhibition found difficulties in interpret

results of some experimental paradigms. In particular, inhibitory and facilitator
processes were often confounded. Thus, it was unclear whether impaired
performance on these paradigms was the result of dysfunctional inhibition of a
suppressed response, greater facilitation of a primed response, or a combination
both. This issue has received little attention within the OCD literature and
warranted further scrutiny.

Accordingly, two paradigms were devised and used in Study 4 (chapter 7) to

separately assess the processes of facilitation and inhibition in OCD subjects th
were symptomatic (n = 20) and remitted (n = 11), PD control (n = 20) and normal
control subjects (n = 20). The prominent findings of this study were that OCD

subjects (Symptomatic and Remitted) independently displayed excessive facilitati

and reduced inhibition, in comparison to the PD group and the normal control grou

These deficits were interpreted as trait deficits occurring in both symptomatic a
remitted stages of the disorder.

In order to investigate the issue of which processes underlie symptom

expression in OCD and to examine the potential interaction of cognitive schema on

inhibition and facilitation anomalies, an additional study was conducted. Study 5

(chapter 8) examined the effect of exposure to threat-related stimuli on facilit

XX

and inhibition processes. This study assessed Symptomatic OCD (n = 20), Remitted
OCD (n = 11), PD controls (n = 20) and normal control subjects (n = 20) on the
facilitation and inhibition paradigms using personally threatening words. It was
found that overactive cognitive schemas provoked by threat-related stimuli,
exacerbated inhibition deficits in Symptomatic OCD subjects. Exposure to threat

words also decreased levels of inhibition for PD subjects, although this group di
not display the underlying inhibitory deficit that characterised OCD subjects.
Interestingly, Remitted OCD subjects did not display this exaggerated inhibitory

deficit for threat-related stimuli. Together these results are consistent with th
notion that abnormal inhibition and facilitation are trait markers but that only
inhibition deficit is exacerbated by anxiety or overactive cognitive schemas.

Moreover, the effect of overactive cognitive schema on inhibition is not specific
OCD and occurs in other anxiety groups such as PD.

In conclusion, this thesis provides evidence that OCD subjects suffer

executive functioning deficits that are stable through the course of the illness.
Experimental paradigms were devised to examine facilitation and inhibition
separately and it was demonstrated that OCD subjects suffered anomalies in both

processes. Finally, this thesis showed that overactive cognitive schemas amplifie
the inhibition impairment in OCD subjects and interfered with normal inhibition

functions amongst another anxiety disorders group. These findings have theoretica
and clinical implications, which are discussed in chapter 9. Limitations of this
and suggestions for future research are also addressed. The thesis therefore,
contributes new findings to the OCD literature and enhances the theoretical
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understanding of the mechanisms that m a y contribute to the psychopathology of this
clinical condition.
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Chapter 1. The Nature of Obsessive-Compulsive Disorder

1.1 Aims
The aim of this chapter is to provide an introduction to ObsessiveCompulsive Disorder (OCD) by discussing phenomenology, prevalence, age of

onset, course and prognosis, comorbidity, treatment options, and aetiological

theories of OCD. Coverage of the clinical issues is brief, whilst more attentio

be placed on aetiological theories as this relates more specifically to the t

1.2 Phenomenology
Consideration of OCD as a psychiatric syndrome has progressed throughout

the past 150 years from a variant of 'insanity' to a distinct anxiety disorder,
core clinical manifestations including obsessions or compulsions, but more
commonly both.

Obsessions are defined by the American Psychiatric Association in the

Diagnostic and Statistical Manual of Mental Disorders - Fourth Edition (DSM-I
American Psychiatric Association, 1994), as recurrent and persistent thoughts,

images or impulses that are experienced as intrusive and senseless. The perso

attempts to ignore or suppress such thoughts or impulses, or to neutralize th

some other thought or action. Compulsions are defined by the DSM-IV (American

Psychiatric Association, 1994) as repetitive, stereotyped or ritualised behavio

mental acts that the individual feels compelled or driven to perform, often i

attempt to reduce the anxiety caused by obsessions. Obsessions and compulsion
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are excessive and 'ego-dystonic' (i.e. there is a sense that the content of the

obsession is incongruent with the person's self-concept) and the symptoms cause
significant distress or functional impairment.

Whilst the content of specific obsessions and compulsions is similar across

OCD patients, there is substantial variability in the clinical presentation o

disorder. The most frequently identified presentation of OCD is both obsessio

compulsions. It is less likely that patients report obsessions in the absence o
compulsions, and even smaller numbers report compulsions in the absence of
obsessions (Goodman, Ward, & Murphy, 1998; Rasmussen & Tsuang, 1986a). As
identified in Table 1.1, the most common obsessions have been related to

contamination, followed by pathological doubt, need for symmetry and precision,
and somatic, aggressive, and sexual obsessions. The most common compulsions

have consisted of checking, followed by washing and counting (Foa & Kozak, 1995
Rasmussen & Eisen, 1992; Rasmussen & Tsuang, 1986b).

Table 1.1. C o m m o n
Experienced in O C D
E x a m p l e of obsessions
Contamination fear
Pathological doubts
Doubts about symmetry
and exactness
Somatic fears
Aggressive images
Sexual thoughts

Obsessions and Associated Compulsive

Behaviours

E x a m p l e of compulsions that typically correspond to
the obsession
Excessive ritualised handwashing; sterilizing things that others
m a y have touched
Repeated checking to see if the appliance is turned off
Arranging objects in their 'right place'; repeating actions until
it 'feels right'
Repeated checking of oneself for signs of a catastrophic
disease, such as A I D S or cancer
Asking others for reassurance that one has not committed
some violent act
Reciting ritualistic prayers for sexual thoughts to dissipate

Note. Obsessions are listed in order of frequency.
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Several researchers (Baer, 1994; Eapen, Robertson, Alsobrook, & Pauls,

1997; Leckman et al., 1997) have suggested that OCD is characterised by spec
clusters of symptoms that may constitute valid subtypes. Evidence of distinct
clinical subgroups of OCD comes from factor analysis studies. Leckman et al.
(1997) in the largest factor-analytic study of OCD symptoms identified four

symptom factors including, i) obsessions and checking, ii) symmetry and order
iii) cleanliness and washing, and iv) hoarding. Leckman et al. found, on

questionnaires assessing lifetime history of symptoms, that OCD patients repo

tendency to experience many symptoms within one or more of these clusters, but
patients rarely switched clusters. These symptom grouping factors have been

supported by several sources (Baer, 1994; Eapen et al., 1997; George, Trimble,

Ring, Sallee, & Robertson, 1993; Holzer et al., 1994; Miguel, Rauch, & Jenike,
1997; Zoharetal., 1997).

The association between Tourette's Disorder and OCD has been frequently

examined and there is research suggesting that 'tic-related OCD' may be a subt
of OCD (Holzer et al., 1994; Leckman et al., 1994). Tic-related OCD refers to
individuals that suffer OCD with comorbid tics or Tourette's Disorder. The
symptoms often include obsessions related to aggression, sex, symmetry and

religion, and compulsions related to touching, ordering, counting and repeati
comparison to non-tic related OCD, tic-related OCD has been reported to be

characterised by an earlier age of onset (George et al., 1993; Holzer et al.

Leckman et al., 1994; Miguel et al., 1995; Miguel et al., 1997; Pauls, Alsobro
Goodman, Rasmussen, & Leckman, 1995), to exhibit more severe symptomatology
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(Coffey et al., 1998), be morefrequentlyfound in males (George et al, 1993; Holzer
et al., 1994; Leckman et al., 1994; Pauls et al., 1995), exhibit different

neurochemical features (Leckman et al, 1994), and has a distinctive pattern of
treatment response (McDougle et al., 1993; McDougle, Goodman, & Price, 1994).

1.3 Prevalence
Until the mid 1980's, OCD was believed to be an uncommon disorder, with

early investigations reporting prevalence estimates as low as 0.05% within the

general population (Woodruff & Pitts, 1964). However, the rarity of the disord

has been questioned with epidemiological investigations suggesting that the d

is more prevalent than once thought (Karno, Golding, Sorenson, & Burnam, 1988;

Robins et al., 1984; Weissman et al., 1994). In the Epidemiologic Catchment Ar
Survey, lifetime prevalence rates ranged from 1.9% to 3.2% and one-year rates
ranged from 1.1% to 1.8%. Consistent with this, Kolada, Bland and Newman

(1994), in a study of 3258 randomly selected adult households, reported lifeti

six-month prevalence rates of 2.9% and 1.6%, respectively. Similarly, the DSM

(American Psychiatric Association, 1994) reports the lifetime prevalence of O
2.5%o and 1-year prevalence as 1.5% to 2.1%>.

Epidemiological community studies have reported a slight predominance of
females to males (Bebbington, 1998; Castle, Deale, & Marks, 1995; Weissman et
al., 1994), or a 1:1 ratio of female to male prevalence (American Psychiatric
Association, 1994; Karno et al., 1988).
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Comparable research in both developed and developing countries indicates

that there is little cultural or economic influence on OCD prevalence rate
standardised measures, studies have shown similar prevalence in the United

Canada, Puerto Rico, Germany, Taiwan, Korea, and New Zealand (Weissman et a

1994). Case reports also suggest considerable cross-cultural homogeneity in

from Denmark (Thomsen, 1991), India (Khanna & Channabasavanna, 1988), Japan
(Matsunaga et al., 1998), Benin (Bertschy & Ahyi, 1991) and Saudi Arabia
(Mahgoub & Abdel-Hafeiz, 1991).

1.4 Age of Onset

Mean age of onset appears to be consistent across studies, with bimodal pea

ages reported during adolescence (10-19 years) and early adulthood (20 - 2
Kolada, Bland, & Newman, 1994; Rasmussen & Tsuang, 1986b; White, 1992). On

average, 65% of cases become symptomatic before the age of 25, with up to 3

50%o of adults with OCD reporting symptoms in childhood (Pauls et al., 1995

Rapoport, 1990b). A decline of onset of symptoms after age 35 has been note

some authors (Kolada et al., 1994; Rasmussen & Tsuang, 1986a) and onset rar
occurs after age 50 (Jenike, 1991; Karno & Golding, 1991).

The mean age of onset has tended to be somewhat earlier for males than

females, with a mean age of 15.5 (SD = 5.4) for males, compared to 22.9 (SD
12.6) for females (Rasmussen & Tsuang, 1986a). Several other authors have

reported similar findings (Castle et al., 1995; Rapoport, Swedo, & Leonard,
Rasmussen & Eisen, 1989; Zohar, 1999).
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S o m e authors have suggested that age of onset differs among subtypes of
OCD. In particular, Noshirvani, Kasvikis, Marks, Tsakiris and Monteiro (1991)

reported in a sample of 307 adults with OCD, that early onset was associated w
increased checking, whereas late onset was associated with more washing

behaviours. Similar findings have also been reported by Minichiello, Baer, Jen
and Holland (1990) and Khanna and Mukherjee (1992). Furthermore, childhood

onset has been associated with greater severity, particularly in males (Hanna,
and a poorer prognosis (Rasmussen & Tsuang, 1986a). The age of onset may also

be related to familial transmission. For example, the rate of OCD and sub-thre

OCD among relatives of patients with early onset OCD (<18 years) has been show

to be approximately twice the rate reported in relatives of patients with lat

OCD (Pauls et al., 1995). Nestadt et al. (2000) in a family study, reported no

of obsessive-compulsive symptoms in first-degree relatives of OCD probands wit

disease onset after 18 years. Tics and increased familial rates of tic disord
also been linked with early onset OCD (Leonard et al., 1992).

1.5 Course and Prognosis
An insidious rather than an acute onset has been identified with no clear
precipitant, although the majority of patients report an increase in symptoms

coincident with stressful life events (Khanna, Rajendra, & Channabasavanna, 19
Khanna, Rajendra, & Channabasavanna, 1988a; Rasmussen & Tsuang, 1986a;

Rasmussen et al., 1989). Several studies have examined the prognosis of OCD, b
long-term studies are few. However, the course of OCD has been reported to be
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chronic and lifelong with symptom severity waxing and waning, even with treatment
(American Psychiatric Association, 1994; Rasmussen & Tsuang, 1986a; Rasmussen
et al., 1989).

Skoog and Skoog (1999) in a long-term follow-up study assessed 144 OCD
patients over a mean period of 47 years from illness onset. Improvement was

identified in 83% of patients, however, of this 35% continued to suffer clinic

significant symptoms and 28% continued to suffer symptoms at a subclinical lev
Among those with a chronic course, 64% had a fluctuating picture with
exacerbations and occasional slight temporary improvements. Complete recovery
was only identified in 20% of patients. Therefore, most individuals with OCD

continued to experience their obsessions and compulsions even after relatively
extended periods of time.

Similarly, Eisen et al. (1999) examined the course of illness in patients with

OCD over a two-year period. These authors concluded that the probability of fu
remission (essentially no obsessions or compulsions) from OCD was 12% and the

probability of partial remission (obsessions and compulsions to less than 1 ho
day) was 47%. After achieving remission from OCD, these authors reported that

probability of relapse was high, at 48%. These results further add to the body

literature indicating that the course of OCD appears to be chronic with waxing
waning symptoms.
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1.6 Comorbidity
Comorbidity refers to the co-existence of two or more distinct disorders

within the same individual. In OCD, comorbidity is considered the rule rather
the exception when referring to Axis I disorders. The Epidemiologic Catchment
Area survey reported that two thirds of OCD patients had a lifetime comorbid

psychiatric disorder. Crino and Andrews (1996a) in a study of lifetime comorb
found that 82% of OCD patients met DSM-III-R criteria for more than one

additional diagnosis. Rasmusssen and Eisen (1990) found that 30% of OCD patien
were diagnosed with a Major Depressive Episode, 27% Simple Phobias, 14% Panic

Disorder, 9% Agoraphobia, and 5% Tourette's Disorder. In a recent study, Eisen
al. (1999) also reported even higher comorbidity rates (see Figure 1.1) with

patients diagnosed with Major Depression, 23% Social Phobia, 21% Simple Phobia
and 20% Generalised Anxiety Disorder.

Figure 1.1. Comorbidity rates for Axis I disorders in O C D . F r o m Eisen et al.
(1999). Note. M D D = Major Depressive Disorder, G A D = Generalised Anxiety
Disorder.
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O C D is most often complicated by depression. Depressed m o o d appears to
be extremely common and a diagnosis of a Major Depressive Disorder has been

found in 28% to 55% of OCD patients (Barlow, DiNardo, Vermilyea, Vermilyea, &
Blanchard, 1986; Eisen et al., 1999; Karno et al, 1988; Steketee, Grayson, &
1985).

The prevalence of Axis II comorbidity in OCD is reported to be between 5%

to 30%o, with Avoidant and Dependent Personality Disorders the most frequentl

diagnosed personality disorders amongst OCD patients (Crino & Andrews, 1996b;

Diaferia et al, 1997; Rees, Hardy, & Barkham, 1997; Rodrigues & Del Porto, 19
Sanderson, Wetzler, Beck, & Betz, 1994). Despite sharing the name,
phenomenological and epidemiological evidence suggests that Obsessive-

Compulsive Personality Disorder and OCD are distinct phenomena, with concurr
Obsessive-Compulsive Personality Disorder and OCD less commonly diagnosed in
comparison to other personality disorders associated with OCD (Baer et al.,
Rodrigues et al., 1995).

1.7 Treatment
OCD was once believed to be a disorder that was refractory to treatment,
however, there are now available treatments with proven efficacy in the
management of OCD symptoms. This section will review the major treatment

options available for OCD, including pharmacotherapy, cognitive and behaviou
treatments, and psychosurgery.
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1.7.1 Pharmacotherapy
A comparison of the clinical efficacy of selective serotonin reuptake
inhibitors (SSRIs) compared with noradrenaline reuptake inhibitors in OCD (with

the exception of clomipramine), supports the idea that the inhibition of availab
serotonin is involved in a decrease of OCD symptomatology (Bergqvist, Bouchard,
& Blier, 1999; DeVane & Sallee, 1996; Goodman et al., 1990; Greist & Jefferson,

1998; Greist, Jefferson, Kobak, Katzelnick, & Serlin, 1995; Insel et al., 1983;

& Seay, 1999; Tollefson et al., 1994). The therapeutic effect of the SSRIs is to
block the 5-hydroxytryptamine (5-HT) uptake pump, which contributes to an
enhancement of synaptic levels of 5-HT. This in turn leads to an increase in
stimulation of receptors on post-synaptic neurons (Delgado & Moreno, 1998).

Clomipramine was the first medication to receive a Food and Drug
Administration approved indication for the treatment of OCD. Clomipramine is

distinguished from other tricyclic antidepressants by its additional potential

inhibit serotonin reuptake (Pigott et al., 1999). There is now empirical evidenc

from multicentre, double blind, placebo-controlled trials supporting the effica
clomipramine (The Clomipramine Collaborative Study Group, 1991), fluoxetine

(Tollefson et al., 1994), sertraline (Greist et al., 1995), and fluvoxamine (Kora
al., 1996), in the treatment of OCD. Approved recommendations, by the Food and
Drug Administration, for the treatment of OCD have since been granted for

fluoxetine, fluvoxamine, sertraline and paroxetine. Piccinelli, Pini, Bellantuo
Wilkinson (1995) in a meta-analytic review, reported that clomipramine was
superior to the SSRIs in improvement rates over placebo of 61.3%). Improvement
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rates over placebo were 28.5%, 28.2%o and 2 1 . 6 % for fluoxetine, fluvoxamine and
sertraline, respectively.

Consistent data has emerged concerning the pharmacological response of
patients with OCD. Two of the most important findings from the results of
multicentre, placebo-controlled trials, include i) at least six to 10 weeks of
administration is necessary before significant reductions in OCD symptoms are

noted, and ii) the majority of the OCD patients who respond to medication exhib
only partial improvement (mean reduction in OCD symptoms, as measured by the

Yale Brown Obsessive-Compulsive Scale from baseline, was 25% to 40%; (Greist et
al., 1995; The Clomipramine Collaborative Study Group, 1991; Tollefson et al.,
1994). This response is statistically superior to placebo treatment, but short

magnitude of medication response occurring in other disorders such as depressio
(Insel, 1991).

High relapse rates have also been identified with OCD medication. In a

study of clomipramine, 89% of responsive subjects relapsed within seven weeks o

ceasing the medication, even after one year of pharmacotherapy at adequate dosa
(Pato, Zohar-Kadouch, Zohar, & Murphy, 1988). Similarly, 80% of subjects who

were prescribed fluoxetine relapsed within 12 weeks of drug discontinuation (P
al., 1988). Furthermore, approximately 30% of OCD patients remain clinically

unchanged after an adequate trial of SSRIs (Rasmussen, Eisen, & Pato, 1993), an

others (8-15%) discontinue treatment due to side effects (Greist et al., 1995).

current medications at their best provide only partial remission for OCD and th
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typically require longer treatment duration and generally higher doses than is

necessary for other disorders. Given the side effects often associated with these

medications and the high relapse rates, non-pharmacological treatments, particula
behaviour therapy, have often been utilised.

1.7.2 Cognitive and Behavioural Treatments
Behaviour therapy for OCD typically consists of: i) exposure and ii) response

prevention. Exposure entails systematic and prolonged confrontation to the feared

or avoided object, thought or situation, and response prevention involves resist
postponement of the compulsion. The combination of these approaches is

hypothesised to lead to habituation to the feared stimuli (Dolberg, lancu, Sasson
Zohar, 1996). The effectiveness of behaviour therapy for OCD has been
demonstrated in controlled studies and meta-analyses (Kobak, Greist, Jefferson,
Katzelnick, & Henk, 1998; van Balkom et al., 1994). Results indicate that i)

behaviour therapy treatment is significantly more effective than control treatme

and ii) behavioural therapy treatment is associated with statistically significa
improvement pre- to post-treatment (improvement by one standard deviation). For
example, Foa and Kozak (1996) reviewed 12 outcome studies (n = 330) and reported
an average of 83 % of participants were responders (much or very much improved)
immediately after treatment. Other studies have reported success rates of 50% to
70% (Dar & Greist, 1992; Foa, Kozak, Steketee, & McCarthy, 1992; Marks et al.,
1998).
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However, difficulties with behaviour therapy have also been reported. For
example, approximately 20% to 25% of patients have been reported to drop out
during treatment (Greist, 1996; Hafher, Gilchrist, Bowling, & Kalucy, 1981), and
approximately 25% of patients refuse treatment with exposure and response
prevention outright (Foa et al., 1983). It has been suggested (Krochmalik, Jones,
Menzies, 2001) that these high rates may be the result of behaviour therapy

requirements eliciting high levels of anxiety in response to confronting a stimul

In comparison to pharmacotherapy and behaviour therapy, cognitive

interventions have been less studied. However, given the high relapse rates and s
effects of medication and the dropout rates of exposure and response prevention,
cognitive interventions are considered an alternative treatment option.

Several belief domains are believed to be important in the maintenance of

OCD, including inflated responsibility, overvalued ideation, and overestimation o
threat (Foa et al., 1983; Salkovskis & Warwick, 1986). Cognitive interventions
attempt to shift these cognitive distortions (Cottraux et al., 2001; Emmelkamp &
Beens, 1991; Emmelkamp, Visser, & Hoekstra, 1988; van Oppen et al., 1995). In a
comparison of cognitive therapy and exposure with response prevention Van Oppen
et al. (1995) reported symptom reduction of 20% for cognitive therapy and 23% for
exposure with response prevention after six weeks of treatment. However, at posttreatment both groups continued to improve with trends favouring a superior

efficacy for cognitive therapy. Furthermore, Cottraux et al. (2001) in a randomis
control trial found that cognitive therapy and behaviour therapy were equally

3 0009 03300594 8
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effective in O C D , however, at post-treatment reported that cognitive therapy had
beneficial effects for depression suffered by OCD patients.

Jones and Menzies (1997a; 1998a), using a form of cognitive therapy they
called 'Danger Ideation Reduction Therapy' (DIRT), which explicitly targets threatrelated beliefs, reported treatment was superior to the waiting-list control sample
post-treatment. DIRT has also been demonstrated to be a viable treatment option for
intractable cases of OCD (Krochmalik et al., 2001).

Hence, cognitive therapy presents a comparable efficacy to exposure with
response prevention, particularly with OCD patients who suffer severe depression,
report overvalued ideation, or have poor insight. Given that exposure with response
prevention requires the patient to confront the feared stimuli and elicit anxiety,
cognitive therapy may be considered a preferable treatment option, which has
proven to provide comparable efficacy to behaviour therapy.

1.7.3 Psychosurgery
OCD is one of the few psychiatric conditions for which neurosurgery is still
considered, although rarely, in severe cases resistant to pharmacological and
behavioural treatments. Table 1.2 provides a summary of the four main surgical
procedures for the treatment of OCD.

Longitudinal follow-up studies have reported treatment outcome data for
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Table 1.2. S u m m a r y of Psychosurgery Procedures for O C D
Surgery
Limbic Leukotomy
Capsulotomy
Subcaudate tractotomy
Anterior cingulotomy

Procedure
Cingulotomy plus subcaudate tractotomy
Disconnect frontolimbic and caudate-putaminal connections
Disconnect frontolimbic connections
Disconnect Papez circuit

Note. From Binder and Iskandar (2000).

neurosurgical procedures for O C D .

Sachdev and Hay (1996) reported an

improvement rate of 38% (mean 10-year post-surgery), for 26 patients who were

treated with combined orbitomedial and cingulate lesions, cingulate lesions on

orbitomedial lesions only. A further 23 % showed mild improvement and another
23%> showed no improvement. Other prospective studies have supported this

estimate of efficacy in OCD, with improvement rates for cingulotomy ranging f

25% to 38% (Baer et al., 1995; Jenike et al., 1991; Spangler et al., 1996), l

leukotomy approximately 38% (Hay et al, 1993), stereotactic subcaudate tractoto

approximately 34% (Bridges et al., 1994; Hodgkiss, Malizia, Bartlett, & Bridges

1995), and capsulotomy has reported improvement rates as high as 73% (Burzaco
1981).

Ethical and legal issues have limited the use of psychosurgery, however,

there is empirical research to indicate that modern neurosurgical procedures f

OCD are relatively safe (Baer et al., 1995; Jenike et al., 1991). Low mortality

have been reported and improvement is nearly always observed in the absence o
long-term adverse neuropsychological consequences (Gumming, Hay, Lee, &
Sachdev, 1995; Nyman & Mindus, 1995). Based on these findings, psychiatric
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neurosurgery is infrequently offered to patients with severe and intractable O C D , but
it is considered the last treatment option for patients.

1.8 Aetiological Theories
The clinical complexity of OCD is reflected in the variety of hypotheses

posited to explain its origin. More recent theories have emerged from sources that
are primarily based on neurobiological aetiologies such as neurochemistry,
neuroimaging and neutral circuits, neurological conditions associated with OCD,
and neuropsychology, but other theories have emerged including genetics and
cognitive behavioural theories. Each will be considered in turn.

1.8.1 Neurochemistry
Abnormality of the serotonin system and particularly hypersensitivity of
post-synaptic 5-HT receptors remains one of the leading hypotheses for the
underlying pathophysiology of OCD. The 'serotonin hypothesis' stems from two

sets of observations suggesting that 5-HT is a transmitter most closely associated
with symptom severity in OCD. Firstly, the symptoms of OCD appear responsive to

treatment with serotonin reuptake inhibitors, but not to drugs that primarily inh
reuptake of dopamine or norepinephrine (Barr, Goodman, & Price, 1993; Goodman

et al., 1990; Goodman, Kozak, Liebowitz, & White, 1996; Greist et al., 1998; Insel
Mueller, Alterman, Linnoila, & Murphy, 1985; Jenike et al., 1989; Murphy &

Pigott, 1990; Pigott, 1996; Zohar, Mueller, Insel, Zohar-Kadouch, & Murphy, 1987).

Secondly, several placebo-controlled studies have reported that acute administrat
of meta-chlorophenylpiperazine (mCPP) a selective 5-HTiB agonist, results in
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exacerbations of symptoms in O C D patients (Hollander et al., 1988; Hollander et al.,

1991a; Hollander et al., 1991b; Hollander et al., 1992; Pigott et al., 1991; Zoha
Insel, Zohar-Kadouch, Hill, & Murphy, 1988; Zohar et al., 1987).

However, despite the importance of research on the role of the serotonin
system in the mediation of OCD, to date no specific abnormality in the serotonin
system has been identified as a cause. While treatment trials clearly point to a

of serotonin in OCD, examination of the serotonin system and its specific recepto

have not clarified the specific abnormalities (Barr et al., 1994; Goodman & Price

1991; Zohar & Insel, 1987). Studies measuring baseline levels of serotonin, or it
metabolite, have failed to detect consistent evidence of significant differences
concentration of serotonin in patients with OCD in comparison to controls (Insel

al., 1985; Leckman et al., 1995; Thoren et al., 1980). Furthermore, despite a dru

having a therapeutic effect, this does not necessarily indicate that the conditio
related to a dysfunction in that system. Through the use of neuroimaging it is
becoming clear that lesions of specific brain circuits may lead to 'signature
symptoms', without impairment in central serotonergic neurotransmission.
Therefore, OCD may involve dysfunction of brain networks or regions that are
modulated by 5-HT neurons, as apposed to 5-HT dysfunction per se being the cause
of the disorder (Delgado et al., 1998).

1.8.2 Neuroimaging and Neural Circuits
Research studies have utilised brain imaging techniques to ascertain whether
structural or functional abnormalities underlie deficits observed in OCD.
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1.8.2.1 Structural Brain Imaging
Structural brain imaging may determine brain regions with gross
abnormalities in size or shape that are specific to OCD. Table 1.3 summarises the
outcomes of studies conducted with the use of Computer Tomography (CT) or
Magnetic Resonance Imaging (MRI), which are the main structural imaging
technologies. Compared with CT, MRI provides superior spatial resolution,
distinction between gray and white matter, and visualisation of neuroanatomic
structures in multiple planes (Saxena, Bota, & Brody, 2001).

Structural imaging studies to date present some detail about the
abnormalities associated with OCD although findings are not entirely consistent.
Investigations employing CT scans have identified increased ventricle to brain
matter ratio (an index of brain atrophy) or reduced volumes of caudate nuclei. MRI
studies have examined cerebral cortical structures in OCD patients and found
abnormalities within the caudate. Some MRI studies have measured cerebral
cortical gray and white matter volume and shape in OCD. Confirming results of
their earlier pilot study (Breiter et al, 1994), Jenike et al. (1996) found that OCD
patients had less total white matter. OCD patients also had greater total cortex and
opercular volumes. One interpretation of these results is that the structural brain
abnormalities underlying obsessive-compulsive symptoms might be widely
distributed.
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Table 1.3. Structural Neuroimaging Studies in O C D Subjects
Study
Insel, Donnelly,
Lalakea, Alterman, &
Murphy, 1983
Beharetal., 1984

Technique
CT

Subjects
O C D (n=10)
Controls (n=10)

Results for O C D subjects
N o significant difference

CT

V B R t in O C D

Luxenberg et al., 1988

CT

O C D (n=17)
Controls (n=16)
O C D (n=10)
Controls (n=10)
O C D (n=32)
Controls (n=14)

Garber, Ananth, Chiu, MRI
Griswold, & Oldendorf,
1989
Kellner et al, 1991
MRI
Scarone et al., 1992

MRI

Calabrese, Colombo,
Bonfanti, Scotti, &
Scarone, 1993
Stein etal., 1993
Robinson et al., 1995

MRI

Aylward et al., 1996

MRI

Jenike etal., 1996

MRI-based
morphometry
MRI

Rosenberg et al., 1997
Rosenberg et al., 1997
Stein, Coetzer, Lee,
Davids, & Bouwer,
1997

CT
MRI

MRI-based
morphometry
MRI

Szeszko etal., 1999

Magnetic
resonance
spectroscopy
MRI

Gilbert et al., 2000

MRI

Peterson et al., 2000

MRI

K i m et al., 2001

MRI

Barthaetal., 1998

OCD(n=12)
Controls (n=12)
O C D (n=20)
Controls (n= 16)
O C D (n=20)
Controls (n=14)
O C D (n=24)
O C D (n=26)
Control (n=26)
O C D (n=24)
Controls (n=21)
O C D (n=10)
Controls (n= 10)
O C D children (n=l9)
Controls (n=19)
O C D children (n=21)
Controls (n= 19)
O C D (n=13)
Trichotillomania
(n=17)
Controls (n=12)
OCD(n=13)
Controls (n=13)
O C D (n=26)
Controls (n=26)
O C D children (n=31)
Controls (n=21)
Patients - O C D ,
A D H D , Chronic Tic
Disorder (n=79)
Controls (n=34)
O C D (n=25)
Controls (n=25)

•I caudate nucleus volume in

OCD
abnormalities infrontalwhite
matter
N o significant difference
T volume of head of right
caudate nucleus
O C D : Left caudate > right
caudate; no asymmetry in
controls
N o significant difference
•I caudate nucleus
N o significant difference
i total white matter;
T total cortex volume
•1 striatal volume and t third
ventricle in O C D
T corpus callosum
N o significant difference
between groups

N o significant difference

i orbitofrontal cortex and right
amygdala volumes in O C D
t thalamic volume in O C D
T putamen and globus pallidus
volumes

t grey matter density in
orbitofrontal cortex and
thalamus

Note. T indicates elevated levels; i indicates decreased levels; V B R = ventricular brain ratio; C T =
computer tomography; M R I = magnetic resonance imaging; A D H D = Attention Deficit Hyperactivity
Disorder.
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Saxena et al. (2001) suggested that the various findings from structural

neuroimaging may reflect the heterogeneity of the disorder. For example, given that
several structural imaging studies have reported reduced volumes of the caudate

nucleus, it may be that a subgroup of patients with OCD, particularly patients with
childhood onset OCD or comorbid Tourette's Disorder, have abnormal basal ganglia
development. Consistent with this, reduced caudate volume has been reported in

subjects suffering with comorbid Tourette's Disorder (Hyde et al., 1995; Peterson e
al., 2000). Furthermore, Rosenberg et al. (1997) reported that children with OCD
had reduced putamen volume. Thus, neuroimaging studies are required that
specifically examine patients with childhood onset OCD or OCD patients with
comorbid Tourette's Disorder, to determine whether this heterogeneity accounts for
the discrepancies in the structural neuroimaging findings.

1.8.2.2 Functional Brain Imaging
Regional cerebral blood flow (rCBF), which has been shown to correlate
highly with cerebral metabolism, is one way of examining brain functioning
(Velakoulis & Pantelis, 1996). Functional neuroimaging studies of OCD have
concentrated on three paradigms: i) resting state brain metabolism, ii) symptom
provocation, and iii) treatment interventions. Each will be considered in turn.

1.8.2.2.1 Resting State Brain Metabolism
The initial studies of neuroimaging of OCD compared neurometabolic
abnormalities during 'resting states'. Positron Emission Tomography (PET) and
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Single Photon Emission Tomography (SPECT) have been the primary technologies
used.

P E T , which offers better spatial resolution than S P E C T , is a high resolution
imaging technique where the subject is given a radioactively labelled form of

glucose that is metabolised in the brain. The isotopes used in PET emit positrons

The positrons collide with electrons to emit radiation that are recorded (Saxena,

Brody, Schwartz, & Baxter, 1998). Table 1.4 summarises the results of PET studies
in OCD, where between-group comparisons indicated elevated rCBF in the

orbitofrontal cortex, basal ganglia and thalamus for OCD subjects (see Table 1.4

Table 1.4. P E T Studies in O C D Subjects
Study
Baxter etal, 1987

Baxter etal., 1988
Nordahl et al., 1989

Swede etal., 1989

Subjects
O C D (n=14)
Normals (n=14)
Depression (n=14)
O C D (n=10)
Depression (n=10)
O C D (n=8)
Normals (n=30)
OCD(n=18)
Normals (n= 18)

O C D (n=16)
Normals (n=8)
Sawle, Hymas, Lees, O C D (n=6)
&Frackowiak, 1991 Normals (n=6)
OCD(n=ll)
Peranietal., 1995
Normals (n= 15)
O C D (n=27)
Saxena etal., 2001
Depression (n=27)
Comorbid OCD/Depression
(n=17)
Normals (n= 17)
Martinot et al., 1990

Results for O C D subjects
T metabolism in orbital gyri and
caudate nuclei
t metabolism in orbital gyri and
caudate nuclei
t metabolism in orbitofrontal
cortex
4- metabolism in parietal cortex
t metabolism in orbitofrontal,
prefrontal, anterior cingulate,
right thalamus and cerebellum
4 metabolism in lateral prefrontal
region
t metabolism in orbitofrontal,
premotor and midfrontal cortex
t metabolism in cingulate,
lentricle nuclei and thalamus
T metabolism in thalamus in
O C D alone and depression alone

Note, f indicates elevated levels; -l indicates decreased levels.
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S P E C T employs radioisotopes that emit a single photon of energy to provide

the signal for tomographic isolation. It differs from PET in that the tracer e
single photon rather than numerous particle collisions (Saxena et al., 1998).
1.5 summarises the results of SPECT studies in OCD.

Table 1.5. S P E C T Studies in O C D Subjects
Study
Machlin etal., 1991
Rubin, VillanuevaMeyer, Ananth,
Trajmar, & Mena,
1992
Adams, Warneke,
M c E w a n , & Fraser,
1993
Edmonstone et al.,
1994
Luceyetal., 1995

Lucey et al., 1997

Crespo-Facorro et
al., 1999
Busatto et al., 2000
Alptekinetal., 2001
Busatto et al., 2001

Subjects
O C D (n=10)
Normals (n=8)
O C D (n=10)
Normals (n=10)

Results for O C D subjects
f medial-frontal cortex blood flow correlated
with anxiety
t metabolism in orbital gyri and parietal
cortex
4 metabolism caudate nuclei

OCD(n=ll)

4 metabolism in left basal ganglia

O C D (n=12)
Normals (n=12)
Depression (n=12)
O C D (n=30)
Controls (n=30)

4 metabolism bilaterally in basal ganglia

O C D (n=15)
PTSD (n=16)
Panic Disorder (n=15)
Normals (n=15)
O C D (n=27; 7 with
tics)
Controls (n= 16)
O C D (n=26)
Controls (n=22)
O C D (n=9)
Controls (n=6)
Early onset O C D
(n=13); late onset
OCD(n=13)
Controls (n=22)

4 metabolism in right superior frontal cortex,
right inferior frontal cortex, right caudate
nucleus,rightthalamus, left temporal cortex
and left parietal cortex
4 right caudate and bilateral superior frontal
cortex in O C D and P T S D versus controls

4 right orbitofrontal cortex in O C D without
tics
4 uptake inrightlateral orbitofrontal cortex,
and the anterior cingulate
trightthalamus, leftfrontotemporalcortex
and bilateral orbitofrontal cortex
4rightthalamus, left anterior cingulate
cortex, and bilateral inferior prefrontal cortex
found in early onset O C D compared to late
onset; early onset O C D compared to controls,
Trightorbitofrontal and left anterior
cingulate r C B F

Note. T indicates elevated levels; 4 indicates decreased levels; P T S D = Posttraumatic Stress
Disorder.
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S P E C T studies have provided evidence for abnormalities in the basal

ganglia, but less consistently than PET studies potentially due to technical probl
with the SPECT technique. Whilst the SPECT findings show abnormalities, there

are discrepancies as to the site of these abnormalities (see Table 1.5). Some auth
have shown decreased left and right activity in the basal ganglia (Adams et al.,
1993), yet others have found decreased activity in the caudate nucleus (CrespoFacorro et al., 1999; Lucey et al., 1995).

1.8.2.2.2 Symptom Provocation
Provocation studies involve deriving brain images whilst attempting to
induce symptoms in patients (e.g. scanning an OCD patient with washing
compulsions whilst showing them a 'contaminated' object). Provocation is achieved

by one of several methods: in vivo exposure, imaginal exposure or administration of
serotonin agonists (i.e. mCPP and sumatriptan). Provocation studies provide a more
direct examination of brain activity associated with obsessive-compulsive
symptoms. Table 1.6 provides a summary of the results of symptom provocation
studies.

Symptom provocation studies strongly link the expression of OCD
symptoms with activation of the orbitofrontal cortex, anterior cingulate, thalamus
and basal ganglia, as evident from Table 1.6. Interestingly, it has been shown

(Zohar et al., 1989) that imaginal flooding is associated with increased rCBF in m
cortical regions, whereas in vivo exposure is associated with decreased rCBF,
particularly in the parietal and temporal regions. Symptom provocation states have
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Table 1.6. Symptom Provocation Studies in O C D Subjects

Study

Technique

Procedure
In vivo
exposure
Imaginal
exposure
mCPP

Zohar et al.,
1989

SPECT

Subjects
O C D (n=10)

Hollander et
al., 1991
McGuire et
al., 1994

SPECT

O C D (n=14)

PET

O C D (n=4)

In vivo
exposure

Rauch et al.,
1994

PET

O C D (n=8)

In vivo
exposure

Hollander,
Prohovnik, &
Stein, 1995
Breiter et al.,
1996

SPECT

O C D (n=14)

mCPP

fMRI

OCD(n=10)
Controls
(n=5)

Cottraux et
al., 1996

PET

O C D (n=10)
Controls
(n=10)

Stein et al.,
1999

SPECT

O C D (n=14)

Imaginal
exposure
In vivo
exposure
Auditory
presentation
of
obsessions
Sumatriptan

Adler et al.,
2000

fMRI

O C D (n=7)

In vivo
exposure

OCD
(washes,
n=7;

In vivo
exposure

Phillips et al., fMRI
2000

Results
4 r C B F in parietal-occipital regions
related to in vivo exposure
T r C B F in temporal region related to
imaginal exposure
T r C B F in frontal lobes
Positive correlation between
symptoms and r C B F inrightinferior
frontal gyrus, caudate nucleus,
putamen, globus pallidus, thalamus,
left hippocampus and posterior
cingulate gyrus.
Negative correlation between
symptoms and r C B F inrightsuperior
frontal cortex and tempo-parietal
junction
t r C B F in right caudate nucleus, left
anterior cingulate cortex, and bilateral
orbital prefrontal cortex
T global cortical perfusion for those
w h o responded to /nCPP
T r C B F in medial orbitofrontal,
anterior temporal, anterior cingulate,
insular cortex, caudate nucleus,
lenticulate, and amygdala
T r C B F in superior gyri temporal
correlated with T in orbitofrontal
regions in both controls and O C D .
4 r C B F in basal ganglia
T r C B Frightthalamus and putamen,
4 r C B Frightcaudate symptom
exacerbation associated with T right
cerebellum and 4 left inferior frontal
and midfrontal areas
t r C B F orbitofrontal, superior frontal
and dorsolateral prefrontal cortex,
right anterior cingulate, anterior,
medial, lateral temporal cortex
tfronto-striatalin area associated
with urge toritualisein O C D checkers

checkers,
n=7)
Controls
(n=14)
Note, t indicates elevated levels; 4 indicates decreased levels; P E T = positron emission tomography;
S P E C T = single photon emission tomography; m C P P = meta-chlorophenylpiperazine; f M R I =
functional magnetic resonance imaging; rCBF = regional cerebral blood flow.
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produced greater brain activation in the right caudate nucleus, anterior cingulate

cortex, and bilaterally in the orbital prefrontal cortex. Symptom severity has be
shown to correlate positively with activation of the left anterior orbitofrontal

(Rauch et al., 1994). These findings may be interpreted to suggest different subregions play opposing roles in mediating and suppressing OCD symptoms.
Furthermore, it has been suggested that positive correlations between symptom

severity and rCBF to frontal cortex, striatum, globus pallidus and thalamus might

related to urges to perform compulsive movements, whilst the positive correlation

with hippocampal and cingulate gyrus rCBF might be related to anxiety, rather tha
OCD per se (McGuire et al., 1994).

Examining the specificity of the rCBF changes observed in OCD, Rauch et
al. (1995), Rauch et al. (1996) and Rauch, Savage, Alpert, Fischman and Jenike

(1997) determined that changes in the caudate nucleus and orbital prefrontal cort

were unique to OCD, whereas anterior cingulate activation was common to all three

anxiety disorders (i.e. Simple Phobia and Posttraumatic Stress Disorder and OCD).

Hyperfrontality has been shown with administration of mCPP, which has
been reported to exacerbate obsessive-compulsive symptoms in OCD (Hollander et
al., 1991a; Hollander et al., 1995). Similarly, administration of sumatriptan (a

serotonin agonist) to OCD subjects has been reported to increase uptake in the ri
thalamus (Stein et al., 1999). These findings are consistent with neuroimaging

studies that have shown greater brain activation with symptom provocation in OCD.
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1.8.2.2.3 Treatment Studies
The majority of neuroimaging studies of treatment intervention in OCD
involve pharmacotherapy or behaviour therapy with subjects scanned prior and
subsequent to the intervention. Treatment studies indicate that changes in OCD
symptom severity that result from these interventions are accompanied by
corresponding decreases in rCBF in the orbitofrontal cortex, caudate nucleus and
thalamus. As treatment studies attempt to assess episode and trait markers of OCD,
these findings will be discussed in more detail in chapter 4.

1.8.2.3 Summary of Neuroimaging
Consistent findings from the neuroimaging literature include increased

activity in the orbitofrontal cortex (see Figure 1.2), anterior cingulate (see Figu

1.3), thalamus (see Figure 1.4) as well as the basal ganglia (see Figure 1.4). Thes
studies have shown that this hyperfrontality is present at rest, reduced with
successful treatment (pharmacotherapy or behaviour therapy) and exacerbated by
provocation of OCD symptoms. Structural neuroimaging data have identified
increased ventricle to brain matter ratio and decreased volumes of the caudate,
although not always consistently.
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Orbitofrontal
Cortex

Figure 1.2. A lateral view of the approximate boundary of the orbitofrontal
cortex. From Kolb and Whishaw (1990)

Figure 1.3. Medial view of the cingulate cortex. From Kolb and Whishaw
(1990)
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Putamen
Caudate
head

.Caudate tail

Thalamus
Amygdala

Figure 1.4. T h e basal ganglia (caudate, putamen, amygdala) and thalamus.
F r o m Kolb and W h i s h a w (1990)

1.8.2.4 Neural Circuits
Five parallel cortico-striatal circuits or 'loops' are believed to exist that

connect regions of the frontal lobes to subcortical structures. As evident in Figur

1.5, these circuits project from specific cortical regions, to corresponding subreg
of the striatum, to specific regions of the thalamus, and then back to the same
cortical regions in the frontal cortex (Alexander, Delong, & Strick, 1986;
Cummings, 1993).

Frontal Cortex
it

i
Striatum

i
Pallidum

i
Thalamus

Figure 1.5. Organisation of the frontal-subcortical circuit. F r o m Royall et al.
(2002)

The neural pathways form feedback loops, which are posited to be important
in regulating various cognitive and behavioural processes. In particular, the

orbitofrontal-subcortical circuits are thought to be involved in the aetiology of
(Baxter, 1992; Baxter, Schwartz, Guze, Bergman, & Szuba, 1990; Insel, 1988;
Rapoport & Wise, 1988; Rauch & Jenike, 1997; Rauch & Jenike, 1993).

Disturbances of this circuit are suggested to lead to reduced inhibition, difficu
switching mental and behavioural sets, decreased social control and emotional
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lability (Alexander, Crutcher, & DeLong, 1991). Thus, the corticostriatal circuits
involving the orbitofrontal cortex, caudate nucleus, and thalamus are suggested to
implicated in the aetiology of OCD.

1.8.3 Neurological Conditions Associated with OCD
Case reports of patients suffering a neurological illness and exhibiting
obsessive-compulsive symptoms lead researchers to hypothesise that
neuroanatomical substrates may be implicated in OCD. Obsessive-compulsive
symptoms were first described in postencephalitic parkinsonism that followed the

epidemic of encephalitis lethargica in 1917, which is an infectious neurotoxic lesi
Autopsy results reported lesions of the basal ganglia which led researchers to
hypothesise that the basal ganglia may be implicated in OCD (Cheyette &
Cummings, 1995). Since this time obsessive-compulsive symptoms have been
described in several neurological conditions such as Tourette's Disorder,
Sydenham's chorea and Huntington's disease, all which involve the basal ganglia.

1.8.3.1 Tourette's Disorder
Tourette's Disorder is characterised by the presence of both motor and vocal
tics (American Psychiatric Association, 1994) and there is much evidence in support
of an association between OCD and Tourette's disorder.

Genetic studies suggest that some forms of OCD may be the expression of
the same gene as that related to Tourette's Disorder. For example, Price, Kidd,
Cohen, Pauls and Leckman (1985), in a study of 43 pairs of twins in which one of
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each pair was diagnosed with Tourette's Disorder, reported obsessive-compulsive
symptoms in 83% of subjects. Price et al. (1985) further reported a greater
frequency of obsessive-compulsive symptoms in monozygotic twins (52%),
compared with dizygotic twins (15%). Similarly, Pauls and Leckman (1986)

reported a greater frequency of OCD in first-degree relatives of Tourette's Disor
patients.

Comorbidity studies have consistently found elevated rates of obsessivecompulsive symptoms or OCD in patients with Tourette's Disorder, with rates
ranging from 12% to as high as 90% (American Psychiatric Association, 1994;
Como, 1995; Leckman, Walker, Goodman, Pauls, & Cohen, 1994; Pauls &
Leckman, 1986). Conversely, lower rates of tics or Tourette's Disorder have been
found in patients with OCD, with rates ranging from 7% to 37% (Miguel et al.,
1995; Pitman, Green, Jenike, & Mesulam, 1987).

Neurobiological studies suggest that Tourette's Disorder may involve
disordered serotonergic, dopaminergic and noradrenergic neurotransmission
(Leckman et al., 1995). Furthermore, neuroimaging studies have reported
neurobiological abnormalities in the basal ganglia and orbitofrontal cortex in

Tourette's Disorder (Chase et al., 1984) as well as volumetric abnormalities of t

putamen (Peterson et al., 1993; Singer, 1993). Similar findings have been reported

in the OCD literature, supporting the possibility that there is a similar underly
neurobiology (Sheppard, Bradshaw, Purcell, & Pantelis, 1999).
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1.8.3.2 Sydenham's chorea
Sydenham's chorea, a disorder that afflicts children and adolescents, is a
complication of rheumatic fever characterised by sudden, aimless, irregular
movements of the extremities (Rapoport, 1990a). Up to 70% of individuals
diagnosed with Sydenham's chorea have been found to exhibit obsessivecompulsive symptoms (Swedo et al., 1989). Early post-mortem studies reported
neural degeneration that was most evident in the striatum (Greenfield & Wolfsohn,
1922). Neuropathological findings indicate that 50% of patients with Sydenham's
chorea have specific antibodies to caudate and putamen nucleus neurons (Husby,
van de Rijn, Zabriskie, Abdin, & Williams, 1976).

Swedo et al. (1989) and Swedo et al. (1993) described a relationship between
Sydenham's chorea and obsessive-compulsive symptoms. Swedo et al. (1989)
found that children who reported a previous history of Sydenham's chorea presented
a greater prevalence of obsessive-compulsive symptoms. Swedo et al. (1993) found

antibodies directed against caudate tissue in 10 of the 11 children in the acute p
of Sydenham's chorea. These children also reported a history of obsessivecompulsive symptoms that started shortly before the onset of the disorder, reached
peak in line with the motor symptoms, and declined before their resolution.

1.8.3.3 Huntington's disease
Huntington's disease is a genetic disorder with an autosomal dominant
pattern of inheritance, which is characterised by chorea and dementia (Maia,
Barbosa, Menezes, & Miguel Filho, 1999). The disorder results in neurotoxicity to
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the basal ganglion that causes degeneration. This degeneration has been shown to
be expressed in various symptoms including OCD and obsessive-compulsive
behaviours (Baxter, 1990; Cummings & Cunningham, 1992). In particular, Marder
et al. (2000) reported that 22.3% of their sample of 960 patients diagnosed with
Huntington's disease suffered obsessive-compulsive symptoms. Similarly,
Anderson, Louis, Stern and Marder (2001) found that 52% of patients with

Huntington's disease reported at least one current obsessive symptom, with the m
frequently endorsed obsessions including aggression (26%) and contamination
(22%).

1.8.3.4 Summary of Neurological Conditions
In conclusion, there is evidence demonstrating that OCD symptoms occur in

several neurological conditions that involve basal ganglia pathology, suggesting
the basal ganglia may be implicated in the neuropathology of OCD.

1.8.4 Genetics
Evidence that genetic factors may play a significant role in the aetiology of
OCD comes from two sources: i) twin studies and ii) family studies. Rates of
concordance of OCD are significantly higher in monozygotic twins, compared to
dizygotic twins (American Psychiatric Association, 1994; Pauls, Raymond,
Stevenson, & Leckman, 1991; Rasmussen & Eisen, 1990; Turner, Beidel, & Nathan,

1985), where the monozygotic to dizygotic ratio is 2.19 to 1.00 (Billett et al., 19
In a review of the twin study literature, Rasmussen and Tsuang (1986a) reported
monozygotic concordance rates ranging from 53% to 87% and dizygotic
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concordance ranging from 2 2 % to 4 7 % .

Clifford, Murray and Fulker (1984)

estimated the heritability of obsessional traits as 44% and the heritability of
obsessive-compulsive symptoms as 47%. These results are consistent with the
suggestion that genetic factors are important in the expression of OCD.

Family studies suggest that the incidence of O C D among first-degree
relatives of OCD probands ranges from 3% fo 12%. However, the rate of obsessivecompulsive behaviours, or subclinical OCD in first-degree relatives, has been
reported as high as 8% to 31% (Black, No yes, Goldstein, & Blum, 1992; Lenane et
al., 1990; Pauls et al., 1995; Rasmussen & Tsuang, 1986a). Lifetime prevalence of
OCD has been reported to be 11.7% in relatives of OCD probands (Nestadt et al.,
2000). Figure 1.6 shows the averaged prevalence rates from genetic studies.

Monozygotic Dizygotic twins First degree
twins
relatives
(OCD)

First degree
relatives (OC
symptoms)

Figure 1.6. Prevalence rates (averaged) for genetic components of O C D .
O C symptoms = obsessive-compulsive symptoms.
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Little is k n o w n about specific ' O C D genes' or what affect such genes might
have on brain function. Also unexplained are the reasons why the disorder lies
dormant for several years and what factors trigger the disorder in genetically
predisposed individuals. Although strong evidence suggests that there is a genetic
component of OCD, given that monozygotic concordance rates are not 100%, it is
likely that non-genetic factors are also implicated in the aetiology.

1.8.5 Behavioural and Cognitive-Behavioural Theory
Until recently psychological mechanisms, especially conditioning, were
viewed as contributing factors to the aetiology and maintenance of OCD. Mowrer

(1960), in his two-factor model, attempted to account for the development of anxiet
by suggesting that fear of specific stimulus develops when a neutral event becomes

associated with an adversive stimulus, provoking discomfort or anxiety (i.e. classi
conditioning). In the second stage of the model, the fear is maintained by operant

conditioning, whereby the individual learns to reduce stimulus threat by escape and
later avoidance.

Other researchers (e.g. Foa & Kozak, 1986; Rachman, 1971; Rachman,
1977; Rachman, 1990) have refined this theory to apply more specifically to OCD.
For example, Rachman and Hodgson (1980) hypothesised that through classical
conditioning, normal intrusive thoughts in OCD become associated with anxiety that
has failed to dissipate. This lack of anxiety reduction is viewed as a consequence
avoidance behaviours that develop in OCD individuals. The occurrence of intrusive
thoughts serve as a 'threat-cue' where the individual responds by attempting to
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avoid, suppress or neutralise the thought. These early theories have been useful in
the development of treatment strategies, such as exposure and response prevention,
however, they do not fully account for all OCD phenomena. In particular, although
theories involving conditioning have explained the maintenance of obsessions and
compulsions, they have not adequately explained the aetiology or episodes of
relapse in patients.

One of the most widely accepted cognitive-behavioural formulation for the
development of OCD, is that proposed by Salkovskis (1985). The central feature of
this model is that normal intrusive thoughts, impulses, images, and/or doubts
(experienced by up to 90% of the general population), are appraised by the
individual vulnerable to OCD, as indicating that they are personally responsible for
danger or harm to others or themselves. Distress and anxiety are experienced as a
consequence of this appraisal. This leads to behaviours designed to neutralise the

perceived threat, discomfort or responsibility, which are either overt (e.g. checking
compulsions) or covert (e.g. cognitive rituals) in nature. When such neutralising
behaviours are adopted, an immediate reduction in anxiety is experienced and the
anxiety is negatively reinforced, increasing the likelihood of future occurrences of
the behaviour. As this cycle repeats itself, the neutralising behaviour becomes more
stereotyped, and an obsessional ritual is established. Thus, anxiety and neutralising
behaviours interact to maintain the negative beliefs concerning responsibility,
arising from the occurrence and content of intrusions (Salkovskis, Forrester, &
Richards, 1998).
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Alternatively, it has been suggested that danger expectancy, rather than
personal responsibility, is a mediating factor in obsessive-compulsive behaviours
(Menzies, Harris, Cumming, & Einstein, 2000). This postulation is supported by

research indicating that: i) the likelihood and severity of illness ratings are corr
with compulsive washing, rather than ratings of responsibility (Jones & Menzies,
1997b), ii) an increase in symptomatology among OCD washes occurs when danger
expectancies are increased experimentally (Jones & Menzies, 1998b), and iii)
reductions in symptomatology of OCD washes occurs when treatment strategies
target danger expectancies (Jones & Menzies, 1997a; Jones & Menzies, 1998a).

Menzies et al. (2000), based on the findings of their study of non-clinical subjects,
suggested that perceived responsibility leads to an increased severity of danger
ratings, and thus proposed that danger expectancy is the mediating factor in OCD.
The examination of danger expectancies requires further empirical evaluation in
clinical OCD samples.

1.8.6 Neuropsychology
Neuropsychological testing allows researchers to document the range and
severity of cognitive dysfunction in OCD patients. The neuropsychological
literature in OCD presents a complex and mixed set of findings. Some domains of
functioning show consistent deficits, yet other domains show more variable
outcomes. As the neuropsychology of OCD is a central aspect of this thesis, chapter
2 will comprehensively address this issue.
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1.8.7 S u m m a r y of Aetiological Theories
Despite the fact that the precise cause of OCD is not understood, converging
evidence from neurochemistry, neuroanatomy and neuropathology indicate the
strong likelihood of a neurobiological deficit. In particular, the neurochemical
literature implicates the 5-HT system. Data has shown that symptoms of OCD
appear responsive to treatment with SSRIs and in contrast, administration of mCPP
elicits exacerbations of OCD symptoms. Structural neuroanatomy indicates
increased ventricle to brain matter ratio and decreased volumes of the caudate,
although not always consistently. Functional neuroimaging studies report more

consistent abnormalities in the orbitofrontal cortex, anterior cingulate, elements of
the basal ganglia and thalamus. Neuropathology studies have drawn links between
the basal ganglia and obsessive-compulsive behaviour in a number of neurological
disorders such as Tourette's Disorder, Sydenham's chorea, and Huntington's
disease, raising the question of a common underlying neuropathology.

Other factors have been implicated in the aetiology of OCD, particularly
genetics and dysfunctional conditioning mechanisms or belief systems. Rates of
concordance of OCD have been shown to be higher in monozygotic twins compared
to dizygotic twins, and family studies suggest that the incidence of OCD among
first-degree relatives of OCD probands is elevated. Alternatively, cognitive
behavioural theories have attempted to account for OCD by suggesting that
obsessive-compulsive problems occur as a consequence of the meaning (typically

threat-related) that patients attach to the content of the intrusive thoughts. Apprai
of intrusive thoughts as an indication of increased personal responsibility, results
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distress. These cognitive factors m a y then interact with dysfunctional learning
mechanisms and unhelpful coping strategies (i.e. avoidance). Consequently, several
aetiological theories of OCD have been suggested, which contribute to an
understanding of the disorder. Many theories point to a neurobiological deficit,
however, further examination of this is required to elucidate the cause of OCD
obsessions and compulsions.

1.9 Conclusions
OCD is a common and debilitating anxiety disorder, characterised by
recurrent obsessions and/or compulsions. Symptoms typically begin in adolescence
and are fully manifested by the late teenage years to mid-twenties. The symptoms
follow a lifelong course of stress-sensitive waxing and waning and are frequently
accompanied by comorbid disorders, especially depression. Gender, culture, and
nationality do not appear to have a significant effect on OCD prevalence.

Converging evidence provides support for a neurobiological model of OCD,
implicating dysfunction in specific brain regions, particularly the orbitofrontal

cortex, anterior cingulate, thalamus, and basal ganglia and the circuits that connect
these regions. These particular brain regions involved in the neuropathology of
OCD are suggested from data demonstrating the beneficial effects of
pharmacological treatment, abnormalities associated with structural and functional
brain imaging in patients with OCD, and evidence from OCD symptoms present in
selected neurological disorders.
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Neuropsychological testing allows researchers to examine the functions that
are believed to be associated with these brain regions. Therefore, researchers have
conducted neuropsychological testing with OCD subjects to determine normal and

abnormal cognitive processes involved, as well as factors potentially influencing the
recurrent intrusive obsessional thoughts and compulsive rituals. The following
chapter will discuss the neuropsychology of OCD.
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Chapter 2. The Neuropsychology of O C D

2.1 Aims
The aim of this chapter is to discuss the neuropsychology of OCD, which can
be broken into two broad areas, memory and executive functions. This is achieved
by discussing literature regarding memory deficits, executive function deficits,

limitations with past research regarding executive functions, and briefly reviewi
research regarding brain structures implicated in executive functions.

2.2 Memory Functions in OCD
Several theories have suggested that memory impairments might underlie
obsessive-compulsive symptoms (Radomsky & Rachman, 1999; Tallis, 1997).
Investigations of memory in OCD have included assessments of memory for prior
actions, verbal memory, nonverbal memory and visuospatial memory.

Persons with checking compulsions continue to remain doubtful that a check
was performed correctly, despite recent checking. Consequently, it has been

hypothesised that such rituals are related to a failure of memory for prior actio

Rubenstein, Peynircioglu, Chambless and Pigott (1993) found that individuals with
subclinical checking symptoms, compared with non-checkers, exhibit poorer recall

for previous actions. Further research has shown that compulsive checkers exhibit

more difficulties for these types of memories than compulsive washers (Sher, Fros

Kushner, Crews, & Alexander, 1989; Sher, Frost, & Otto, 1983). In particular, Sher,

et al. (1983) reported that checkers, in comparison to non-checkers, not only had

42

poorer m e m o r y for prior actions but also underestimated their ability to distinguish
memories of real versus imagined events (i.e. reality monitoring). The authors
concluded that poorer memory for prior actions necessitates repeated checks to
insure that an action has been carried out, and doubt about whether the memory is a
real or imagined event necessitates further repeated checking.

Deficits in procedural motor memory for prior actions have also been
demonstrated in OCD subjects. Ecker and Engelkamp (1995) reported that OCD

checkers displayed poorer recall for motorically coded actions, and were more likel
to confuse their memories for actions they had performed, versus actions that they
had been simply asked to imagine performing. Thus, the demonstrated deficits in
reality monitoring and memories for prior actions in individuals with OCD or
subclinical OCD checking compulsions have been postulated to account for why
these individuals continue to doubt despite repeated checking. However, not all
researchers have confirmed these deficits in reality monitoring (Constans, Foa,
Franklin, & Mathews, 1995; McNally & Kohlbeck, 1993; Merckelbach & Wessel,
2000).

It has been suggested that memory for threatening stimuli may present a
different set of findings. Radomsky and Rachman (1999) presented compulsive
handwashers with either 'contaminated' or 'uncontaminated' objects. Data from a
recall test showed that OCD subjects displayed better memory for contaminated
objects. Radomsky, Rachman and Hammond (2001) replicated these findings and
demonstrated that OCD subjects displayed better memory for anxiety-relevant
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stimuli w h e n feelings of responsibility were inflated. However, under conditions of

no responsibility, no memory bias was evident. The authors interpreted these result
as demonstrating that OCD patients have a memory bias for anxiety-relevant stimuli,
rather than a memory deficit per se. Tolin, Abramowitz, Brigidi, Amir, Street and
Foa (2001), however, failed to replicate the finding that OCD subjects suffer
impaired memory accuracy, and instead reported a decrease in the confidence of
remembered stimuli when repeatedly exposed to threat-related stimuli (such as
repeated checking). Thus, rather than OCD individuals exhibiting a general memory
deficit, Tolin et al. (2001) argued that they exhibit a deficit for 'confidence in
memory' for threat-related stimuli. Much of the research has supported this deficit
for neutral stimuli (MacDonald, Antony, MacLeod, & Swinson, 1999; McNally et

al., 1993; Zitterl et al., 2001), however, further research is warranted to demonstr
Tolin's et al. findings with threat-related stimuli.

To date much of the literature regarding memory in OCD has focused on
verbal and nonverbal memory (see Table 2.1).

Many studies of verbal memory recall or recognition have failed to report
impaired performance in OCD subjects (see Table 2.1). However, Savage et al.
(2000) argues that impaired use of organisational strategies may contribute to
memory dysfunction in these patients. These authors argue that in many of the

studies of verbal memory, measures designed to manipulate organisational strategies
were not administered. Using verbal tests that were designed to 'stress'
organisational processes, Savage et al. found that OCD subjects demonstrated
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Table 2.1. Summary of Studies of Verbal, Visual and Visuospatial Memory
Deficits in O C D
Study

M e m o r y deficit
Verbal Memory

Insel et al., 1983
Malloy, 1987
Cox, Fedio, & Rapoport, 1989
Martinot et al., 1990
Boone, Ananth, Philpott, Kaur, & Djenderedjian,
1991
Zielinski, Taylor, & Juzwin, 1991
Christensen, Kim, Dysken, & Hoover, 1992
Abbruzzese, Bellodi, Ferri, & Scarone, 1993
Dirson, Bouvard, Cottraux, & Martin, 1995
Savage et al., 1996
Schmidtke, Schorb, Winkelmann, & Hohagen,
1998
Deckersbach, Otto, Savage, Baer, & Jenike, 2000

Visual and/or
Visuospatial
Memory

Deficit in
O C D subjects

X
X

S
y
X
X
X
X
X
X
X

Savage et al., 2000

Y
S

Jurado, Junque, Vallejo, & Salgado, 2001

X

Zitterletal., 2001

S

Boone etal., 1991

S
S
S
S
S
S

Zielinski et al., 1991
Christensen et al., 1992
Kuskowski et al., 1993
Dirson et al., 1995
Cohen et al., 1996
Savage et al., 1996
Purcell, Maruff, Kyrios, & Pantelis, 1998b
Purcell, Maruff, Kyrios, & Pantelis, 1998a
Tallis, Pratt, & Jamani, 1999
Deckersbach et al., 2000
Okasha et al„ 2000
Savage et al., 2000
Zitterl et al., 2001

s
s
s
s
s
s
s

y

icant differences in
Note. S = study reportecsignificant deficits; * = study failed to report any signii
O C D subjects compared to control subjects.
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impaired free recall on both verbal and nonverbal memory.

Interestingly, these

researchers demonstrated that free recall problems were mediated by impaired
organisational strategies. Thus, OCD patients were primarily impaired in strategic
processing, which had secondary effects on immediate and delayed free recall.
These findings are consistent with neurobiological models emphasising the
importance of the frontal-striatal system in OCD.

In contrast fo verbal memory, impairments in visual and visuospatial
memory are consistently identified (see Table 2.1). In particular, Purcell et al.
(1998a) reported deficits in visuospatial recognition memory in OCD subjects,
whilst on tasks of short-term memory capacity and delay dependent visual memory,
OCD subjects performed within normal limits. These results were interpreted as
suggesting that despite OCD patients exhibiting deficits when required to remember
increasing amounts of spatial information, they do not exhibit difficulties with
storage and retrieval of information. Tallis et al. (1999) also reported impaired
performance by OCD subjects on measures of nonverbal memory, however, no
relationship was found between nonverbal memory and checking behaviours.

However, Tallis (1997) and Tallis et al. (1999) argue that the identified
memory deficits in OCD do not explain a general theory of obsessional behaviour.

For example, it is not clear clinically why a memory deficit should be characteristi
of individuals with predominantly washing compulsions. Furthermore, if a memory
deficit in OCD was primary and underpinned the clinical manifestations of the
disorder, one would expect OCD subjects to exhibit a broad rather than narrow
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range of checking behaviours (e.g. restricted to light switches, doors or stoves).
Moreover, a subgroup of individuals with OCD report cognisance of the fact that
their checking is excessive and unwarranted, but feel the urge to recheck until it
feels 'just right' and a deficit in memory does not appear to account for these
individuals (Coles & Heimberg, 2002). Thus, further research regarding memory
deficits in OCD is warranted, before firm conclusions can be drawn.

As discussed in relation to verbal memory, researchers (Otto, 1992; Savage,
Baer, Keuthen, Brown, Rauch & Jenike, 1999) have suggested that the memory
deficits in OCD may be secondary to impaired executive functions. In particular,
Savage et al. (1999) assessed the relationship between executive functions and
nonverbal memory in OCD and normal controls. Using the Rey-Osterrieth Complex
Figure Test, OCD subjects were found to be impaired in their organisational

approach when copying the figure, as well as in their ability to recall the figure o
it was removed, indicating difficulties in immediate recall. Subjects also recalled

less of the figure after a 30-minute delay, indicating difficulties with delayed rec
The authors demonstrated that differences between the groups in immediate
nonverbal recall could be accounted for by the effect of strategic copying
organisation. Thus, it was concluded that the deficit in OCD was one affecting
primarily executive functions and second, learning and memory. Further research
has supported these findings (Deckersbach et al., 2000; Savage et al., 2000).
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2.2.1 S u m m a r y of M e m o r y Functions
The literature reviewed indicates that OCD subjects do not exhibit a general

memory deficit, but appear to exhibit specific deficits that are related to visual a
visuospatial memory functioning. Verbal memory impairments were not evidenced,
whilst impairment in the confidence in memories for threat-related stimuli has been
demonstrated, although not consistently with some research showing better memory
for these stimuli.

However, a memory deficit would appear to account for OCD individuals
with checking compulsions, but it is unclear clinically how a memory deficit would
relate to obsessional characteristics. Instead some researchers suggest that memory
impairments, both verbal and nonverbal, may be secondary to a primary deficit in
executive functions.

2.3 Executive Functions
The construct of executive functions and the literature pertaining to
executive function deficits in OCD will be discussed below, followed by the

limitations with past research, and a brief review of the neuroanatomical correlates
of executive functions in normal controls.

2.3.1 Definition
The term 'executive function' has been used with increasing frequency in the
neuropsychological literature. Despite its frequent use, the term has continued to
lack precise operationalisation and it remains controversial as to what constitutes
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executive function. This controversy has stemmed in part from the practice of using

the terms 'executive functions' and 'frontal lobe functions' interchangeably, with t
term 'frontal lobe' considered a broader concept including functions not identified
executive functions.

Numerous conceptualisations of executive functions have been postulated
(Barkley, 1996; Cohen 8c Servan-Schreiber, 1992; Daigneault, Braun, 8c Whitaker,
1992; Diamond, 1990; Fuster, 1989; Kimberg & Farah, 1993; Roberts &
Pennington, 1996; Stuss & Benson, 1986; Welsh & Pennington, 1988), however,
one of the most widely accepted understandings of the term is that proposed by
Lezak (1993; 1995). This author argues that executive functions consist of "those
capabilities that enable a person to engage successfully in independent, purposive,
self-serving behaviour" (Lezak, 1995, p. 42), and comprise four main components
including: i) volition, ii) planning, iii) purposive action, and iv) effective
performance.

Based on behaviours delineated by a working party on executive functions,
Elsinger (1996) attempted to define the term. The behaviours most frequently
enumerated were self-regulation, performance of behaviours in an appropriate
sequence, flexibility, inhibition, planning and organisation of behaviour.
Consequently, Elsinger (1996) defined executive functions as, "psychological
processes that have the purpose of controlling implementation of activationinhibition response sequences...for the purpose of meeting a balance of immediate
situational, short-term and long-term future goal..." (p. 381).
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Although there is a lack of consensus regarding the taxonomy of executive

functions, there is some agreement that they include inhibition, cognitive flexibilit
or set shifting, planning and organisation, and working memory.

2.3.2 Executive Function Deficits in OCD
Of all the domains of neuropsychological functioning in OCD the assessment

of executive functions has attracted the greatest attention. This section will review
and discuss the literature regarding executive function deficits in OCD.

2.3.2.1 Inhibition
The ability to suppress irrelevant or interfering stimuli or impulses is referred
to as inhibition (Garavan, Ross, & Stein, 1999). Given that the core clinical
symptomatology in OCD is recurrent intrusive obsessional thoughts and repetitive
compulsive behaviours, a deficit in the ability to inhibit certain stimuli would seem
plausible. As can be seen in Table 2.2, the neuropsychological literature in OCD
indicates a disturbance in inhibitory control.

Various experimental tasks have been used to investigate impairments in
inhibition, including negative priming tasks, the anti-saccade task, the Go/Nogo
task, and the Stroop task. In a typical negative priming task, the participant is
simultaneously shown two stimuli and instructed to respond to one stimulus or
stimulus property (e.g. name the red object and ignore the green object). In the
subsequent trial, the stimulus to be named is the same as the one ignored in the
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Table 2.2. S u m m a r y of Studies of Inhibition in O C D

Study
Malloy, Rasmussen, Braden, & Haier, 1989

Neuropsychological
test
Go/Nogo

Enright & Beech, 1990

Negative priming

Martinot et al., 1990

Stroop

Sweeney, Palumbo, Halper, & Shear, 1992

Anti-saccade

Tien, Pearlson, Machlin, Bylsma, & HoehnSaric, 1992
Enright & Beech, 1993a

Anti-saccade

Enright & Beech, 1993b

Negative priming

Negative priming

Deficit in O C D
subjects

S
S
S
y
y
y
y

Hollander, Cohen, Richards, Mullen, DeCaria & Stroop
Stem, 1993
Nelson, Early, & Haller, 1993
Posner task

X

Swerdlow, Benbow, Zisook, Geyer, & Braff,
1993
Enright, Beech, & Claridge, 1995

Prepulse Inhibition

y

Negative priming

Clementz, Farber, Lam, & Swerdlow, 1996

Anti-saccade

Rosenberg, Dick, O'Hearn, & Sweeney, 1997

Anti-saccade

y
y
y

Schmidtke et al., 1998

Stroop

X

Hartston & Swerdlow, 1999

Stroop

y

MacDonald, Antony, MacLeod & Swinson,
Negative Priming
1999
Maruff, Purcell, Tyler, Pantelis, & Currie, 1999 Anti-saccade

X

Swerdlow, Hartston, & Hartman, 1999

Latent Inhibition

Johannes et al., 2001

Go/Nogo

Hoenig, Hochrein, Mueller, & Wagner, 2002

Negative Priming

y
y
y

Moritz et al., 2002

Stroop

X

X

Note. S - study reported significant deficits; * = study failed to report any significant differences in
O C D subjects compared to control subjects.

previous trial (e.g. if the person suppressed naming a green chair to n a m e a red car,
they are asked to name a red chair on the next trial). Normal control participants, as

a result of inhibition, exhibit delays in naming the object ignored in the prior tria
than to stimuli not present in the prior trial (Nigg, 2000). However, in OCD,
research has demonstrated that slowed response times are not exhibited on these
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paradigms (i.e. O C D patients demonstrate improved performance), indicating a

failure to effectively inhibit distracting information (Enright & Beech, 1990; Enrigh
& Beech, 1993a; Enright & Beech, 1993b; Enright et al., 1995; Hoenig et al., 2002).

For example, in a negative priming task Enright and Beech (1990) reported
that OCD subjects exhibited markedly impaired negative priming effects. That is,
they exhibited faster response times than subjects with other anxiety disorders, who
responded similarly to normal controls. This effect was replicated in further
negative priming experiments involving, single letters, colour words (Enright &
Beech, 1993a), and a semantic task (Enright & Beech, 1993b). In each study the
OCD group exhibited impaired negative priming, and this effect became

increasingly significant as the cognitive complexity of the task increased. Such dat

can be interpreted as indicating that OCD individuals suffer a deficit in their abil
to inhibit processing of irrelevant information.

However, in contrast to these findings, MacDonald et al. (1999) did not find
any negative priming deficits in OCD subjects, and instead demonstrated large
negative priming effects. This raises the question of whether deficits in negative
priming are as robust as previously thought.

A deficit in inhibition in OCD subjects has also been demonstrated using
antisaccadic eye movement paradigms. The anti-saccade task involves a signal

appearing in the periphery of the visual field, creating a reflex response to move t
eyes towards the signal, which is difficult to resist. In some trials the subject is
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either instructed not to m o v e their eyes towards the signal, to m o v e their eyes
towards the signal, or to delay their response. Saccade (eye movements) errors
towards the signal as well as presignal anticipations, are taken as indices of
inhibitory ability (Nigg, 2001). Tien et al. (1992) reported that OCD subjects
displayed increased error rates and a greater number of inaccurate saccades on a goal
directed anti-saccade task. Sweeney et al. (1992) reported similar results, where
OCD subjects exhibited difficulty in smooth tracking of targets, an increased rate of
reversal saccades to compensate for target overshooting, and an increased rate of
intrusive saccades whilst attempting to maintain fixation. Rosenberg et al. (1997)
also demonstrated inhibition abnormalities when to-be-ignored targets were
presented close to centre fixation. Taken together these results can also be
interpreted as reflective of inhibition deficits in OCD.

The Go/Nogo task requires subjects to respond to one of several frequent
target stimuli (e.g. Blue 'W' or Red 'O', called Go-stimuli) with a button press,
whilst withholding a response to infrequent Nogo stimuli (e.g. Pink 'E'). This
paradigm has been widely applied in electrophysiological studies investigating the

effects of inhibition on event-related neural potentials, however, little research has
been conducted using this task with OCD subjects. Malloy et al. (1989), although
not commenting on the behavioural data (errors and response times), reported on the
basis of electroencephalographic data examination, that the deficits in OCD were
related to a loss of an inhibitory response. In a Go/Nogo-like measure, Johannes et
al. (2001) reported that despite the behavioural data not supporting a deficit in OCD
subjects' ability to inhibit responses, their event-related potential components were
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altered in scalp topography, indicating inhibitory deficits. This enhanced frontal
negativity observed in the OCD group was interpreted also as an alteration of
inhibitory processes. Despite the limited data using the Go/Nogo task, such studies
provide further evidence that OCD subjects display impaired ability in inhibition.

Another measure that is purported to assess inhibition is the Stroop paradigm
(Stroop, 1935). The Stroop task requires subjects to name the colour of the printed
word when the coloured word is different to the printed ink (e.g. the word 'green'
printed in blue ink). Inconsistent findings, however, have been reported regarding
inhibition deficits in OCD using the Stroop task, with some authors reporting that
OCD subjects make more errors and are slower on the Stroop interference trial than
control subjects, whilst others have not found any between group differences.
Martinot et al. (1990) reported that OCD patients made more errors and were slower
on the interference trial, compared to a group of normal controls. Performance was
also significantly correlated with lower glucose metabolic rate (using PET), in the
lateral prefrontal cortex. Martinot and colleagues interpreted these findings as
consistent with a disturbed ability in OCD subjects to inhibit inappropriate
responses, such as obsessions and compulsions. Similarly, Hartston and Swerdlow
(1999) reported that interfering or competing stimuli resulted in greater performance
costs for OCD subjects than for controls on the Stroop task, purported to be

indicative of a deficit in inhibition. Collectively, these findings suggest that a def
in inhibition may underlie the repetitive symptomatic behaviours of the disorder,
particularly obsessions and compulsions. Impaired inhibition in OCD patients
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would render it difficult for them to inhibit the intrusive thoughts and compulsive
urges inherent in the disorder, warranting continual engagement in such acts.

The Stroop task, however, has not always differentiated OCD from controls
on the interference trial. In particular, Hollander et al. (1993) reported that OCD
subjects were significantly impaired on the Stroop interference effect, however, this
difference did not remain significant after accounting for age and education. The
Stroop task has also been hypothesised to require a number of cognitive abilities
other than inhibition for successful performance, such as automaticity, interferencesensitivity, and selective and focused attention (Dempster, 1991; MacLeod, 1991;
Mirsky, Anthony, Duncan, Ahearn, & Kellam, 1991; Ozonoff, Strayer, McMahon,
& Filloux, 1998). Thus, the Stroop task may not be exclusively representative of
inhibition, and the possibility that this task requires a number of abilities for its
successful execution other than inhibition, may account for the discrepant findings
in the OCD literature.

2.3.2.2 Set Shifting
Perseveration, which is considered a measure of set shifting ability, refers to

"repetitive prolongation or continuation of an act or activity sequence, or repetition
of the same or similar response to various questions, tasks or situations" (Lezak,
1995, p. 95). The core clinical features of OCD, repetitive intrusive thoughts and
compulsive acts, may also be hypothesised to correspond to subtle perseverative
behaviour. However, OCD studies examining set shifting ability have reported
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Table 2.3. Summary of Studies of Set Shifting in O C D
Study
Harvey, 1986
Malloy, 1987
Head, Bolton, & Hymas, 1989
Laplane et al., 1989
Boone etal., 1991
Hymas, Lees, Bolton, Epps, & Head,
1991
Zielinski et al., 1991
Christensen et al., 1992
Gambini, Abbruzzese, & Scarone,
1993
Aranowitz et al., 1994

Neuropsychological test

Deficit in O C D
subjects

WCST
WCST
WCST
WCST
WCST
WCST

y
y
y
y

WCST
WCST
WCST

X

y

Trial Making Test

y

Abbruzzese, Bellodi, Ferri, & Scarone, WCST
Object Alternation Test
1995

X

y

X

X

y

Abbruzzese, Ferri, & Scarone, 1995

WCST

X

Gross-Isseroff etal., 1996

Object Alternation Test

Hollander & Wong, 1996

Trial Making Test

Veale, Sahakian, Owen, & Marks,
1996
Abbruzzese, Ferri, & Scarone, 1997

C A N T A B - set shifting task

y
y
y

WCST

X

Object Alternation Test

y
y
y

Lucey et al, 1997

WCST

Cavedini, Ferri, Scarone, & Bellodi,
1998
Purcell et al., 1998b

Object Alternation Test

Purcell et al., 1998a

C A N T A B - set shifting task

Schmidtke et al., 1998

Weight Sorting Task

Clayton, Richards, & Edwards, 1999

The Test of Everyday
Attention - shifting subtest
Visual-Verbal Test

Savage et al., 1999
Okashaetal., 2000
Fontenelle, Marques, Engelhardt, &
Versiani, 2001
Moritz et al., 2002
Sanz, Molina, Calcedo, MartinLoeches, & Rubia, 2001

C A N T A B - set shifting task

X
X

y
y
X

WCST
WCST

y
y

WCST
WCST

X

y

Note. W C S T = Wisconsin Card Sorting test; C A N T A B = Cambridge Neuropsychological Test
Automated Battery; S = study reported significant deficits; * = study failed to report any significant
differences in O C D subjects compared to control subjects.
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inconsistent findings. Whereas most studies have indicated set shifting deficiencies

in OCD subjects, others have failed to report any significant deficits (see Table 2.3

As with inhibition, several tasks have been adopted to assess set shifting in
OCD, including the Wisconsin Card Sorting Test (WCST) and the Object
Alternation Test. The WCST requires the subject to discern new response rules
based on performance feedback, and to maintain the new response patterns for
several trials (Grant & Berg, 1948). Perseverative errors, where the subject
continues to erroneously sort according to a previously successful principle, are
generally considered a consequence of frontal lobe lesions (Arnett et al., 1994;

Fuster, 1989; Sullivan et al., 1993), and are considered an indication of set shifting
difficulties. To date, the WCST is the most frequently administered task within the
OCD literature to determine whether subjects exhibit set shifting deficits. On this
measure, OCD subjects fail to maintain the correct response patterns, reverting
instead to obsolete strategies. Lucey et al. (1997) reported that OCD subjects made
significantly more perseverative errors. Using SPECT, they also reported a
relationship between rCBF and WCST performance, in the areas of the left inferior
frontal cortex and caudate nucleus. Thus, OCD subjects displayed deficits in set
shifting, as evidenced by perseverative responding on the WCST.

On the other hand, some studies have failed to find deficits on the WCST in
OCD subjects. Gambini et al. (1993), evaluating the performance of OCD patients
compared to normal controls on the WCST, did not report any differences after
accounting for education effects. In a subsequent, more stringent study by the same
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cohort (Abbruzzese et al., 1995), again no significant differences were noted on the
WCST. Abbruzzese et al. (1997) suggested that the WCST involves several

complex functions, such as the discovery of a sorting criterion, the ability to shif
new identified categories, sustained attention and long-term memory. Hence, the
complexity of the WCST and the involvement of other cognitive functions in its
completion, suggest that WCST performance may be dependent not only on the

dorsolateral prefrontal cortex, but also on associated areas. Therefore, it is possib
that the WCST perseverative errors are not exclusively representative of impaired
set shifting ability.

More recently, the Object Alternation Test (Freedman & Oscar-Berman,
1986) has been administered to assess set shifting ability in OCD. In the Object

Alternation Test, the subject is required to establish the set of alternative respon
from one object to another immediately, however, the subject is not required to
change this strategy again. In contrast, in the WCST, the subject must establish the

set, maintain it for a certain time and shift to a new set after completion of the f
Previous research (Abbruzzese et al., 1995) has suggested that the Object
Alternation Test and the WCST tap two different aspects of perseveration, whereby
OCD subjects exhibit deficits on one measure but not the other. Assessing this,
Abbruzzese et al. (1995) found that the OCD group showed impairment on the
Object Alternation Test, but not on the WCST. Despite this, it has been suggested
that the Object Alternation Task is equivalent to the Go/Nogo paradigm, a measure
of inhibition (Schultz, Evans, & Wolff, 1999) rather than set shifting. Thus, it is
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unclear whether impaired performance on the Object Alternation test is a reflection
of inhibition or set shifting.

2.3.2.3 Working M e m o r y
Working memory refers to the ability to maintain and manipulate
information in short-term memory (Roberts & Pennington, 1996). As evident from
Table 2.4, it is unclear whether OCD subjects' exhibit impaired working memory
ability, with some studies reporting deficits whilst others do not.

Table 2.4. S u m m a r y of Studies of Working M e m o r y in O C D

Study

Neuropsychological test

Deficit in O C D
subjects

Galderisi, Mucci, Catapano,
DAmato, & Maj, 1995

Spatial and Non-Spatial Conditional
Associative Learning Task; SelfOrdered Pointing Task
Self-Ordered Pointing Task

X

y

Barnett et al., 1999

C A N T A B : Spatial Working
Memory Task
C A N T A B : Spatial Working
Memory Task
Self-Ordered Search Task

Deckersbach et al., 2002

Dual Task

y

Moritz et al., 2002

Digit Span

X

Martin, Wiggs, Altemus,
Rubenstein, & Murphy, 1995
Purcell et al., 1998b
Purcell et al., 1998a

X

y
X

Note. C A N T A B - Cambridge Neuropsychological Tests Automated Battery; S indicates that a study
reported significant deficits; * indicates that a study failed to report any significant differences in
O C D subjects compared to control subjects.

Using the Cambridge Neuropsychological Test Automated Battery, Purcell et
al. (1998b) found that OCD patients were less able to develop a strategy to assist
working memory performance, and also relied upon their short-term memory
capacity to perform the task. Therefore, as task difficulty increased performance
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decreased. In a similar study, Purcell et al. (1998a) confirmed these impairments in
an expanded group of OCD subjects compared to subjects with major depression,
panic disorder and normal controls. These authors hypothesised that executive

functions related to planning are facilitated by the presence of external informatio
and that an impaired ability to use internal representations to guide behaviour may
have clinical relevance for OCD. For example, they argued that checking
compulsions might be the result of impaired internal representations of behaviour
(e.g. locking the door), leading to external verification (e.g. checking the door).
Using a spatial working memory task to assess this, Purcell et al. (1998a) found
OCD subjects to be impaired in the organisation and execution of a sequence of
selections, consistent with their hypothesis.

In contrast, Martin et al. (1995), Galderisi et al. (1995), Barnett et al. (1999)
and Moritz et al. (2002) reported no deficits in OCD on working memory tasks.
Purcell et al. (1998b) argued that the stimuli used in Martin et al. (1995) and
Galderisi et al. (1995) studies, in particular, may have presented a greater

opportunity for accurate recall than the spatial location memory requirements of the
Cambridge Neuropsychological Test Automated Battery. Purcell et al. (1998b) also
argued that deficits emerge in working memory only as task demands increase.
These authors argued that previous research has neglected to examine the effect of
strategy and task difficulty, believed to be critical variables in working memory.
This may in part account for the conflicting results observed in studies of working
memory. Purcell et al. (1998b) cautioned, however, that the working memory task
in the Cambridge Neuropsychological Test Automated Battery is purported to rely
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heavily on visual memory for successful execution of the task. A s discussed above,
visual memory has been shown to be impaired in OCD, consequently it is unclear
whether impaired performance on the Cambridge Neuropsychological Test
Automated Battery is a reflection of visual memory rather than working memory
impairments.

2.3.2.4 Planning
Planning refers to the ability to determine and organise the steps required to

achieve a goal, or carry out an intention (Lezak, 1995), and is frequently enumerat
as an executive function.

Table 2.5. S u m m a r y of Studies of Planning in O C D

Veale et al., 1996

C A N T A B : Tower of London Task

Deficit in O C D
subjects
X

Purcell et al., 1998a

C A N T A B : Tower of London Task

X

Purcell et al., 1998b

C A N T A B : Tower of London Task

X

Study

Neuropsychological test

Note. C A N T A B - Cambridge Neuropsychological Tests Automated Battery; * indicates that a study
failed to report any significant differences in O C D subjects compared to control subjects.

The literature suggests unimpaired planning ability with no differences in
accuracy evident between OCD subjects and normal controls (see Table 2.5). The
Tower of London is believed to be a measure of planning ability, and requires

subjects to arrange a set of balls, presented on a computer screen, in a specified

minimum number of moves that increase in difficulty (Shallice, 1982). Veale et al.
(1996) hypothesised that the planning component of the Tower of London task is

related to task difficulty. When the problems require two or three moves planning
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requirements are minimal, however, w h e n the task is increased to four or five m o v e
solutions this necessitates the planning of several complex subgoals, with the
resultant increase in planning component complexity. Veale et al. (1996) found that
OCD patients were able to solve planning problems accurately on this task,
however, when they made a mistake, they took longer to reach the solution,
indicating difficulty generating alternative strategies. OCD patients were also
impaired in selectively attending to the relevant stimuli when a second distracting
stimulus was introduced. Veale et al. (1996) characterised the cognitive deficits
observed in OCD subjects, as i) being easily distracted by competing stimuli, ii)
excessive monitoring and checking of the response to ensure a mistake does not
occur, and iii) rigidity in setting aside the main goal and planning the necessary
subgoals when a mistake does occur.

2.3.2.5 Verbal Fluency
Verbal fluency refers to the generation of words (Lezak, 1995). Although
word fluency has been included among tests of language abilities (Lezak, 1995;
Spreen & Strauss, 1998), adequate performance is believed to involve a variety of
cognitive operations. Crockett, Bilsker, Hurwitz and Kozak (1986), employing

factor analysis, found that the word fluency test was most closely related to tests o
naming, problem solving, sequencing, resistance to distraction and perseveration, as
well as a number of memory measures. Verbal fluency is, therefore, purportedly
associated with executive functions, despite not necessarily being an executive
function. Verbal fluency has been widely studied in OCD, consequently a review of
studies appear in this chapter.
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Table 2.6. Studies of Verbal Fluency in O C D

Study

Neuropsychological test

Deficit in
O C D subjects

Harvey, 1986

COWA

Head etal., 1989

W o r d fluency test (letter S; animal
category)

Laplane et al., 1989

COWA

y

Martinot et al., 1990

Verbal fluency task (letters F A S ;
animal category)

X

Boone etal., 1991

COWA
COWA
COWA
COWA

X

Zielinski et al., 1991
Christensen et al., 1992
Martin, Pigott, Lalonde, &
Dalton, 1993
Abbruzzese et al., 1995
Schmidtke et al., 1998
Moritz et al., 2002

y
y

X

y
X

W o r d fluency test (letters F A S )

y

Letter fluency (letter S); animal
category; nonverbal fluency
Creative verbal fluency task

y
y

Note. C O W A = Controlled Oral W o r d Association; S - study reported significant deficits; * =
study failed to report any significant differences in O C D subjects compared to control subjects,

Research regarding verbal fluency deficits in O C D provides mixed findings,
with no consistent picture emerging (see Table 2.6). Some studies suggest that
subjects with OCD show impaired verbal fluency compared to normal controls,
although differences have not always reached significance. Others (Martin et al.,
1993; Zielinski et al., 1991) have suggested no verbal fluency deficits when
applying a short time limit of one minute for the letter fluency task. It has been

suggested (Schmidtke et al., 1998), that a shorter time limit (eg. one minute) may be

less sensitive to frontal dysfunction than a longer time frame (e.g. three minutes),
thus potentially accounting for the discrepancies in the OCD literature. Poorer
performance on the Controlled Oral Word Association Test (COWA) has further
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been suggested to be a reflection of speed factors on timed tests, as O C D subjects
have been found to score more poorly when speed was a factor (Christensen et al.,
1992). Time limits, therefore, need to be taken into consideration when interpreting
significant findings on verbal fluency measures.

2.3.2.6 Summary of Executive Function Deficits in OCD
Neurobiological theories have implicated the frontal lobes, basal ganglia and
anterior cingulate in the pathophysiology of OCD, and neuropsychological
investigations have assessed functions associated with these brain structures.
Findings associated with some domains of executive functions are consistent,
whereas those associated with other domains are equivocal.

The most consistent deficit emerging from the neuropsychological literature

of OCD is that of inhibition. Impaired set shifting ability is also commonly, but less
reliably observed. Adequate planning ability has been reported, but findings of
deficits in working memory and verbal fluency have been inconsistent between
studies.

Deficits in inhibition and set shifting may underlie the repetitive
symptomatic behaviours of the disorder, particularly obsessions and compulsions.
Given the clinical symptomatology of OCD, such as repetitive intrusive thoughts
and compulsive acts, deficits in inhibition and set shifting would seem a plausible
explanation. For example, deficits in inhibition and set shifting would render it
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difficult for O C D individuals to inhibit the intrusive thoughts and compulsive urges,
making it more likely that they continue to engage in such acts.

2.3.3 Limitations With Past Research
In reviewing the executive function literature in OCD, several factors need to
be addressed in order to understand some of the discrepancies observed. These
limitations include, the absence of an appropriate taxonomy of executive functions,
the paucity of 'pure' and discerning tests that enable independent measurement of
cognitive functions, the limited use of appropriate clinical control groups (i.e.
anxiety disorders groups), and the failure to examine and control the potential
impact of personality traits on performance measures of executive functions. Each
will be discussed in turn.

As identified previously (2.3.1), there is a lack of consensus regarding the
taxonomy of executive functions, stemming partly from the practice of using the
terms 'executive' and 'frontal lobe' functions interchangeably. It has generally been
accepted that the frontal lobes play a major role in the cognitive operations believed

to be executive functions. Therefore, the use of tests thought to tap the frontal lobes
have been administered to assess executive functions in OCD. More recently,
however, concerns have been raised as to whether these tests tap the domain of
functioning they have always purported to assess. For example, the Stroop task is
believed to provide a measure of inhibition, although research has suggested that it
also requires other cognitive abilities for successful performance, including
automaticity, interference-sensitivity, and selective and focused attention (Dempster,
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1991; MacLeod, 1991; Mirsky et al., 1991; Ozonoff et al., 1998). It is questioned,
therefore, whether Stroop performance is exclusively representative of inhibition.
Moreover, some researchers have interpreted findings on a particular
neuropsychological test as reflective of different impairments. For example, the
Object Alternation Test has been purported to be a measure of inhibition by Schultz
et al. (1999), who describes the task as similar in nature to the Go/Nogo task (see
section 2.3.2.2). However, Abbruzzese et al. (1995), Gross-Isseroff et al. (1996) and
Cavedini et al. (1998) have interpreted performance on this measure as reflective of

perseveration and set shifting ability. These inconsistencies in interpretation furth
contribute to the lack of clarity governing conclusions regarding OCD.

Many studies of executive functions and OCD have compared performance
to normal control subjects. However, it is difficult to determine whether executive
function impairments are a general deficit exhibited by anxiety disorders per se, or
whether they are specific to OCD. There are few studies of executive function
performance in patients suffering from anxiety disorders other than OCD, but the
isolated findings suggest impaired executive functions may also occur in social
phobia but not in panic disorder (Cohen et al., 1996; Purcell et al., 1998b). Future
research would benefit from the use of anxiety disorders control samples to examine
whether the deficits associated with OCD are specific to this group.

Personality traits such as perfectionism and indecisiveness have been
associated with OCD (Frost & Shows, 1993; Gayton, Clavin, Clavin, & Broida,
1994; Veale, 1993), however, little research has included the assessment of these
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variables in the analysis of cognitive functioning in O C D . The influence of these
factors may be particularly evident in timed tasks. For example, OCD subjects may
be slower on task completion due to the need for neatness, precision, or

indecisiveness as to the correct answer, rather than the inability to provide the righ
answer. Meticulous concern for the correct execution of the task, or the intrusion of
obsessive thoughts may also account for slower performance. Earlier
neuropsychological studies have shown that OCD subjects are slower than normal
controls on performing neuropsychological tests (Christensen et al., 1992; Insel et
al., 1983; Zielinski et al., 1991), although some authors (Galderisi et al., 1995) have
reported that this slowed performance may be the result of the dysfunction of
specific neural circuits, rather than the influence of personality. Further research
that examines the influence of these variables on executive function performance is
required, in order to ascertain whether deficits are a direct consequence of
neurobiological impairment, or a reflection of the influence of non-neurological
factors such as personality.

2.3.4 Neuroanatomical Basis of Executive Functions
As defined in section 2.3.1, executive functions broadly encompass a set of
cognitive skills that are responsible for goal-directed behaviour. The frontal lobes
are believed to be associated with executive functions (Tranel, Anderson, & Benton,
1994). Lesion and neuroimaging studies allow researchers to examine the
neuroanatomical basis of executive functions. This section provides a brief
overview of the literature regarding the neuroanatomical sites of executive functions.
It is important to note that the following research provides a 'working hypotheses'
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only, as the exact neuroanatomical sites believed to be implicated in the executive
functions are yet to be precisely understood.

2.3.4.1 Inhibition
Neuroimaging studies of normal control subjects suggest that the ventral
regions (Garavan et al., 1999; Kawashima et al., 1996; Konishi, Nakajimi, Uchida,
Sekihara, & Miyashita, 1998; Tsujimoto et al., 1997) and the anterior cingulate
(Casey et al., 1997) are most frequently implicated as the sites of activation during
tasks requiring inhibition.

Using PET with a delayed match-to-sample task with a probe matching or
not matching one of four to-be-remembered items, Jonides, Smith, Marshuetz,
Koeppe and Reuter-Lorenz (1998) compared a condition where the negative probe
(mismatch) had previously been a target with a no-response condition. Greater

activation in the left ventrolateral prefrontal cortex was the only difference evident
Replicating these findings, D'Esposito, Postle, Jonides and Smith (1999), using a
similar task, reported activation in the left ventrolateral prefrontal cortex using
fMRI, only during the period in which the probe was presented. Thus, the
ventrolateral prefrontal cortex is implicated in tasks that require the ability to
suppress irrelevant or interfering stimuli.

The Go/Nogo paradigm is a neuropsychological task that has been used to
assess inhibition (see section 2.3.2.1). Malloy, Bihrle, Duffy and Cimino (1993)
reported activation across the dorsolateral and orbitofrontal cortices when subjects
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completed the Go/Nogo task.

Casey et al. (1997), using fMRI, also reported

activation predominantly in the dorsolateral and orbitofrontal cortices. These
authors found that activity in the orbitofrontal and anterior cingulate cortices
correlated with the behavioural data (i.e. the number of false alarms), with more
inhibition resulting in greater activation of these cortices. Consistent with this,
humans with orbitofrontal lesions have been shown to exhibit impairment on the
Go/Nogo task (Drewe, 1975). Thus, neuroimaging and lesion studies indicate that
inhibition as assessed by the Go/Nogo task, implicates the orbitofrontal cortex and
anterior cingulate.

The interference condition of the Stroop task is also purported to be a
measure of inhibition (see section 2.3.2.1). Neuroimaging studies indicate variation

in the regions of activation for this task, including the orbitofrontal cortex, poster

parietal cortex, as well as the anterior cingulate (Bench et al., 1993; Carter, Mintun
8c Cohen, 1995; Derbyshire, Vogt, & Jones, 1998; Pardo, Pardo, Janer, & Raichle,
1990). Using PET, Bench et al. (1993) found, during the interference condition, the
right orbitofrontal cortex and posterior parietal cortex were activated. However,
Royall et al. (2002) has suggested that these regions may be under the control of the
anterior cingulate, which is thought to be implicated in error detection and
sequencing of ongoing action plans. Using PET, Pardo et al. (1990) reported that
the anterior cingulate cortex was activated during the interference condition, and
McKeown et al. (1998), using fMRI, also reported this localisation in normal
controls. These findings suggest that the anterior cingulate is one of the anatomical
sites implicated in the execution of the Stroop task, a task of inhibition.
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Consistent with this, Kato (2001) examined performance on the Stroop task
in patients with prefrontal lesions (dorsolateral, medial and orbitofrontal) and
temporal and parietal lesions (posterior group). Kato (2001) found that patients with
dorsolateral and medial prefrontal lesions displayed poorer performance than
patients with temporal or parietal lesions, on the interference trial. These findings

are consistent with the suggestion that successful performance on this task, which is

believed to require inhibition amongst other abilities, implicates the dorsolateral a
medial parts of the prefrontal lobes. Similar findings have been reported by Stuss,
Floden, Alexander, Levine and Katz (2001).

2.3.4.2 Set Shifting
The area of the brain believed to be implicated in set shifting is the
dorsolateral prefrontal cortex (Esposito, Kirkby, Van Horn, Ellmore, & Berman,
1999; Rao et al., 1997; Van Horn, Berman, & Weinberger, 1996). Patients with
dorsolateral frontal lobe lesions frequently demonstrate perseverative behaviours
(Kolb & Whishaw, 1990). Consistent with this, Ridderinkhof, Span and van der
Molen (2002) found that patients with dorsolateral frontal lobe lesions suffered
impaired set shifting ability on the WCST.

The WCST, however, cannot easily be used in conjunction with functional
neuroimaging. Rao et al. (1997), therefore, adopted a task based on the WCST in

order to determine the sites of activation. Activation in multiple areas including, t

dorsolateral prefrontal cortex, posterior parietal, and anterior cingulate regions we
demonstrated.
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2.3.4.3 Working M e m o r y
The dorsolateral prefrontal cortex has been involved during tasks that
implicate working memory, as demonstrated by lesion studies and neuroimaging
(Courtney, Ungerleider, Keil, & Haxby, 1996; Owen, Downes, Sahakian, Polkey, &
Robbins, 1990; Petrides, Alivisatos, Meyer, & Evans, 1993; Smith et al., 1995).
D'Esposito, Detre, Alsop, Shin, Atlas and Grossman (1995), using fMRI during
execution of a dual task, reported activation of the anterior cingulate and the
dorsolateral prefrontal cortex. This activation only occurred during simultaneous
performance of the two tasks, but not when the tasks were performed separately.

Most measures of working memory, however, are affected by increases in
task difficulty, raising concerns that processes other than working memory may
explain previous findings. Barch et al. (1997), using fMRI, attempted to establish
whether working memory demand or task difficulty was responsible for activation of

the dorsolateral prefrontal cortex. It was determined that regions of the dorsolater
prefrontal cortex and the parietal cortex were activated during tasks requiring
working memory, and task difficulty did not account for activation. This is

consistent with previously cited findings, whereby on tasks requiring the regulation
of resources in working memory, the dorsolateral prefrontal cortex appears
implicated.

2.3.4.4 Planning
The dorsolateral prefrontal cortex is the brain region purported to subserve
planning ability and this finding is consistent with both neuroimaging and lesion

71

studies (Andreasen et al., 1992; Carlin et al., 2000; Morris, A h m e d , Syed, & Toone,
1993; Owen et al., 1990; Shallice, 1982).

The Tower of London task is proposed as a measure of planning and problem
solving (Shallice, 1982), however, previous functional neuroimaging has produced

discordant results regarding the sites of activation. Andreasen et al. (1992) report
activation in the left mesial prefrontal, parietal, and occipital cortex areas.
Alternatively, Morris, Ahmed, Syed and Toone (1993), using SPECT, reported
increased rCBF in the left dorsolateral prefrontal cortex. Differences in the sites
activation may be accounted for by discrepancies in how the tasks were performed.
More recently, Barker et al. (1996) using PET, reported a distributed network of

cortical areas incorporating prefrontal, cingulate, premotor, parietal and occipital
cortices when subjects conducted the Tower of London task. Planning ability,
therefore, as demonstrated by the Tower of London task, appears to implicate
various regions of the brain.

2.3.4.5 Verbal Fluency
The neuroimaging data has reported activation of the left prefrontal cortex
during verbal fluency tasks (Cuenod et al., 1995; Frith, Friston, Liddle, &

Frackowiak, 1991; Rueckert et al., 1994). Frith et al. (1991), using PET and a letter
verbal fluency task, demonstrated activation in the left prefrontal cortex. Phelps,
Hyder, Blamire and Shulman (1997) attempted to localise more precisely the brain
regions associated with verbal fluency using fMRI, finding activation in the left
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inferiorfrontalgyrus and anterior cingulate, along with additional activation around
the superior frontal sulcus.

Lesion studies appear consistent with the findings of neuroimaging studies in
relation to the area of the brain implicated in verbal fluency. Szatkowska,
Grabawska and Szymanska (2000) examined verbal fluency in patients with
unilateral prefrontal lesions. These authors demonstrated that the left dorsolateral
prefrontal cortex mediates verbal phonological fluency whilst semantic fluency is
dependent on more diffuse regions of the prefrontal cortex, including the left and
right dorsolateral and right ventromedial areas.

2.3.4.6 Summary of Neuroanatomical Basis of Executive Functions
It is evident from the brief review of evidence from lesion studies and
neuroimaging, that executive functions appear to be mediated by several sites,
primarily the dorsolateral prefrontal cortex, orbitofrontal cortex, and anterior
cingulate. Relating this to OCD, it is evident that the neuroimaging findings
observed in OCD patients are consistent with the results presented in this review.
That is, neuroimaging of OCD provides evidence of abnormal activity in the
orbitofrontal cortex and the anterior cingulate, which is consistent with the regions
activated during tasks of executive functions that have been demonstrated to be
impaired in OCD patients. This would suggest that neuropsychological examination
of executive functions allows for the examination of the specific regions thought to
be involved in the aetiology of this disorder.
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2.4 Integration of Neuropsychology and Neurobiology in O C D
As identified in chapter 1.8, several aetiological theories of OCD are posited,
which attempt to explain the aetiology of the obsession and compulsions
experienced in this disorder. Neurobiological theories have emerged which suggest
that OCD is a brain disorder. Generally, these theories indicate dysfunction in
several regions, such as the basal ganglia structures and frontal cortex. Several
sources of evidence support this brain-behaviour relationship, including
neuroimaging, neural circuits, neurological conditions, neurochemistry and
neuropsychological examinations.

Neuroimaging studies implicate the orbitofrontal cortex, anterior cingulate
and basal ganglia in OCD symptomatology. This is based on findings of patients
scanned at rest, during symptom provocation, and pre- and post-treatment. These
regions are also components of a distributed frontal-striatal neural system. It is
suggested that disruption to these neural circuits results in behaviours reminiscent
OCD, such as subtle perseveration and reduced inhibition. Obsessive-compulsive
symptoms have also been observed in several neurological conditions thought to
involve the basal ganglia. OCD-like behaviours have been observed in illnesses
such as Tourette's Disorder, postencephalitic Parkinson's disease, Sydenham's
chorea, and Huntington's disease. Neurochemistry studies further support a
neurobiological basis of OCD, as evidenced in the beneficial effects of
pharmacological treatment that target the serotonin system.
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Neuropsychological examination of O C D has also attempted to examine this
neurobiological deficit. Executive functions in particular have been assessed in
OCD. As discussed above (see section 2.3.1), executive functions refer to a

constellation of 'higher order' functions such as inhibition, set shifting, planning an
organisation, and working memory. Assessment of executive functions in OCD
using neuropsychological tests is justified for several reasons. Firstly, the
behaviours observed in OCD patients, such as an inability to inhibit obsessional
intrusive thoughts and subtle perseverative behaviours, would suggest that patients
suffer deficits in executive functions. Secondly, lesion studies and neuroimaging of
normal control subjects indicate that the orbitofrontal cortex, anterior cingulate and
dorsolateral prefrontal cortex may be implicated on tasks that are purported to tap
executive functions. Thus, neuropsychological examination of executive functions
in turn allows for the examination of the regions in the brain believed to be
implicated in the psychopathology of OCD.

Deficits in executive functions observed in OCD subjects are consistent with
the neuroimaging research indicating that these patients suffer a biological deficit.
Cognitive deficits in inhibition and set shifting suggest impairment in the
dorsolateral frontal cortex, orbitofrontal cortex and anterior cingulate evident from
lesion and neuroimaging studies. These findings are consistent with neurobiological
theories, which also implicate these regions in OCD. However, it is unclear why
deficits in some domains of executive functions have been reported yet other
domains appear unimpaired, if all domains are believed to be associated with the
same brain regions. One theory of executive functions suggests that impaired
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inhibition leads to secondary deficits in other domains of executive functions. This
may account for the profile of specific deficits in executive functions that are
observed in the OCD literature. This will be discussed in more detail in chapter 3.4.

2.5 Conclusions
Neurobiological theories have implicated the frontal lobes, basal ganglia, and
anterior cingulate in the pathophysiology of OCD, and neuropsychological
investigations have assessed functions associated with these brain structures. The
neuropsychological literature in OCD can be summarised into two general classes of
deficits: memory and executive functions.

Visual and visuospatial memory deficits have been consistently reported in
the OCD literature. However, despite their intuitive appeal, these deficits in
memory do not appear to account for the obsessions and compulsions characteristic
of OCD individuals. Moreover, researchers have suggested that deficits in memory
are the result of impaired use of organisational strategies.

The neuropsychological literature more consistently identifies deficits in
inhibition in OCD subjects, and impaired set shifting ability has been reported, but
less reliably. Adequate planning ability is observed, but deficits in working memory
and verbal fluency present less consistent results. Thus, OCD subjects present with
a specific set of impairments in some rather than all domains of executive functions.
Neuroimaging of normal control subjects whilst executing tasks believed to assess
executive functions, as well as lesion studies, indicate activation in various
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structures of the brain. These include, broadly, the orbitofrontal cortex, dorsolateral
prefrontal cortex, and anterior cingulate.

Several factors may contribute to the discordant findings and the lack of
clarity with regard to the neurobiology of OCD. These limitations include, the
absence of an appropriate taxonomy of executive functions, the paucity of 'pure' and
discerning tests that enable independent measurement of cognitive functions, the
limited use of anxiety disorders control groups, and the failure to examine and
control the potential impact of personality traits on performance measures of
executive functions.

An important research question arises from this literature review. Despite
research establishing impoverished executive functions in OCD, determining
whether these deficits are episode or trait markers has not systematically been
examined. Thus, it is unclear whether executive function deficits in OCD are stable
characteristics that are constantly deviant from normal levels even during remission,
or whether they are episode markers and reflective of possible effects of acute
psychopathology on cognitive processes. Establishing which deficits are episode
and trait markers of the disorder will constitute the primary aim of Study 2.
However, in order to determine whether the deficits in OCD are episode or trait
markers, it firstly needs to be established whether OCD subjects exhibit impairments
in executive functions. This comprised Study 1 and included an anxiety disorders
control sample of PD subjects in order to determine whether the deficits observed
are specific to OCD, or general to all anxiety disorders. Moreover, extending on
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previous research, Study 1 assessed personality traits frequently associated with
OCD to determine the impact of these non-neurological factors on executive
function performance.
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Chapter 3. Executive Function Deficits in O C D Subjects1

3.1 Introduction
It is argued in chapter 1 that an accumulation of data from genetic,
pharmacological, neuroimaging, neurosurgical and neuropathology studies has
contributed to our conceptualisation of OCD. However, despite the advancements,
it is not clearly understood what and how underlying mechanisms interact to
produce the repetitive obsessional thoughts and/or compulsive rituals.
Neuropsychological investigations of the cognitive impairments, particularly
executive functions, have attempted to integrate the behavioural expressions of the
disorder with possible functional brain abnormalities in OCD. It is argued in chapter
2 that despite neuropsychological studies of executive functions yielding discordant
results, there is evidence of some emergent trends. Deficits in inhibition present the
most consistent finding in the literature, with impaired set shifting ability, but
adequate planning ability evident. Inconsistent findings have been observed for
working memory and verbal fluency. It is further argued in chapter 2 that several
limitations with previous research may have contributed to the discordant results.
These include the absence of an appropriate taxonomy of executive functions, the
paucity of 'pure' tests that measure cognitive functions, the limited use of anxiety

disorders clinical control groups, and the failure to examine and control the potential
impact of personality traits on performance measures of executive functions.

1

Part of the results have been published in: Bannon, S., Gonsalvez, C. J., Croft, R. J. & Boyce, P. M .
(2002). Response inhibition deficits in obsessive-compulsive disorder. Psychiatry Research, 110,
165-174.
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A n important research question arises from the literature review undertaken
in chapter 2. Despite research establishing impoverished executive functions in
OCD, determining whether these deficits are episode or trait markers has not
formally been examined and this will constitute the primary aim of Study 2.
However, firstly it needs to be established which executive functions are impaired,

given the discrepancies in the literature. Accordingly, the first aim of this study is
assess whether OCD subjects display deficits in executive functions. Advancing on
previous research, an anxiety disorders clinical control sample of PD subjects is
included, with the second aim to determine whether the observed deficits are
specific to OCD or related to psychopathology in general. Personality traits
associated with OCD are also examined with the third aim to determine whether
these non-neurological factors are implicated in executive function performance.
That is, this will allow for the examination of whether personality traits commonly
associated with OCD, such as indecisiveness and perfectionism, impact on
performance as opposed to an underlying executive function deficit.

The inclusion of the PD sample is twofold: Firstly, little information is
available on the specificity of executive function impairments in OCD. As
discussed in chapter 2.3.3, OCD is characterised in the DSM-IV as an anxiety

disorder, hence, there is the potential to argue that the observed deficits on executi
function tasks are the result of anxiety, rather than being specific to OCD. Thus, the
inclusion of another anxiety disorders group will allow for the clarification of
whether deficits are 'syndrome-specific' (i.e. exhibited only in OCD subjects), or the
result of psychopathology in general.
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Secondly, it m a y be possible to utilise a P D sample as a 'normal' control
group equivalent. Little research has examined executive function performance in
PD subjects, however, the preliminary literature indicates that they perform
comparably to normal control subjects on these measures. For example,
Asmundson, Stein, Larsen and Walker (1995) reported no group differences on tests
of cognitive flexibility in PD patients and normal control subjects. Similarly,
Gladsjo et al. (1998) found no significant group differences between PD and normal
control subjects on the neuropsychological measures of attention, visuospatial
functioning and psychomotor speed. Consistent with these findings, Purcell et al.
(1998b) examined PD, depression, normal controls and OCD subjects. These
authors reported that PD subjects did not exhibit cognitive deficits and performed
comparably to the normal control subjects on measures of attention, memory and
planning abilities. Thus, given the findings from the preliminary data, suggesting
unimpaired executive functioning in PD with comparable performance to normal

control subjects, this raises the possibility that a PD anxiety disorders control sam
may also serve as a normal control sample equivalent. Therefore, it is hypothesised
that PD subjects will not exhibit executive function deficits.

3.2 Method
3.2.1 Subjects
Forty subjects participated in this study. Twenty subjects were diagnosed
with OCD and 20 diagnosed with Panic Disorder With or Without Agoraphobia
(PD). Subjects were referred by psychiatrists and clinical psychologists affiliated
with Nepean Anxiety Disorders Clinic (Sydney, Australia). Diagnoses of
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Symptomatic O C D and P D were based on fulfilment of the D S M - I V criteria
(American Psychiatric Association, 1994) and concordance with the computerised
version of the Composite International Diagnostic Interview (CIDI-Auto; World
Health Organisation, 1997). Subjects also needed a score of 20 (moderate-severe
symptoms) or greater on the Yale-Brown Obsessive Compulsive Scale (Y-BOCS) to
be recruited into the Symptomatic OCD group.

Exclusion criterion for all subjects was a history of neurological disorder

(including Parkinson's Disease, Huntington's Disease or epilepsy), head injury with

a loss of consciousness, psychotic or substance abuse disorder, mental retardation,

colour blindness. The rationale for the exclusion rests upon the premise that thes
conditions may produce deficits that are unrepresentative of OCD. Patients were
also excluded if they suffered any comorbid Axis I disorder as defined by the DSM-

IV criteria, other than features of depression. Although secondary diagnoses may be
a potential confound in studies of OCD, as discussed in chapter 1 the comorbidity
OCD with affective disorders is high, rendering the recruitment of a 'pure' OCD
sample difficult. No subject suffered comorbid OCD and PD diagnoses.

Thirty-one subjects were medicated at the time of testing (16 PD; 15
Symptomatic OCD): 10 PD and 10 Symptomatic OCD were taking SSRIs; 3
Symptomatic OCD were taking tricyclics; 4 PD and 1 Symptomatic OCD were
taking reversible inhibitor of monoamine oxidase type A; and 2 PD and 1
Symptomatic OCD were taking benzodiazepines.
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3.2.2 Materials
3.2.2.1 Questionnaires
3.2.2.1.1 Composite International Diagnostic Interview-Computerised Version
The CIDI-Auto, a computerised version of the standard CIDI, is a structured
diagnostic interview for the assessment of mental disorders and provides diagnoses
according to the definitions and criteria of the DSM-IV and the International
Classification of Diseases-Tenth Revision (World Health Organization, 1993). The
CIDI-Auto was administered to assess diagnostic agreement with clinical diagnoses.

Test re-test reliability for the CIDI has been reported to be good (> 0.70;

Sender et al., 1987; Wittchen, 1994), with reliability estimates generally found to b
higher for lifetime diagnoses (Wittchen, 1994). Excellent concordance rates
between clinical diagnoses and the CIDI-Auto, as measured by intraclass kappa (K =

0.81) have been reported for OCD, with a fair level of agreement reported overall (K
= 0.40; Komiti et al., 2001; Peters & Andrews, 1995; Rosenman, Korten, & Levings,
1997).

3.2.2.1.2 Yale-Brown Obsessive Compulsive Scale
OCD subjects were administered the Y-BOCS (Goodman et al., 1989) to
assess the presence and severity of obsessions and compulsions. The Y-BOCS is a
semi-structured interview specifically designed to determine the severity of
obsessions and compulsions and to assess change in severity of patient's symptoms.
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The Y - B O C S has been demonstrated to have good psychometric properties
(e.g. Taylor, 1995). High correlations have been reported with all intraclass

correlation coefficients above 0.80 for the total Y-BOCS score, and for each of the
individual Y-BOCS items (Goodman et al, 1989; Woody, Steketee, & Chambless,
1995). The Y-BOCS has been shown to have Cronbach's a coefficients ranging
from 0.69 to 0.91 (Goodman et al, 1989; Richter, Cox, & Direnfeld, 1994; Woody
et al, 1995). Convergent validity with the National Institutes of Mental Health
Global Obsessive Compulsive Scale (r = 0.67) and the Clinical Global ImpressionObsessive Compulsive scale (r = 0.74) have also been found to be good (Goodman
et al, 1989). Factor analysis supports a two factor solution: obsessions and
compulsions (McKay, Danyko, Neziroglu, 8c Yaryura-Tobias, 1995).

The Y-BOCS has proven sensitive to symptomatic changes following
pharmacological and behavioural treatment (e.g. Goodman et al, 1989; Taylor,
1995; The Clomipramine Collaborative Study Group, 1991).

For the purpose of analyses, the dependent measure for this scale was the
total score.

3.2.2.1.3 PADUA Inventory
The PADUA Inventory (PI; Sanavio, 1988) is a 60-item self-report inventory
which measures the degree of disturbance caused by the most common types of

obsessive-compulsive behaviours. All subjects, including PD clinical controls, wer
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required to complete the PI. The PI was used as a screening instrument for P D
subjects to ensure that they did not exhibit obsessive-compulsive symptomatology.

Several studies have found the PI total score and its subscales to have
moderate to high internal consistency, ranging from 0.77 to 0.96 (Macdonald & de
Silva, 1999; Sanavio, 1988; Sternberger & Burns, 1990; van Oppen, 1992). Good

test-retest (one-month) reliability has also been reported, with coefficients rangin
from 0.71 to 0.78 for males, and 0.82 to 0.83 for females (Macdonald et al, 1999;
Sanavio, 1988; van Oppen, 1992). Acceptable discriminant and construct validity
have also been reported (Sanavio, 1988; van Oppen, 1992). The PI total score has
been found to correlate with both the Maudsley Obsessive Compulsive Inventory
and the Leyton Obsessional Inventory (0.65 to 0.75; Sanavio, 1988; Sternberger et
al, 1990; van Oppen, 1992). Similar psychometric properties have been obtained
for an Australian sample, with an eight week test-retest reliability coefficient of
0.83, internal consistency of 0.94, and convergent validity with the Maudsley
Obsessive Compulsive Inventory ranging from 0.34 to 0.69 (Kyrios, Bhar, & Wade,
1996).

Factor analyses of the PI in normal controls and undergraduate subjects have
revealed four factors in an Italian sample, including i) impaired control of mental
activities, ii) becoming contaminated, iii) checking behaviours, and iv) urges and
worries of loss of control of motor behaviour (Sanavio, 1988). This factor structure

has also been derived across various other countries, including Australia (Kyrios et
al, 1996), the US (Sternberger et al, 1990), Holland (van Oppen, 1992), and Britain
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(Macdonald et al, 1999).

In a clinical sample of O C D , however, van Oppen,

Hoekstra and Emmelkamp (1995) devised a five-factor model including, i) impulses,

ii) washing, (iii) checking, iv) rumination, and v) precision. The reliability of th
subscales was found to be satisfactory to excellent.

The total score of the PI was the dependent measure used in this study.

3.2.2.1.4 Beck Depression Inventory-Second Edition
Symptoms of concurrent depression were assessed in all subjects using the
Beck Depression Inventory-Second Edition (BDI-II; Beck, Steer, & Brown, 1996).
The BDI-II is a 21-item self-report questionnaire for measuring the severity of
depression in adolescents and adults.

Research has demonstrated excellent reliability and validity for the BDI-II.
Test-retest reliability is high with one-week intervals of 0.93, and internal
consistency has ranged from 0.89 to 0.94 (Arnau, Meagher, Norris, & Bramson,
2001; Beck, Steer, Ball, & Ranieri, 1996; Whisman, Perez, & Ramel, 2000). With
regard to convergent validity, the BDI-II has also been shown to exhibit high
correlations with the Hamilton Psychiatric Rating Scale for Depression (r = 0.71;
Beck et al, 1996) and the Mental Health subscale of the SF-20 (r = 0.65; Arnau et
al, 2001). A two-factor structure has been determined for the BDI-II involving a
cognitive-affective and somatic factor (Arnau et al, 2001; Beck et al, 1996;
Whisman et al, 2000).
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The dependent measure used in this study for the BDI-II was the total score.

3.2.2.1.5 State-Trait Anxiety Inventory
The state form of the State-Trait Anxiety Inventory (STAI-S; Spielberger,
1983) was administered to all subjects to assess state level anxiety before
commencement of the neuropsychological assessment. The STAI-S consists of 20items that assess present feelings of apprehension, tension, nervousness and worry.

Test-retest coefficients for the STAI-S scale, with intervals of 1 hour, 20
days and 104 days, are relatively low, ranging from 0.16 to 0.62 with a medium of
0.33. This lack of stability is expected, as a valid measure of state anxiety should

reflect the influence of situational factors that exist at the time of testing. Interna
consistency is high, ranging from 0.86 to 0.95, with a median coefficient of 0.93 for
independent samples of students, working adults and military recruits. Evidence of
construct validity of the STAI-S has been demonstrated in studies in which the
inventory was given under high and low stress conditions (Spielberger, 1983).

The dependent measure for the STAI-S used in this study was the total score.

3.2.2.1.6Indecisiveness Scale
The Indecisiveness Scale (referred to as indecisiveness throughout this
thesis; Frost & Gross, 1993) is a 15-item self-report questionnaire that was
administered to all subjects to assess the personality trait of indecisiveness.
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The Indecisiveness Scale has been shown to have high internal consistency
ranging from 0.87 to 0.90 for two samples, and acceptable discriminant and
construct validity. The scale has also been found to correlate with the compulsive
checking and doubting factors of the Maudsley Obsessive Compulsive Inventory as
well as the Obsessional Thoughts Questionnaire (0.24 - 0.41; Frost et al, 1993;
Gaytonetal, 1994).

The dependent measure for the Indecisiveness Scale was the total score.

3.2.2.1.7 Multidimensional Perfectionism Scale
The Multidimensional Perfectionism Scale (referred to as perfectionism
throughout this thesis; Frost, Marten, Lahart, & Rosenblate, 1990) is a 35-item selfreport questionnaire designed to measure perfectionism. The scale consists of six

subscales that are related to the construct of perfectionism, including i) concern ov

mistakes, ii) personal standards, iii) parent expectations, iv) parental criticism, v)
doubting of actions, and vi) organisation. Summation of the subscales, except for
organisation, derives an overall perfectionism score. The scale was administered to
all subjects.

Internal consistency has ranged from good to excellent for each of the
subscales (a = 0.77 - 0.93) and the total perfectionism score (a = 0.90; Frost et al,
1990; Parker & Adkins, 1995). The total perfectionism score is highly correlated
with other measures of perfectionism including the Burns Perfectionism Scale, the
Perfectionism Scale from the Eating Disorders Inventory, and the Self-Orientated
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Perfectionism and Socially-Prescribed Perfectionism scales on Hewitt and Flett's
Multidimensional Perfectionism Scale (Frost et al, 1990).

The overall perfectionism score was the dependent measure for this scale.

3.2.2.1.8 NEO Five Factor Inventory
The NEO Five Factor Inventory (NEO-FFI; Costa & McCrae, 1992) was
administered to assess the personality trait of conscientiousness. The NEO-FFI is a
short form (60 items) of the NEO-Personality Inventory and provides information on
five global scales of neuroticism, extraversion, openness to experience,
agreeableness and conscientiousness. The factor, conscientiousness was of primary
relevance to the present research thus the results from this scale will only be
reported.

When correlated with the NEO-Personality Inventory, the NEO-FFI
conscientiousness subscale scores have ranged from 0.75 to 0.87. Internal
consistency of 0.81 for the conscientiousness scale has been obtained and
convergent correlations for the subscale have ranged from 0.56 to 0.62 (Costa et al,
1992).

The subscale score for conscientiousness was the dependent measure used in
this research.
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3.2.2.2 Neuropsychological Tests
Based on the literature review of chapter 2, the measures reported below
were utilised. Whilst chapter 2.3.4 indicates that these tasks are sensitive to
executive function impairments, for some of these tasks, including the Stroop and
the WCST, there are clearly conflicting reports. Taking this into consideration, it

was felt that administration of these measures would be useful in assessing executive
function performance in OCD.

3.2.2.2.1 The National Adult Reading Test—Second Edition
The National Adult Reading Test-Second Edition (NART-2; Nelson &
Willison, 1991) was administered to estimate pre-morbid verbal intellectual ability.
The test consists of a list of 50 words and yields a total score that represents the
number of words pronounced correctly, that can be used to reliably estimate the
Wechsler Adult Intelligence Scale - Revised Verbal, Performance, and Full Scale
intelligence quotient's.

Internal reliability estimates, based on Cronbach's alpha, are reported as
ranging from 0.90 to 0.93 (Crawford, Stewart, Garthwaite, Parker, & Besson, 1988;
Nelson, 1982; Nelson et al, 1991). Inter-rater reliability estimates range from 0.96

to 0.98, and test-retest reliability of 0.98 for a two-week interval has been reporte
(Crawford, Stewart, Cochrane, Parker, & Besson, 1989). Evidence for construct
validity for the NART comes from factor analysis and correlational studies with the
Wechsler Adult Intelligence Scale and Wechsler Adult Intelligence Scale - Revised,
where the NART has been shown to load 0.85 on a Wechsler Adult Intelligence
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Scale first factor (representing general intelligence) and predicted 6 6 % of the
variance in Full Scale intelligence (Crawford, Stewart, Besson, Parker, & De Lacey,
1989; Crawford et al, 1989). The NART has been standardised to Australian norms
(Wiltshire, Kinsella, & Prior, 1991).

Estimated premorbid verbal intelligence (NART-VIQ) was used as the
dependent measure in this study, as verbal intelligence is believed to be more
resilient to the effects of brain dysfunction, which may occur secondary to a
psychiatric disorder (Lezak, 1995).

3.2.2.2.2 Go/Nogo Task
The Go/Nogo task (as per Fox, Michie, Wynne, & Maybery, 2000) was

administered to assess inhibition in subjects. This task consisted of four blocks pl
a practice sequence (consisting of 30 stimuli). Each block consisted of 100 stimuli.
Subjects were instructed to press the space bar with their index finger following
presentation of the Go stimuli, and to withhold a response to the Nogo stimuli. Go
stimuli consisted of the letters 'N', 'J', 'W' presented in blue, or the letter 'O'
presented in either red, green or yellow. Nogo stimuli were the letter 'O' presented
in blue and the letter 'E' presented in pink. The proportion of Go stimuli and Nogo
stimuli was 75% and 25%, respectively and the sequence of the stimuli was random.

Performance was analysed as response time to Go stimuli, number of extra
responses, percentage of omission errors and percentage of commission errors.

91

3.2.2.2.3 Stroop Task
This task was a vocal response time computerised version of the Stroop
Colour Word Test (Golden, 1978) administered to subjects to additionally assess
inhibition. The task consisted of three conditions with 100 stimuli in each. Within
each condition a fixation cross appeared in the centre of the screen for 1 second.
Stimuli were presented until subjects responded through a voice key, triggering a
response-timing device. The experimenter, present in the room, recorded accuracy
(accurate, inaccurate or invalid). Once accuracy was recorded the screen became
blank for 2 seconds and the fixation cross was again presented.

Three conditions were presented. Block 1 required subjects to read the
colour words, 'BLUE', 'RED' and 'GREEN' displayed in black characters, as
quickly as possible. Block 2 required subjects to name the colour (blue, red, green)
of a series of X's on the screen. In Block 3 (the interference trial) subjects were

presented with colour words printed in a colour other than that spelt by the letters
(e.g. 'RED' presented in blue ink). This condition required subjects to name the
colour of the ink and inhibit the tendency to read the word.

Performance measures were response time and the number of errors for each
condition.

3.2.2.2.4 Wisconsin Card Sorting Test
The computerised version of the Wisconsin Card Sorting Test (WCST;
Heaton, Chelune, Talley, Kay, & Curtis, 1993) was administered. This test
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measured the ability to maintain and shift cognitive sets. Four stimulus cards were
presented, the first with a red triangle, the second with two green stars, the third
three yellow crosses, and the fourth with four blue circles. One hundred and twenty
eight response cards with designs similar to the stimuli cards and varying in colour,
geometric form, and the number of forms, were presented one by one on the
computer screen. Subjects were required to match each response card to one of the
four stimuli cards. The computer provided immediate feedback as to whether the
response was correct. No other information was provided. The category (colour,
form, number) of sorting cards changed after each series of 10 consecutive correct
sorts. Subjects were not informed of this category change.

The scores used as the dependent measures were perseverative errors and
number of categories completed.

3.2.2.2.5 Auditory Tracking Dual Task
This task was adopted from the Auditory Tracking Dual Task (ATDT;
Baddeley, Logie, Bressi, Delia Sala, & Spinnler, 1986), assessing the ability of
subjects to successfully coordinate performance on two simultaneous tasks. This

task is believed to tap working memory. Initially, the auditory task and the tracking
tasks were conducted separately. These tasks were then combined requiring subjects
to perform both tasks simultaneously.

The auditory task involved presenting subjects with a series of computerised
tones. Subjects were required to respond as quickly as possible by pressing the
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space bar on the keyboard after they heard the tone. The inter-tone interval was
randomly varied to ensure that subjects were unable to use the rhythmic cues
associated with a regular rate. A 40-second practice trial was administered.

The tracking task involved presenting subjects with a white, two by two
centimetre square on a colour monitor. The square moved in random directions
across the screen. Subjects were required to follow the movement of the square
using a computer mouse cursor. Whenever the cursor moved off the square the
colour changed to red, when back on the square the colour returned to white. The

movement of the square steadily increased over the trial. A 40-second practice trial
was given. The tracking task was then performed for two minutes.

The dependent measures for working memory were tone response time,
number of tone omission errors and average error time for the tracking task.

3.2.2.2.6 Tower of London
The Tower of London, derived from the Tower of London task developed by
Shallice (1982), is purported to measure planning ability. Subjects were presented
with a problem and were required to rearrange the coloured beads in the left window
(working area) of the computer's monitor until they achieved the arrangement in the

right window (goal position) of the computer's monitor. Subjects were instructed to

achieve the goal arrangement in as few moves as possible. The tests contained trials
with three beads and three pegs, four beads and four pegs, and five beads and five
pegs.
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The dependent measures for the Tower of London were the total number of
moves in excess of the minimum and average pickup time (time between each move
of the bead).

3.2.2.2.7 Controlled Oral Word Association
The "FAS" version of the Controlled Oral Word Association (COWA;
Benton, Hamsher, & Sivan, 1983) was used in this study to assess verbal fluency.
Subjects were required to generate orally as many words as they could (excluding
proper nouns, numbers and the same word with a different suffix), beginning with
the letter of the alphabet (F, A or S) within a one-minute time frame. The scores
were adjusted for age, sex and education (Lezak, 1995, p. 545).

The total number of words achieved, adjusted for age, sex and education was
the dependent measure for verbal fluency. Performance was compared to the
normative data provided by Lezak (1995, p. 545).

3.2.3 Procedure
Written informed consent was obtained from subjects before commencement
of the procedure. Subjects, seated in front of a laptop computer, were introduced
the experimental set up. Subjects were interviewed and completed the STAI-S
questionnaire and NART-2. The remainder of the questionnaires: PI, BDI-II,
Indecisiveness, Perfectionism, and NEO-FFI (conscientiousness), were sent to
subjects for completion prior to the procedure.
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The CIDI-Auto was completed as part of routine clinical care and the clinical
interview was completed by the treating clinician. The Y-BOCS was also completed

by the treating clinician for the purpose of the study. A series of six measures w
administered to assess executive functions: the Go/Nogo Task, Stroop Task, WCST,
ATDT, Tower of London, and COWA. All neuropsychological tests were

administered within a single session. Half the subjects were administered tasks in
the order of the WCST, Go/Nogo, COWA, ATDT, Tower of London and the Stroop

task. The remainder of subjects completed the tasks in reverse order to control for
fatigue effects. Completion of the tasks took approximately 90 minutes. Subjects
were given approximately a 5-minute rest break during testing.

The study was approved by Wentworth Area Health Service and University
of Wollongong ethics' committees.

3.2.4 Statistical Analyses
To test for group differences on the demographic, clinical and personality
variables, multivariate analysis of variances (MANOVAs) were conducted. This
involved three tests with the dependent variables: i) demographics (age of onset,

age, sex, years of education), ii) clinical characteristics (PI, BDI-II, STAI-S, NAR
V1Q), and iii) personality characteristics (perfectionism, conscientiousness,
indecisiveness). The independent variable was group status (Symptomatic OCD vs.
PD).
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Separate M A N O V A s tested for group differences on each of the executive
function domains of inhibition, set shifting, working memory and planning. This
involved four tests with the dependent variables: i) the Go/Nogo (response time to
Go stimuli, number of extra responses, percentage of omission and commission
errors) and Stroop indices (number of errors and response time for baseline
conditions 1 and 2 and the interference condition), ii) the WCST indices

(perseverative errors and categories achieved), iii) the ATDT indices (tone respons

time for task completed independently and concurrently with tracking aspect of task

number of omission errors for the tone conducted concurrently, and the average time

in error for the tracking task completed independently and concurrently), and iv) t
Tower of London indices (total number of moves in excess of the minimum and
average total pickup time). The independent variable was group status
(Symptomatic OCD vs. PD).

In addition, an ANOVA tested for group differences on the executive
function domain of verbal fluency. The dependent variable was the total number of
words generated on the COWA, and the independent variable was group status
(Symptomatic OCD vs. PD).

As the contrasts were planned and there were no more contrasts than the
effect degrees of freedom, adjustment for alpha was neither required nor made
(Tabachnick & Fidell, 1989).
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T o determine if there were any relations between executive function deficits
and clinical variables, such as symptomatology and the obsessive-compulsive
personality traits for the Symptomatic OCD group, Pearson's Product-Moment
correlation coefficients V were calculated. The variables were the measures of
impaired executive function (nogo commission errors, Stroop errors, Stroop RT,
perseverative errors, categories achieved, response time to tone task [performed
concurrently], and omission errors for tone task [performed concurrently]). The
variable for symptomatology was the Y-BOCS and for personality were the traits
that were found to be significantly different between the Symptomatic OCD and PD
groups, that is perfectionism and indecisiveness.

In order to identify possible effects of medication on significant group
differences of executive function performance (nogo commission errors, Stroop
errors, Stroop RT, perseverative errors, categories achieved, response time to the
tone task [performed concurrently], and omission errors for the tone task [performed
concurrently]), the Symptomatic OCD group was divided into medicated (n = 15)
and non-medicated (n = 5) subgroups. Between-group differences were examined
using ANOVA.

All statistical values reported are for two-tailed tests.
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3.3 Results
3.3.1 Data Screening
The data was explored for fulfilment of statistical assumptions (Tabachnick
& Fidell, 1989). Data for two variables (ATDT - average time in error; Tower of
London - total excess moves) violated the assumption of normality. The violations
were transformed using natural logarithmic (nlog) and square root (sqrf),
respectively.

3.3.2 Demographic and Clinical Characteristics
Table 3.1 provides the group data for the subject's demographic, clinical and
personality characteristics.

Table 3.1. Demographic, Clinical and Personality Characteristics for Subjects

16,4

Symptomatic O C D
M (SD)
13,7

38.15(9.45)
18,2

33.90 (10.64)
18,2

16

15

110.90(6.43)
12.35(1.81)
22.90(7.19)

108.70 (5.40)
12.45(1.64)
14.40 (3.86)
29.20 (5.89)
100.70 (28.72)
20.65 (14.10)
45.65 (12.31)
31.30(6.73)
46.20 (8.02)
92.70 (20.79)

Panic Disorder
Characteristics
Female, Male

Age
Hand (right, left)
Medicated
NART-VIQ
Education (years)
Age of onset (years)
Y-BOCS

PI
BDI-II
STAI-S
Conscientiousness
Indecisiveness
Perfectionism

M(SD)

-

24.70 (15.48)
17.05 (12.53)
44.60 (13.37)
30.45 (7.44)
42.10(4.29)
77.95 (13.02)

Note. N A R T - V I Q = National Adult Reading Test-verbal intelligence quotient; Y - B O C S = YaleBrown Obsessive-Compulsive Scale; PI = P A D U A Inventory; BDI-II = Beck Depression InventoryII; STAI-S = State-Trait Anxiety Inventory-State Form; Conscientiousness = NEO-FFI
Conscientiousness Subscale; Indecisiveness = Indecisiveness Scale; Perfectionism =
Multidimensional Perfectionism Scale. The dash indicates the P D subjects were not administered the
Y-BOCS.
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It was found that the O C D group had an earlier age of onset, F (1, 38) =

21.71, p < 0.01, displayed a greater number of obsessive-compulsive symptoms
(1, 38) = 108.49,p < 0.01, were more perfectionistic, F (1, 38) = 1.23, p =

more indecisive, F (1, 38) = 4.06, p = 0.05, than the PD group. No other di

were found on any of the demographic, clinical or personality variables bet

Symptomatic OCD and PD groups (age, F (1, 38) = 1.70, p = 0.20; sex, F (1, 3

1.10, p = 0.30; years of education, F (1, 38) = 0.03, p = 0.86; BDI-II, F (1

0.69,p = 0.41; STAI-S, F(l, 38) = 0.07,p = 0.80; NART-VIQ, F(l, 38) = 1.14,p
= 0.26; conscientiousness, F (1, 38) = 0.01,/? = 0.92).

3.3.3 Executive Function Tasks
Means and standard deviations for performance on each executive function
task are presented in Table 3.2.

Table 3.2. Performance on Executive Function Tasks for Subjects

Task
Go/Nogo

Stroop
WCST
ATDT
Individual task

Measure
R T to Go Stimuli
Omission errors
Commission errors
R T (ms)
Errors
Perseverative Errors
Categories Achieved

Panic Disorder
M(SD)
615.57 (60.72)
4.30 (5.48)
8.00 (6.57)
736.25(114.76)
1.80(1.20)
14.10(3.34)
7.60(1.35)

Symptomatic O C D
M(SD)
574.55 (54.88)
7.20 (9.98)
20.65(11.40)
829.39 (170.60)
8.60(6.81)
20.65 (9.03)
5.20 (2.65)

378.55 (107.78)
378.55
(107.78)
384.63 (87.41)
RT to tone (ms)
324.05(170.59)
Tracking - Error Time 355.60(134.39)
479.25 (105.75)
Dual task
414.05 (49.13)
R T to tone (ms)
2.45(1.90)
Omission errors
1.15(1.42)
466.66(810.17)
Tracking - Error Time
300.17(68.05)
10.40 (8.42)
8.20 (6.29)
Tower of London Excess Moves (total)
4.47
(2.24)
Pickup Time (average)
4.61 (1.82)
40.05 (8.19)
(8.19)
COWA
Total Score
41.25(11.85)
==Auditory
Tracking
Dual
Tracking
Dual
time; W C S T = WisconsinCard
CardSorting
SortingTest;
Test;ATDT
ATDT
=Auditory
Auditory
Tracking
Dual
Note. RT = response
Task; C O W A = Cont
trolled Oral Word Association.
on.
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3.3.3.1 Inhibition
In the Go/Nogo task the Symptomatic OCD group responded faster to Go
stimuli than the PD group, F (1, 38) = 5.03, p = 0.03. Despite this, there were no
differences between the Symptomatic OCD and PD groups for the number of extra
responses, F (1, 38) = 2.91, p = 0.10, or the percentage of omission errors, F (1,
= 1.14, p = 0.29. For the nogo stimuli, OCD subjects had a higher percentage of
commission errors than the PD group, F (1, 38) = 20.22, p < 0.01. Hence,
Symptomatic OCD subjects exhibited a deficit in the inhibitory portion of the
Go/Nogo task (see Figure 3.1).

2520-

o
1—
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UJ

10

l

5-

o-Omission

Commission

Figure 3.1. Number of omission and commission errors for subjects on the
Go/Nogo task. Note. Error bars indicate standard error.

101

A s evident in Figure 3.2, there were no differences between the Symptomatic
OCD and PD groups for the number of errors made for the baseline conditions of

the Stroop test (Block 1, F (1, 38) < 0.01, p > 0.99; Block 2, F (1, 38) = 0.56, p
0.46), however, the Symptomatic OCD subjects made more errors than the PD
control subjects on the interference trial of the Stroop task, F (1, 38) = 19.35,
0.01.

Block 1

Block 2

Interference Block

Figure 3.2. N u m b e r of errors on the Stroop task for subjects. Note. Error bars
indicate standard error.

No differences were found between the Symptomatic OCD and PD groups

for response time on the baseline conditions (Block 1, F (1, 38) = 0.14, p = 0.71;
Block 2, F (1, 38) = 1.33, p - 0.26), however, the Symptomatic OCD group

displayed slower response times than the PD control group on the interference tri
of the Stroop test, F (1, 38) = 4.10, p = 0.05 (see Figure 3.3).
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Figure 3.3. Response time on the Stroop task for subjects. Note. Error bars
indicate standard error.

3.3.3.2 Set Shifting
The Symptomatic OCD group made more perseverative errors, F (1, 38) =
9.25, p < 0.01, and achieved fewer categories on the WCST than the PD subjects, F
(1, 38) = 13.03, p < 0.01 (see Figure 3.4).

Perseverative Errors

Categories Achieved

Figure 3.4. N u m b e r of perseverative errors and categories achieved on the
Wisconsin Card Sorting Test for subjects. Note. Error bars indicate standard
error.
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3.3.3.3 Working M e m o r y
When performing the tone and tracking tasks independently, there were no
differences between Symptomatic OCD and PD groups for response time to the tone
task, F (1, 38) = 0.04, p = 0.85, or average time in error on the tracking task, F
38) = 0.41, p = 0.52. However, when performing these tasks concurrently, with
working memory requirements, the Symptomatic OCD group displayed slower

response times for tone, F (1, 38) = 6.25, p = 0.02, and made more omission errors,

F (1, 38) = 5.97, p = 0.02, on the tone aspect of the task (but not on the tracking

(nlog) aspect of this task; F (1, 38) < 0.01, p = 0.96), in comparison to the PD gr
(see Figure 3.5).

500

IPD
IOCD

300

I ndependent Tone Task

Concurrent Tone Task

Figure 3.5. Response time for the tone task on the Auditory Tracking Dual
Task, when performed independently and concurrently by subjects. Note.
Error bars indicate standard error.
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3.3.3.4 Planning
There were no differences found between the Symptomatic OCD group and

the PD group on the total number of excess moves (sqrt), F (1, 38) = 0.70, p = 0.41
(see Figure 3.6), or in the average pickup time between the OCD group and the PD
group, F (1, 38) = 0.05, p = 0.83.

IPD
I OCD

Figure 3.6. N u m b e r of excess moves on the Tower of London for subjects.
Note. Error bars indicate standard error.

3.3.3.5 Verbal Fluency
No differences in verbal fluency were found between the Symptomatic OCD

group and the PD group, F (1, 38) = 0.14, p = 0.71, with the groups falling within
the 'normal' classification range (see Figure 3.7).
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Figure 3.7. Total score (adjusted for age, sex and education) on the Controlled
Oral W o r d Association for subjects. Note. Error bars indicate standard error.

3.3.4 Relationship Between Performance and Clinical Variables
There were no correlations evident between symptomatology and inhibition
indices (percentage of commission errors, r (18) = 0.05, p = 0.83; Stroop errors, r
(18) = 0.30, p = 0.19; Stroop RT, r (18) = -0.42, p = 0.07), set shifting indices
(perseverative errors, r (18) = -0.16, p = 0.49; categories achieved, r (18) = 0.21,
0.40), or working memory indices when performed concurrently (response time to
tone task, r (18) = -0.36, p = 0.12; omission errors for tone task, r (18) = -0.26,
0.28).

Perfectionism correlated with response times for the Stroop task, r (18) =
0.44, p = 0.05 for Symptomatic OCD subjects. The personality traits of
indecisiveness and perfectionism (which were significantly different between
Symptomatic OCD and PD subjects), did not correlate with any of the remaining
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impaired executive function measures (percentage of commission errors, r (18) = 0.16,/? = 0.50, r (18) = 0.13,/? = 0.57; Stroop errors, r (18) = 0.02,/? = 0.94,
0.06, p = 0.80; WCST perseverative errors, r (18) = -0.05, p = 0.85, r (18) = 0.20,
= 0.39; and categories achieved on the WCST, r (18) = -0.15, p = 0.54, r (18) = -

0.30, p = 0.19; response time to tone task [performed concurrently], r (18) = -0.02,
= 0.94, r (18) = -0.10, p = 0.68; and omission errors for tone task [performed
concurrently], r (18) = -0.23,p = 0.36, r (18) = -0.34,p = 0.14).

3.3.5 Effects of Medication on Performance
No differences were found between the medicated (n = 15) and nonmedicated (n = 5) Symptomatic OCD subjects, on any of the significant executive
function measures (nogo commission errors, F (1, 18) = 0.36, p = 0.56; Stroop
errors, F (1, 18) = 0.20, p = 0.66; Stroop RT, F (1, 18) = 0.32, p = 0.58;
perseverative errors, F (1, 18) = 0.48, p = 0.50; categories achieved, F (1, 18) =
0.04, p = 0.85; response time to tone task [performed concurrently], F (1, 18) =
3.84, p = 0.07; omission errors for tone task [performed concurrently], F (1, 18) =
0.11,/? = 0.75).

3.4 Discussion
This study found that Symptomatic OCD subjects exhibited selective deficits

in executive functions of inhibition, set shifting and working memory that were not

exhibited by the anxiety disorders control sample of PD subjects. Table 3.3 provide
a summary of the findings.
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Table 3.3. S u m m a r y of Findings on Executive Function Tasks for Symptomatic
O C D Subjects

Executive
function
domain
Inhibition

Overall
group
difference in
this study
Significant

Set

Significant

shifting

Working
memory
Planning

Verbal
fluency

Significant
Nonsignificant
Nonsignificant

Supporting literature
Hartston 8c Swerdlow, 1999;
Johannes et al., 2001; Malloy
et al., 1989; Martinot et al.,
1990
Christensen et al., 1992;
Fontenelleetal., 2001;
Harvey, 1986; Head et al.,
1989; H y m a s etal., 1991;
Laplane et al., 1989; Lucey et
al., 1997; Malloy, 1987;
Okasha et al., 2000; Sanz et
al., 2001
Deckersbach et al., 2002
Purcell et al., 1998a; Purcell
etal., 1998b; Veale etal.,
1996
Boone et al., 1991; Martin et
al., 1993; Martinot etal.,
1990; Zielinski etal., 1991

Non-supporting literature
Hollander et al., 1993;
Schmidtke et al., 1998

Abbruzzese et al., 1995;
Abbruzzese et al., 1995;
Abbruzzese et al., 1997;
Boone et al, 1991; Gambini
et al., 1993; Zielinski et al.,
1991

Abbruzzese et al., 1995;
Christensen et al., 1992;
Harvey, 1986; Head etal.,
1989; Laplane etal., 1989;
Schmidtke et al., 1998

Note. Supporting and non-supporting literature is reported only for studies using tasks similar to
those adopted in this study.

In this study, it was found that Symptomatic O C D subjects m a d e more
commission errors on the Go/Nogo task, indicating a deficit in inhibition. These
findings are consistent with the empirical literature. For example, Malloy et al.
(1989) interpreted the impairments in OCD subjects as related to a loss of an
inhibitory response, on the basis of the electroencephalographic and event-related
potential data. Similarly, in a Go/Nogo-like measure, Johannes et al. (2001)
reported that the event-related potential components for OCD subjects were altered

in scalp topography. This showed an enhanced negativity at the frontal scalp site,
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findings that are consistent with the interpretation that inhibitory processes are
altered.

Interestingly, it was found that Symptomatic OCD subjects were
considerably faster at responding to Go stimuli than the PD group. One
interpretation of this finding is that it reflects impulsivity in the Symptomatic OCD
group. However, an increased number of commission errors would also be expected
if Symptomatic OCD subjects were considered more impulsive, which did not occur.
An alternative interpretation is that the response to the primed Go stimuli was
facilitated. That is, when Go stimuli were presented consecutively, associations
between the stimuli were strengthened resulting in faster response times. Increased
facilitation may account for OCD compulsive rituals by strengthening the
association between an intrusive thought and a ritual. Notably, potential problems
with mechanisms underlying the facilitation process have not been addressed in the

literature and further examination of this issue is required in order to elucidate its
relation to OCD. This will be examined in Study 4 (chapter 7).

This study found that Symptomatic OCD subjects exhibited slowed response
times on the interference trial of the Stroop task. Furthermore, these subjects made
more errors when attempting to read the colour the word was printed in, whilst
attempting to inhibit reading the word. These findings can be interpreted in terms of
deficits in inhibition in OCD in comparison to the anxiety disorders control group.
These findings are consistent with the empirical OCD literature which has also
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reported interference costs on the Stroop task that are argued to pertain to a deficit in
inhibition (Hartston 8c Swerdlow, 1999; Martinot et al., 1990).

Consistent with the suggestion that a breakdown in the process of inhibition
may be important in the development and maintenance of OCD, subjects with this
disorder display reduced inhibition on a number of other measures including
negative priming tasks (Enright & Beech, 1990; Enright & Beech, 1993a; Enright &
Beech, 1993b), and the antisaccade task (Rosenberg et al., 1997; Tien et al., 1992).
Collectively, this finding of a deficit in inhibition may underlie the repetitive
symptomatic behaviours of the disorder, including obsessions and compulsions.
Impaired inhibition in OCD patients would render it difficult for these patients to
inhibit the intrusive thoughts and compulsive urges that are prominent in the
disorder.

In the present study, Symptomatic OCD subjects made more perseverative
errors and achieved fewer categories on the WCST, indicating a deficit also in set
shifting. Consistent with this finding, previous studies have shown that OCD
patients fail to maintain set and have a tendency to make a greater number of

perseverative errors on the WCST (Christensen et al., 1992; Fontenelle et al., 2001;
Harvey, 1986; Head et al., 1989; Hymas et al., 1991; Laplane et al., 1989; Lucey et

al., 1997; Malloy, 1987; Okasha et al., 2000; Sanz et al., 2001). Set shifting deficit
suggest that individuals with OCD would have difficulty shifting their thought or
action according to the demands of the situation. This may account for the tendency
of OCD subjects to repeatedly engage in compulsive behaviours, despite having the
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insight that the feared potential consequence or danger has passed (e.g. checking that
the door is locked despite checking previously on numerous occasions).

The results from the working memory task showed that Symptomatic OCD
subjects performed single tasks normally, however, when required to perform both
tasks concurrently, their performance was impaired. OCD subjects have been shown
to perform more poorly on tasks when the processing demands are high

(Deckersbach et al., 2002; Purcell et al., 1998a; Purcell et al., 1998b) yet others h

failed to support these findings (Barnett et al., 1999; Galderisi et al., 1995; Marti
al., 1995). Purcell et al. (1998a) has commented that deficits in working memory
only emerge as task demands increase, and that null findings may be the result of
task difficulty not adequately manipulated.

The neuropsychological literature regarding planning ability in OCD has

consistently failed to report any deficits (Purcell et al., 1998a; Purcell et al., 19
Veale et al., 1996). In accord with this finding, Symptomatic OCD subjects in the
present study did not require excess moves or take longer to solve the problems on
the Tower of London task, indicating that they were as accurate as PD controls.
These findings can be interpreted as indicating that OCD subjects do not exhibit
deficits in the programming of accurate sequences of responses.

Verbal fluency in OCD has presented a mixed set of findings with as many

studies reporting deficits as those that failed to reach significance. In this study,
Symptomatic OCD subjects did not exhibit impaired performance, in comparison to
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P D controls on verbal fluency, and were able to generate a similar number of words
for a given letter of the alphabet in a time limit. Notably, impaired verbal fluency
has been suggested to be a consequence of gross frontal lobe dysfunction (Lezak,
1995), however, rather than exhibiting gross deficits in frontal lobe functioning,
OCD subjects in this study were found to display specific impairments in executive
functions.

As discussed in chapter 1 theories of abnormal cerebral functioning in OCD
have been proposed, particularly implicating the orbitofrontal cortex, anterior

cingulate and basal ganglia (Baxter, 1992; Baxter et al., 1990; Insel, 1988; Rapoport
et al., 1988). Evident in chapter 2, lesion and neuroimaging studies which have
utilised the Go/Nogo task, Stroop task, WCST, and dual tasks have implicated these
structures in their completion (Bench et al., 1993; Casey et al., 1997; Rao et al.,
1997). Therefore, the findings that OCD subject's exhibit impaired inhibition, set
shifting and working memory is consistent with the results of neuroimaging and
lesion studies demonstrating that subjects suffered impairment in these structures
and/or the circuits that connect these areas, as opposed to suffering global frontal
pathology.

Despite the limited side effects of the SSRIs, it has been questioned whether
medications (SSRIs and tricyclics) used in the treatment of OCD produce adverse
effects, such as cognitive impairment and slowed response times on cognitive tasks
(Mataix-Cols, Alonso, Pifarre, Menchon, & Vallejo, 2002). Statistically, this study
did not find any evidence that medicated subjects performed differently on executive
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functions than non-medicated subjects. This suggests that the findings are unlikely
to be a consequence of medication, and are consistent with recent research
demonstrating that medication does not account for impaired performance on
executive functions in OCD subjects (Deckersbach et al., 2000; Golombok,
Mathews, MacLeod, & Lader, 1990; Mataix-Cols et al., 2002; Purcell et al., 1998a;
Purcell et al., 1998b; Savage et al., 2000). However, because of small numbers
within the two groups, particularly the non-medicated group, the suggestions
regarding medication in this study are only tentative.

Previous researchers (Frost & Shows, 1993; Veale, 1993) have questioned
the impact of non-neurological factors, such as personality, on executive functions.
In this study it was found that the more perfectionistic the OCD subjects, the faster
their response time on the Stroop task. However, this finding is unclear, as it would

be expected that the correlation would be in the opposite direction, that is, the more
perfectionistic the OCD individual, the slower their response times. Thus, despite

the significant correlation, it can be interpreted that this personality trait does no
appear to have accounted for the impaired performance on the Stroop RT task. The
personality traits of indecisiveness and perfectionism did not correlate with any of
the remaining impaired executive function domains for the OCD subjects. The

findings of this study therefore, appear consistent with the interpretation that defic
in executive functions in OCD subjects are unrelated to personality traits, and may
be attributed to Axis-I pathology rather than personality influences on performance.
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Consistent with previous research (Bolton, Raven, Madronal-Luque, &
Marks, 2000; Cavedini et al., 1998; Thienemann & Koran, 1995; Zielinski et al.,
1991), no correlations were evident between symptomatology (Y-BOCS) and
impaired executive functions in Symptomatic OCD subjects, indicating that they are
independent. It can be argued that if OCD were related to brain dysfunction then
one would expect that symptoms might be correlated with performance on the
neuropsychological measures. For example, the orbitofrontal cortex is implicated in
performance on the Stroop and the Go/Nogo tasks. The orbitofrontal cortex, as

identified in chapter 1.8.2, is a primary region emphasised in current neurobiologic
theories of OCD. Thus, significant correlations between Y-BOCS scores and
performance would strengthen this proposed link. However, it is expected that
symptoms would be related to impaired executive functions if they were reflective
of episode markers. Considering the non-significant correlations between symptoms
and executive function performance in this study, it can be postulated that the
executive function impairments are reflective of trait markers. This will be

discussed in further detail in Study 2 (chapter 5), where the issue of episode versus
trait markers is examined.

Although selective deficits in executive functions are observed in this
research involving inhibition, set shifting and working memory, other functions such
as planning and verbal fluency were not compromised. This raises the question of
why specific domains of executive functions are impaired. One model of executive
function that may be useful in conceptualising the executive function deficits in
OCD, is that proposed by Barkley (1997). Barkley (1997) argues that the regulation
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of inhibition m a y be an underlying primary executive function, and its impairment

leads to secondary deficits in other executive functions. If this model is accurate it
may explain the profile of deficits observed in the OCD subjects of this study. That
is, impaired inhibition may lead to secondary deficits in set shifting and working
memory. Many paradigms, however, that purport to assess inhibition do not
differentiate between impaired inhibition and increased facilitation (which may have
accounted for the aberrant responses on the task). Further research of inhibitory and
facilitatory processes in OCD is required to elucidate whether the performance

profile is the result of one or both of these processes and constitutes Study 4 (chapt
7).

Based on the findings of this study and a review of the literature, an
important question raised, is whether deficient executive functions in OCD are
episode or trait related phenomena. That is, it is unclear whether executive function
deficits in OCD are stable characteristics consistently deviant from normal
functioning even during remission, or whether they are episode dependent reflective
of possible acute psychopathology on cognitive processes. Few studies have
examined the relationship between symptom remittance and neuropsychological
functioning in OCD adults (Bolton et al., 2000; Kahn, Westenberg, & Jolles, 1984;
Thienemann & Koran, 1995), and no study has set out to formally examine whether
executive function deficits in OCD are episode or trait related. Examination of this
pertinent issue will have potential implications for understanding the aetiology and
maintenance of OCD symptoms, relapse, and treatment strategies, and will
constitute Study 2 (chapter 5).
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3.5 Conclusions
It was found that OCD subjects exhibit specific deficits in executive
functions of inhibition, set shifting and working memory, not displayed by the PD
control group. No deficits were found in the domains of planning or verbal fluency,
consistent with previous empirical research.

Despite the finding of impoverished executive functions in OCD, to date it

has not been determined whether these deficits are trait related or episode dependent
The establishment of episode and trait markers in OCD is fundamental in attaining
an understanding of OCD, in order to determine whether deficits remain despite
symptoms remitting, or whether the deficits reflect the direct or indirect effect of
psychopathology on performance. This will constitute the primary aim of the
following study. An overview of the distinction between episode and trait markers
will be provided in chapter 4.
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Chapter 4. Episode and Trait Markers in O C D

4.1 Aims
The aim of this chapter is to discuss episode and trait markers in OCD. This
will be achieved by defining episode and trait markers, discussing the theoretical and

clinical implications of the application of an episode-trait model to this disorder, an
discussing evidence for these markers in OCD.

4.2 Definitions
Despite the longstanding interest in the concepts of 'state' and 'trait' in
psychiatry and psychology, there exists no consensus of what is meant by these
terms. The state-trait distinction was used early in the field of psychology within
personality research to differentiate behaviours that were situation dependent and
hence readily changeable (i.e. state-like), from those that were more stable and
enduring (i.e. trait-like). Drawing on the anxiety literature, Cattell (1966)
demonstrated that variables that fluctuate over time load strongly on state factors,
whilst variables stable over time, even when measured under different conditions,
load more on trait factors. Within the psychopathology literature, however, a more
complex model of state-trait has emerged, which has deviated from this rather
simplistic dichotomous model. For example, within psychology the term state is
often used to refer to brief emotional or mental states that are observed for minutes
or even hours (e.g. exam anxiety, performance anxiety), whereas in
psychopathology, state may be used loosely to refer to deficits which arise during
the symptomatic course of an illness and resolve with symptom remittance, thus
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evident for extended periods of time such as months or year. Therefore, a large
number of terms including state, episode, premorbid, disease, trait and
developmental markers have proliferated and the state-trait terminology does not
adequately account for these distinctions (see Table 4.1).

Table 4.1. Terminology Distinctions for Markers

A
B

C
D

T e r m s used in
the literature
and this thesis
State Marker;
Episode Marker
Premorbid Trait
Marker; Biological
Marker; Disease
Marker; Trait
Marker
Developmental
Marker; Trait
Marker
Disease Marker;
Trait Marker

Premorbid
stage

Symptomatic
stage

Remitted
stage

X

y

X

y

y

y

y

y

X

ADHD

?

y

y

Psychological
arousal in P T S D

Example
Neuroendocrine
disturbances in j
Anorexia
Neuroticism in
anxiety

Note. S = deficit is evident during this period; * = no deficit is evident during this period; ? =
deficit m a y or m a y not be evident during this period; P T S D = Posttraumatic Stress Disorder; A D H D
= Attention Deficit Hyperactivity Disorder. Italicised words refer to terms that will be adopted in this
thesis.

A s demonstrated in Table 4.1, state or episode markers (i.e. A ; Table 4.1) of
a particular disorder refer to variables that exist in the symptomatic stage of the
illness but return to normal during remittance. An example of an episode marker is
evident in Anorexia Nervosa where neuroendocrine changes have been
demonstrated in sufferers, however, these changes reverse with amelioration of the
disorder (Patrick, 2002). Alternatively, a premorbid trait marker or biological
marker (i.e. B; Table 4.1) exists in the premorbid, symptomatic and remitted stages
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of the disorder. For example, it is postulated that neuroticism m a y predispose an
individual to the development of an anxiety disorder, where this personality
characteristic is evident in the premorbid, symptomatic and remitted stages
(Eysenck, 1947). The term premorbid trait marker was introduced in this thesis to
enhance clarity of the terms used.

However, further possibilities exist within this episode-trait model.
Developmental markers (i.e. C; Table 4.1) refer to factors that are identified
premorbidly and during the symptomatic state, but attenuate during remittance. For
example, one view of Attention Deficit Hyperactivity Disorder is that the emotional
and behavioural difficulties demonstrated in these children resolve with symptom
remittance, occurring typically in their mid twenties (Mannuzza & Klein, 2000).

Finally, disease or trait markers (i.e. D; Table 4.1) refer to deficits that are identi
postmorbidly, and may be considered residual or permanent changes consequent to
the disorder. For example, research has demonstrated that traumatic events in
Posttraumatic Stress Disorder can create permanent physiological alterations,
including elevated concentrations of both adrenergic metabolites and lymphocyte
glucocorticoid receptor levels (Schnurr, Friedman, & Bemardy, 2002). Disease or
trait markers are often used to refer to deficits that may be identified after only two
stages of the disease are examined. For instance, if a deficit is present in the
symptomatic and remitted stages, it is often assumed that it will be present during
the premorbid stage. For example, within the schizophrenia research, studies have
reported information processing deficits in individuals that are present during the
acute stage of the illness and remain despite symptomatic improvement (Rund,
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Landro, &

Orbeck, 1997).

It is often assumed that these deficits also exist

premorbidly.

Throughout this thesis, episode markers will be preferred to state markers
(brief periods of time), to refer to underlying abnormalities that are evident during
the symptomatic stage of OCD but not the remitted stage. Trait markers will refer
to abnormalities that are present during both the symptomatic and remitted stages of

the illness. Premorbid trait markers will be used to refer to abnormalities that occur
in the premorbid, symptomatic and remitted stages of OCD.

4.3 Theoretical and Clinical Implications
Determining the factors that are enduring features of vulnerability in
psychopathology and which factors are the results of symptomatology, has far
reaching theoretical and clinical implications.

Theoretically, discriminating between episode and trait markers of OCD will
further provide understanding of underlying mechanisms that mediate symptom
regulation. This would have implications for current theoretical models and
potentially advance the understanding of the interrelatedness of other variables
currently identified in the pathophysiology of the disorder. Identification of these
markers would also help monitor the course of the disorder and its response to
treatment. Identifying trait markers would also have implications for choice of
treatment strategies with individuals diagnosed with OCD (Kraemer, Gullion, Rush,
Frank, &Kupfer, 1994).
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Clinically, determining factors that are considered trait markers m a y identify
'high risk' individuals predisposed to develop the disorder. As a result, prevention
programs can be devised and trialed to either prevent or arrest the development of
symptomatology in vulnerable individuals. There are advantages in being able to
prevent such individuals from being exposed to the personal and social costs
associated with the disorder, including the significant distress and impairment
(Steketee, 1997), poor quality of life (Koran, Thienemann, & Davenport, 1996),
impaired social adjustment (Hollander et al., 1996; Khanna, Rajendra, &
Channabasavanna, 1988b) and impoverished family functioning (Calvocoressi et al.,
1995; Cooper, 1996; Hollander et al, 1996). Episode markers that are identified
would aid in understanding the course of OCD. That is, these markers could be used
to identify individuals retrospectively who have suffered the disorder, and whether
or not they are currently affected. Prevention programs to avoid relapse could then
be implemented.

4.4 Assessment of Episode and Trait Markers in OCD
Little research has been conducted regarding episode and trait markers in
OCD. The available evidence comes from three sources: i) neuroimaging
techniques that examine treatment-related neural changes, ii) research that assesses
cognitive functioning during the onset of OCD, and iii) neuropsychological testing
that studies pre- and post-treatment effects. Each will be reviewed in turn.
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4.4.1 Neuroimaging Evidence F r o m Pre- and Post-treatment Comparisons
Functional brain imaging that is conducted pre- and post-psychological or
pharmacological treatment has attempted to enhance our understanding of episode
and trait markers in OCD. Table 4.2 presents a review of the findings.

Treatment studies suggest that improvement in OCD, resultant from
pharmacotherapy or behavioural interventions, are accompanied by corresponding
decreases in rCBF in certain brain regions including, the orbitofrontal cortex,
caudate nucleus and thalamus. These results have been obtained regardless of the
type of imaging modality (e.g. PET, SPECT or MRI) or the type of treatment (e.g.
pharmacological or behaviour therapy) utilised. Benkelfat et al. (1990), in
particular, reported significant decreases in metabolism in the left caudate nucleus
OCD individuals that responded to treatment, compared to non-responders,
following a 16-week trial of clomipramine. Similarly, Baxter et al. (1992) reported
a decrease from pre- to post-treatment metabolism in the right caudate nucleus in
those that responded to treatment, but not in non-responders. Interestingly, this
effect occurred regardless of whether patients received fluoxetine or behaviour
therapy. Schwartz et al. (1996) also examining the effects of behavioural treatment
on brain metabolism in OCD subjects, replicated these findings. These authors
found decreased glucose metabolism in the caudate nucleus in OCD subjects who
responded to treatment, whilst such changes were not evident in poor responders to
treatment. These results indicate that pharmacological and non-pharmacological
treatments can have significant effects on brain activity believed to mediate OCD.
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Table 4.2. Functional N e u r o i m a g i n g Results f r o m Pre- Versus Post-Treatment
Comparisons
Study
Technique
Benkelfat, Nordahl, PET
Semple & King,
1990
Baxter etal, 1992
PET

Subjects

Treatment

OCD (n=8)

Clomipramine

OCD(n=18)

Fluoxetine or
behaviour
therapy
Clomipramine
or fluoxetine
Fluoxetine,
clomipramine,
and
fluvoxamine
Clomipramine

Swedo etal., 1992

PET

OCD(n=13)

Peranietal., 1995

PET

OCD (n=9)

Rubin, Ananth,
Villanueva-Meyer,
Trajmar, & Mena,
1995

SPECT

OCD(n=10)

Schwartz, Stoessel, PET
Baxter, Martin, &
Phelps, 1996
Saxena etal., 1999
PET

Gilbert et al., 2000

OCD(n=18)

OCD (n=20) Paroxetine

MRI

OCD children Paroxetine
(n=21)
OCD children Cognitive
behavioural
(n=ll)

MRI
Rosenberg,
Benazon, Gilbert,
Sullivan, & Moore,
2000
Hoehn-Saric et al., SPECT
2001

•I blood flow in
orbitofrontal, posterofrontal,
caudate nucleus and dorsal
parietal cortices during
treatment
i glucose metabolism in
caudate nucleus in treatment
responders
i glucose metabolism in
right caudate and right
anterolateral orbitofrontal
cortex in treatment
responders
i in thalamic volume
No significant difference

therapy

OCD(n=16)

Saxena et al., 2002 PET

Hansen,
Hasselbalch, Law,
& Bolwig, 2002

Behaviour
therapy

Post-Treatment Results
for O C D subjects
•i glucose metabolism in
orbitofrontal cortex and left
caudate
•I glucose metabolism in
right caudate nucleus in
treatment responders
I glucose metabolism in the
orbitofrontal cortex
•I glucose metabolism in
thalamus, cingulate cortex,
and putamen-pallidum

Sertraline
desipramine

OCD (n=25) Paroxetine
Depression
(n=25)
Comorbid
OCD/Depress
ion(n=16)
Normals
(n=16)
OCD (n=20) Paroxetine

PET

1

i r C B F in prefrontal regions
in responders to treatment
•I right caudate nucleus,
right ventrolateral prefrontal
cortex, bilateral orbitofrontal
cortex, and thalamus in
O C D alone

•l glucose metabolism in
right caudate nucleus

Note. T indicates elevated levels relative to pre-treatment measures; i indicates decreased levels
relative to pre-treatment measures; P E T = positron emission tomography; SPECT = single photon
emissiontomography;M R I = magnetic resonance imaging.
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Given that there is evidence that O C D is a chronic disorder and that current
treatments do not 'cure' OCD, one interpretation of brain imaging changes
associated with improvement in symptomatology is that they are episode markers,
evident during symptomatic expression of the disorder but ameliorating with
symptom remittance.

Reduction in brain metabolism has been observed in the caudate, anterior
cingulate, orbitofrontal cortex and thalamus, indicating that there are many regions
coinciding with symptom improvement. It is apparent that no one single region is
responsible for the improvement in OCD symptomatology, but that different
components of the neural circuit involved in OCD are likely to be implicated
(Trivedi, 1996). Moreover, changes in regional brain metabolism can reflect many
different types of changes in neuronal biochemistry. Therefore, metabolic activation
patterns must be interpreted carefully in light of the many possible direct and
mediating events. Because fluctuations in OCD symptoms often correspond to

changes in anxiety levels, it is also possible that imaging changes reflect alteratio
in generalised state anxiety rather than specific obsessive-compulsive
symptomatology. Further neuroimaging studies including non-OCD anxiety
disorder controls would help elucidate this issue.

4.4.2 Neuropsychological Functioning During the Early Stages of OCD
The advantages of studying subjects during the onset stage of the illness are
that they avoid potential confounds of illness progression and medication that may
affect neuropsychological performance. However, investigations of cognitive
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functioning during the onset of the disorder are limited (Beers et al., 1999; Behar et
al, 1984; Rosenberg et al, 1997). Behar et al. (1984) reported differences on
measures of visuospatial functioning and problem solving between OCD adolescents
and control subjects. Similarly, Rosenberg et al. (1997) reported deficits on
oculomotor tests of inhibition in non-depressed, psychotropic-naive children and
adolescents. In contrast, however, Beers et al. (1999) found that children diagnosed
with OCD failed to demonstrate any executive function impairments. Thus, the
preliminary data is unclear whether neuropsychological impairments exist early in
the acute stages of OCD and further research is required at this stage.

4.4.3 Neuropsychological Evidence Pre- to Post-treatment
Few studies have examined the relationship between symptom remittance
and neuropsychological functioning in adults with OCD (Bolton et al., 2000; Kahn
et al., 1984; Thienemann & Koran, 1995). Kahn et al. (1984) reported the results of
an open, uncontrolled pilot study assessing the effects of Zimeldine (a selective
serotonin reuptake agent) in six patients with OCD. While cognitive functioning

was found to be impaired in all subjects pre-treatment, at post-treatment (six to eigh
weeks) four of the five subjects that had improved clinically also exhibited
improvements in their cognitive impairments. Interpretation of these findings, is

difficult for several reasons: i) the statistical tests and significance were not repo
ii) the sample size was limited (N = 6), iii) the neuropsychological measures
administered were not reported, and iv) it is unclear whether practice effects
impacted on performance. Thus, it is unclear whether the tests administered were
sensitive to the deficits frequently identified in OCD, such as inhibition.
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In order to assess whether neurological soft signs and neuropsychological
functioning predicted treatment response with pharmacological treatment,
Thienemann and Koran (1995) assessed performance on the Stroop Colour Word
Test, the Controlled Oral Word Association Test, and studied five neurological soft
signs pre- and post-treatment in OCD patients. At pre-treatment only three of the 21
OCD participants were reported to have abnormal verbal fluency scores and only
two had abnormal Stroop interference scores. At post-treatment not only did
baseline abnormalities disappear in treatment responders, but cognitive performance
also improved in non-responders. Thus, it is unclear whether improvement in
cognitive functioning was the result of practice effects, with assessments ranging
between 10 to 12 weeks. Moreover, as only five subjects in this study exhibited
deficits in neuropsychological functioning at baseline, it is unclear whether this
sample was representative of OCD, as previous studies have demonstrated that most
OCD subjects exhibit some deficits in executive functions. Therefore, it is difficult
to determine whether the sample was representative, or whether amelioration of
impairments in cognitive functioning, reflect episode markers or the influence of
factors such as practice effects.

In another treatment outcome study, Bolton et al. (2000) attempted to assess
whether neurological soft signs and neuropsychological abnormalities (WCST and
verbal fluency) in OCD predicted poor response to behavioural treatment. These

authors commented on the 'state-trait' relationship of their findings, however, it was
not directly tested but inferred post hoc. At post-treatment, performance on the

126

W C S T and verbal fluency improved, however, this performance was reported to be
independent of change in symptom severity scores (consistent with Thienemann &
Koran, 1995). One interpretation of these findings is that the improvement in
cognitive functioning is reflective of episode markers. Correlations, however, would
be expected if it were assumed that the impairments were episode markers. Bolton
et al. (2000) commented that factors other than symptom severity, such as practice
effects (assessment intervals 8-12 weeks), might have been linked to the
improvement in performance on these neuropsychological measures.

In summary, it is difficult to determine from the preliminary data that
currently exists whether the neuropsychological deficits observed in OCD are
episode or trait markers. However, given the clearly limited data further research is
required to systematically determine which executive functions are episode or trait
markers in OCD.

4.5 Conclusions
In determimng whether cognitive deficits, in particular executive functions,
play a significant role in the development of OCD, it is important to differentiate
between episode and trait markers. Current neuroimaging evidence suggests that
deficits observed in certain brain regions, including the orbitofrontal cortex, basal
ganglia and thalamus, may be representative of episode markers that reduce with
medication or behaviour therapy. These findings are consistent with the structures

identified in chapter 1, where hyperfrontality is present at rest, in the orbitofronta
cortex, basal ganglia and thalamus, and exacerbated by provocation of OCD

127

symptoms.

Preliminary research of individuals near the onset of O C D reports

neuropsychological deficits, however, not consistently. Few studies have examined
the relationship between symptom remittance and neuropsychological function in
OCD adults. Three studies have reported the amelioration of cognitive impairments
in OCD patients post-treatment, however, methodological difficulties including
small sample size, unrepresentative samples and the possible confounding effects of
practice, render these conclusions tentative.

What has emerged from the review above is the importance of differentiating
between episode and trait deficits in OCD. Determining these factors has theoretical
and clinical implications for the disorder, which relate to aetiology, treatment and
remittance. Study 1 (chapter 3) identified those executive functions deviant in OCD
in comparison to an anxiety disorders control group. Study 2 (chapter 5) will
examine which executive functions are episode markers and which were trait
markers.
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Chapter 5. Executive Function Deficits in O C D - Episode
or Trait Markers?2

5.1 Introduction
It was found in Study 1 (chapter 3) that OCD subjects exhibited deficits in
inhibition, set shifting, and working memory in comparison to an anxiety disorders
control sample of PD subjects. Determining which of these executive functions are
trait markers and which are episode markers has important theoretical and clinical
implications. Determining whether deficits are trait markers will further our

understanding of the psychopathology of the disorder, allow clinicians to identify 'at
risk' persons for OCD, as well as having implications for treatment strategies.
Determining which deficits are episode markers will help monitor the course of
OCD, including fluctuations in response to treatment, and the assessment of overall
response to treatment. This would not only aid clinical decisions but also shed light
on the underlying pathophysiology of the symptomatic episode.

Notably, few studies have examined the relationship between symptom
remittance and neuropsychological functioning in adults with OCD (Bolton et al.,
2000; Kahn et al., 1984; Thienemann & Koran, 1995), and no study has formally
tested whether executive function deficits are episode or trait markers in the
disorder, necessitating the critical need for further research. Hence, the aim of the

this study is to determine whether deficits in executive functions are episode or trai

The results of this chapter have been submitted for publication as: Bannon, S., Croft, R. J.,
Gonsalvez, C. J. & Boyce, P. M . (2002). Are executive function deficits in obsessive-compulsive
disorder state or trait related? Submittedfor publication.
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markers, by assessing differences between Symptomatic versus Remitted O C D
subjects, in comparison to a PD control group. Furthermore, this study will examine
the relationship between clinical and personality characteristics and executive
function performance. The inclusion of the Remitted OCD group is an extension of
Study 1.

5.2 Method
5.2.1 Subjects
In addition to the 40 subjects (20 Symptomatic OCD and 20 PD subjects)
who participated in Study 1 (chapter 3), 20 individuals that had reached remitted
OCD status (Remitted OCD) participated in this study. Study 1 (chapter 3.2.1)
provides a full description of subject selection for PD and Symptomatic OCD
groups.

Remitted OCD subjects were referred by psychiatrists and clinical
psychologists affiliated with Nepean Anxiety Disorders Clinic (Sydney, Australia).
Subjects recruited into the Remitted OCD group needed to meet the following
criteria:
• A previous diagnosis of OCD based on DSM-IV criteria,
• did not currently meet DSM-IV criteria for OCD,
• at the time of testing obtained a total score less than 10 (no symptoms) on the
Y-BOCS, and
• were defined as 'much improved' or 'very much improved' on item 18
(responders to treatment) of the Y-BOCS by their treating clinician.
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Exclusion criteria for Remitted O C D subjects were the same as Study 1
(chapter 3.2.1). Twelve Remitted OCD subjects were medicated at the time of

testing, with 8 taking SSRIs, 1 taking a tricyclic, 1 taking a reversible inhibitor o
monoamine oxidase Type A, and 2 taking benzodiazepines.

5.2.2 Materials and Procedure
For the current study, the tests administered, dependent measures derived,
and the procedural details were identical to Study 1 (chapter 3.2.2 and 3.2.3).

5.2.3 Statistical Analyses
To determine whether the groups differed on demographic, clinical and
personality characteristics, planned contrasts were conducted in separate
MANOVAs. This involved three tests with the dependent variables: i)

demographics (age of onset, age, sex, years of education), ii) clinical characteristic
(Y-BOCS, PI, BDI-II, STAI-S, NART-VIQ) were the dependent variables, and iii)
personality characteristics (perfectionism, conscientiousness, indecisiveness). The
independent variable was group (Remitted OCD vs. PD subjects; Remitted OCD vs.
Symptomatic OCD subjects).

Separate MANOVAs with planned contrasts tested for group differences on
each of the executive function domains of set shifting, inhibition, working memory,
and planning. This involved four tests with the dependent variables: i) the Go/Nogo
(response time to Go stimuli, number of extra responses, percentage of omission and
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commission errors) and Stroop indices (number of errors and response time for
baseline conditions 1 and 2 and the interference condition), ii) the WCST indices

(perseverative errors and categories achieved), iii) the ATDT indices (tone respons

time for the task completed independently and concurrently with the tracking aspect
of the task, number of omission errors for the tone conducted concurrently, and the
average time in error for the tracking task completed independently and
concurrently), and iv) the Tower of London indices (total number of moves in
excess of the minimum and average total pickup time). The independent variable
was group (Remitted OCD vs. PD subjects; Remitted OCD vs. Symptomatic OCD
subjects).

An ANOVA tested for group differences on the executive function domain
of verbal fluency. The dependent variable was the total number of words generated
on the COWA and the independent variable was group (Remitted OCD vs. PD
subjects; Remitted OCD vs. Symptomatic OCD subjects).

As the contrasts were planned and there were no more contrasts than the
effect degrees of freedom, no adjustment of alpha was required (Tabachnick &
Fidell, 1989).

To determine if there are any relations between executive function deficits
and clinical variables, such as symptomatology and significant obsessivecompulsive personality traits for the Remitted OCD group, Pearson's ProductMoment correlation coefficients V were calculated. The variables were any
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measure of impaired executive function (nogo commission errors, Stroop errors,
Stroop RT, perseverative errors, categories achieved, response time to tone task
[performed concurrently], and omission errors for the tone task [performed
concurrently]). The variable for symptomatology was Y-BOCS, and the variable for
personality was perfectionism (i.e. the trait that was found to be significantly
different between the Remitted OCD and PD groups).

In order to identify possible effects of medication on significant group
differences of executive function performance (nogo commission errors, Stroop
errors, Stroop RT, perseverative errors, categories achieved, response time to the
tone task [performed concurrently], and omission errors for the tone task [performed
concurrently]), the Remitted OCD group was divided into medicated (n = 12) and
non-medicated (n = 8) subgroups. Between-group differences were examined using

ANOVA.

All statistical values reported are for two-tailed tests.

5.3 Results
5.3.1 Data Screening
As data for two variables (ATDT - average time in error; Tower of London total excess moves) violated the assumption of normality, they were transformed
using natural logarithmic (nlog) and square root (sqrf), respectively.
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5.3.2 Demographic and Clinical Characteristics
Group data for subject's demographic and clinical characteristics are
presented in Table 5.1.
Table 5.1. Demographic and Clinical Characteristics for Subjects

Characteristics
Female, Male

Age
Hand (right, left)
Medicated
NART-VIQ
Education (years)
Age of onset (years)
Y-BOCS

PI
BDI-II
STAI-S
Conscientiousness
Indecisiveness
Perfectionism

Remitted O C D
M(SD)
13,7

Symptomatic O C D
M (SD)
13,7

Panic Disorder
M(SD)
16,4

31.25(10.79)
19,1

33.90 (10.64)
18,2

38.15 (9.45)
18,2

12

15

16

109.45 (5.41)
12.55 (1.70)
14.55 (3.78)
6.75(1.37)
43.15 (19.98)
13.45 (6.81)
44.70(11.77)
28.55 (6.82)
46.00 (8.96)
89.85(18.08)

108.70(5.40)
12.45 (1.64)
14.40 (3.86)
29.20 (5.89)
100.70 (28.72)
20.65 (14.10)
45.65(12.31)
31.30(6.73)
46.20 (8.02)
92.70 (20.79)

110.90(6.43)
12.35(1.81)
22.90(7.19)
-

24.70
17.05
44.60
30.45
42.10
77.95

(15.48)
(12.53)
(13.37)
(7.44)
(4.29)
(13.02)

Note. N A R T - V I Q = National Adult Reading Test-verbal intelligence quotient; Y - B O C S = Yale
Brown Obsessive Compulsive Scale; PI = P A D U A Inventory; BDI-II = Beck Depression InventoryII; STAI-S = State Trait Anxiety Inventory-State Form; Conscientiousness = NEO-FFI
Conscientiousness subscale; Indecisiveness-Indecisiveness Scale; Perfectionism = Multidimensional
Perfectionism Scale. The dash indicates that the P D subjects were not administered the Y - B O C S .
Data for Symptomatic O C D and P D subjects is the same as that presented in Study 1 (chapter 3).

Remitted O C D subjects exhibited more obsessive-compulsive symptoms, t

(59) = 2.64,/? = 0.01, were more perfectionistic, t (59) = 0.34,/? = 0.04, younger,

(59) = 2.08, /? = 0.04, and had an earlier age of onset, t (59) = 5.09, p < 0.01, th
the PD control subjects. No other differences between the Remitted OCD and PD

subjects were found on the demographic, clinical or personality variables (sex, t (5

= 1.02,/? = 0.31; years of education, t (59) = 0.37,/? = 0.71; BDI-II, t (59) = 0.
= 0.34; STAI-S, t (59) = 0.03, p = 0.98; NART-VIQ, t (59) = 0.45, p = 0.65;

conscientiousness, t (59) = 0.84,/? = 0.41; indecisiveness, t (59) = 1.67,/? = 0.10
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T h e Remitted O C D group exhibited less obsessive-compulsive symptoms
than the Symptomatic OCD group on the Y-BOCS, t (59) = 19.85,/? < 0.01, and the
PI, t (59) = 8.24, p < 0.01. No other differences were found on any of the
demographic, clinical or personality variables between these groups (age, t (59) =
0.80, /? = 0.43; sex, t (59) < 0.01, /? > 0.99; years of education, t (59) = 0.18, /? =
0.86; age of onset, t (59) = 0.09,/? = 0.93; NART-VIQ, t (59) = 0.90,/? = 0.37; BDIII, t (59) = 1.92,/? = 0.06; STAI-S, t (59) = 0.24,/? = 0.81; perfectionism, t (59) =
0.51,/? = 0.61; indecisiveness, t (59) = 0.09,/? = 0.93; and conscientiousness, t (59)
= 0.95,/? = 0.35).

5.3.3 Executive Function Tasks
Table 5.2 presents the group data for the executive function tasks.

Table 5.2. Performance on Executive Function Tasks for the Subjects

Task
Go/Nogo

Stroop
WCST

Measure
R T to G o Stimuli
Omission errors
Commission errors
R T (ms)
Errors
Perseverative Errors
Categories Achieved

Remitted O C D
M(SD)

Symptomatic
OCD
M(SD)

Panic Disorder
M(SD)

574.55 (54.88)
7.20 (9.98)
20.65(11.40)
829.39 (170.60)
8.60(6.81)
20.65 (9.03)
5.20 (2.65)

615.57(60.72)
4.30 (5.48)
8.00 (6.57)
736.25(114.76)
1.80(1.20)
14.10(3.34)
7.60(1.35)

389.64 (107.80) 378.55 (107.78)

384.63 (87.41)

312.90(171.33)
468.35 (106.49)
2.30 (2.03)

324.05 (170.59)
479.25 (105.75)
2.45(1.90)

355.60(134.39)
414.05 (49.13)
1.15(1.42)

301.14(60.08)

466.66(810.17)

300.17(68.05)

10.75(11.31)

10.40 (8.42)

8.20 (6.29)

578.44 (57.73)
5.00 (8.22)
18.10(13.09)
823.68 (130.04)
7.70 (7.30)
19.30(7.15)
5.50 (2.35)

ATDT
Individual taskRT to tone (ms)
Tracking (ms) -Error
Time
Dual task
R T to tone (ms)
Omission errors
Tracking (ms) Average Error Time
Tower of
London
Excess Moves (total)
Pickup Time
(average)
COWA
Total score
Note. R T =
response time; W C S T = W
Task; C O WA = Controlled Oral Word

4.61 (1.82)
4.47 (2.24)
4.18(1.90)
41.25(11.85)
40.05
(8.19)
40.00 (7.69)
;onsin Card Sorting 'est; A T D T = Audit Tracking Dual
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5.3.2.1 Inhibition
On the Go/Nogo task the Remitted OCD group displayed faster response

times to Go stimuli, t (59) = 2.03, p = 0.05, than the PD group. Despite this, there
was no difference between these groups on the number of extra responses, t (59) =

0.77, p = 0.44, or the percentage of omission errors, t (59) = 0.35, p = 0.71. For t
nogo stimuli, the Remitted OCD group made a higher percentage of commission
errors, t (59) = 3.06, p < 0.01, than the PD group. No differences were found
between the Remitted OCD and Symptomatic OCD groups for response times for

Go stimuli, t (59) = 0.21, p = 0.83, percentage of omission errors, t (59) = 0.64, p
0.50, or percentage of commission errors made, t (59) = 0.95, p = 0.35, on the
Go/Nogo task. Hence, as evident in Figure 5.1, the Remitted and Symptomatic
OCD groups exhibited a deficit in the inhibitory portion of the Go/Nogo task. OCD
groups exhibited a deficit in the inhibitory portion of the Go/Nogo task.

Omission

Commission

Figure 5.1. Omission and commission errors for subjects on the Go/Nogo task.
Note. Error bars indicate the standard deviation. Note. Error bars indicate
standard error.
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A s evident from Figure 5.2, there were n o differences between the Remitted
OCD and PD subjects for the number of errors for the baseline conditions of the
Stroop task (Block 1, t (59) = 0.62, p = 0.54; Block 2, t (59) = 0.26, p = 0.80).
However, the Remitted OCD subjects made more errors than the PD controls on the
interference trial of the Stroop task, t (59) = 3.22, p < 0.01, interpreted as difficulties
with inhibition. No differences were found between the Remitted and Symptomatic
OCD groups for the number of errors made on the baseline conditions (Block 1, t
(59) = 0.62, p = 0.57; Block 2, t (59) = 0.05, p = 0.61), or on the interference trial of
the Stroop task, t (59) = 0.49, p = 0.63.

91
8
7

IPD
I Symptomatic O C D
I Remitted O C D

co 6 i
o
*= 5
LU

a

Block 1

Block 2

Interference Block

Figure 5.2. N u m b e r of errors o n the Stroop task for subjects. Note. Error bars
indicate standard error.
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A s shown in Figure 5.3, no differences were found between the Remitted
OCD and PD groups for response time for the baseline conditions (Block 1, t (59) =
0.49, p = 0.63; Block 2, t (59) = 1.18, p = 0.24), however, the Remitted OCD
subjects made more errors than the PD controls, on the interference trial of the
Stroop task, t (59) = 1.97, p = 0.05. No differences were found between the
Remitted and Symptomatic OCD groups on response time for the baseline

conditions (Block 1, t (59) = 0.13, p = 0.90; Block 2, t (59) = 0.11, p = 0.91), or
the interference trial of the Stroop task, t (59) = 0.13, p = 0.90.

PD
Symptomatic O C D
Remitted O C D

Block 1

Block 2

Interference Block

Figure 5.3. Response time on the Stroop task for subjects. Note. Error bars
indicate standard error.
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5.3.2.2 Set Shifting
Remitted OCD subjects made more perseverative errors, t (59) = 2.37, p =
0.02 and achieved fewer categories, t (59) = 3.03, p < 0.01, on the WCST than the
PD subjects (see Figure 5.4). There were no differences found between the
Remitted OCD and Symptomatic OCD subjects for perseverative errors, t (59) =
0.62, p = 0.54, or categories achieved, t (59) = 0.43, p = 0.67.

Perseverative Errors

Categories Achieved

Figure 5.4. N u m b e r of perseverative errors and categories achieved on the
W C S T for subjects. Note. Error bars indicate standard error.

5.3.2.3 Working memory
When performing the tone and tracking tasks independently, there were no
differences between the Remitted OCD and PD groups for response time to tone

task, t (59) = 0.16, p = 0.88, or average time in error on tracking task, t (59) = 0.
p = 0.40. However, when performing these tasks concurrently, necessitating
working memory, the Remitted OCD group made more omission errors on the tone

139

aspect of the task, t (59) = 2.01, p = 0.05, but no significant difference was observed

for response times, t (59) = 1.88, p = 0.07. No difference was found on the tracking
(nlog) aspect of this task, t (59) = 0.09, p = 0.93, between the Remitted OCD and
PD group [see Figure 5.5].

IPD
Isymptomatic O C D
Remitted O C D

550
500
CD

450
CD
CO

&

co
CD

400 350
300

Independent Tone Task

Concurrent Tone Task

Figure 5.5. Response time for the tone task on Auditory Tracking Dual Task,
when performed independently and concurrently by the subjects. Note. Error
bars indicate standard error.

W h e n performing the tone and tracking tasks independently, no differences
were found between the Remitted OCD and Symptomatic OCD groups (response
time to tone task, t (59) = 0.35, p = 0.73; average time in error on tracking task,
(59) = 0.22, p = 0.83). There were also no differences found between the Remitted
and Symptomatic OCD groups on the tone task or the tracking task when performed

concurrently (response time for tone task, t (59) = 0.38, p = 0.71; omission errors

(59) = 2.63, p = 0.79; average time in error on tracking task (nlog), t (59) = 0.03,
= 0.97).
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5.3.2.4 Planning
As evident in Figure 5.6, on the Tower of London task, no differences were
observed on the total number of excess moves (sqrt) between the Remitted OCD
group and the PD group, t (59) = 0.60, p = 0.55, or in the average pick-up time, t
(59) = 0.68, p = 0.50. No differences were found on the total number of excess
moves (sqrt) between the Remitted OCD and Symptomatic OCD groups, t (59) =
0.17, p = 0.86 or in the average pickup time, t (59) = 0.45, p = 0.65, indicating
comparable planning ability.

PD
Symptomatic O C D
Remitted O C D

Figure 5.6. N u m b e r of excess moves on the Tower of London for subjects.
Note. Error bars indicate standard error.

5.3.2.5 Verbal Fluency
No differences in verbal fluency were found between the Remitted OCD
group and the PD group, t (59) = 0.44, p = 0.68, or between the Remitted OCD and
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Symptomatic O C D groups, t (59) = 0.02, p = 0.99, with subjects generating
comparable numbers of words, falling within the 'normal' classification range on
COWA (see Figure 5.7).

50 i

PD
Symptomatic O C D
Remitted O C D

Figure 5.7. N u m b e r of words achieved (adjusted for age, sex and education) on
the Controlled Oral W o r d Association Test for subjects. Note. Error bars
indicate standard error.

5.3.4 Relationship Between Performance and Clinical Variables
The more severe the Remitted OCD subjects (based on the Y-BOCS), the
greater the number of Stroop errors, r (18) = 0.59, p = 0.01. The Remitted OCD
subject's scores on the Y-BOCS did not correlate with any of the remaining
executive function indices (Stroop RT, r (18) = -0.11, p = 0.66; percentage of

commission errors made, r (18) = 0.37, p = 0.11; perseverative errors, r (18) = 0

p = 0.71; categories achieved, r (18) = -0.34, p = 0.15; response time to tone ta

[performed concurrently], r (18) = -0.17, p = 0.47; omission errors for tone task
[performed concurrently], r (18) = -0.12, p = 0.61).
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T o determine the influence of obsessive-compulsive symptomatology on
performance, a multivariate analysis of covariance was conducted. It was found that
the increase in errors on the Stroop task by the Remitted OCD subjects, in
comparison to the PD subjects, remained after symptomatology was accounted for, t
(59) = 2.50, /? = 0.02. There continued to be no significant difference in the
Remitted OCD and Symptomatic OCD groups when covarying for symptomatology
for the number of Stroop errors made, t (59) = 0.18,/? = 0.86.

The more perfectionistic the Remitted OCD individual, the higher the
percentage of commission errors on the Go/Nogo task, r (18) = 0.46,/? = 0.04. No
other correlations were evident between the personality measure of perfectionism
and the impaired executive functions for Remitted OCD subjects (Stroop errors, r
(18) = 0.03, /? = 0.90; Stroop RT, r (18) = 0.12, /? = 0.62; WCST perseverative

errors, r (18) = 0.18,/? = 0.44; and categories achieved on the WCST, r (18) = -0.28,
/? = 0.24; response time to tone task [performed concurrently], r (18) = -0.19, /? =

0.43, and omission errors for tone task [performed concurrently], r (18) = -0.11, /? =
0.64).

To determine the influence of perfectionism on performance, a multivariate
analysis of covariance was also conducted. It was found that the higher percentage
of commission errors by the Remitted OCD subjects remained after accounting for
perfectionism, t (59) = 2.50,/? = 0.02.
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5.3.5 Effects of Medication on Performance
Within the Remitted OCD group, no differences were found between the
medicated and non-medicated subgroups on any of the significant executive function
measures (nogo commission errors, F (1, 18) = 0.67,/? = 0.42; Stroop errors, F (1,
18) = 0.02, p = 0.89; Stroop RT, F (1, 18) < 0.01, p = 0.96; perseverative errors, F

(1, 18) = 0.01,/? = 0.92; categories achieved, F (1, 18) = 0.33, /? = 0.57; response
time for tone task [performed concurrently], F (1, 18) = 1.69, p = 0.21; omission
errors for tone task [performed concurrently], F (1, 18) = 0.98, p = 0.34).

5.4 Discussion
The aim of the present study was to determine which executive functions
were episode versus trait markers in OCD. Consistent with research indicating
executive function deficits in Symptomatic OCD subjects, this study found that
Remitted OCD subjects also displayed deficits in inhibition, set shifting and working
memory not exhibited by an anxiety disorders control group. Furthermore,
Symptomatic OCD and Remitted OCD groups showed these deficits equally, which
is consistent with the interpretation that the impairments are trait markers. In

particular, these results indicate that despite symptomatology improving and patients
remitting, executive function performance deficits in OCD do not change.

As this study represents the first investigation to formally assess executive
functions according to an episode-trait model in OCD, it is difficult to compare the
results with previous research. However, studies which have assessed cognitive
functioning pre- and post-treatment allow for some comparison (Bolton et al., 2000;
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Kahn et al., 1984; Thienemann & Koran, 1995). A s discussed in section 4.4.3, the
studies by Bolton et al. (2000), Kahn et al. (1984), and Thienemann and Koran
(1995), demonstrating improved cognitive functioning with symptom remittance,
would appear to indicate that the neuropsychological deficits observed in OCD may

be episode related. In contrast to this interpretation, the findings of the current stu
are interpreted as being consistent with trait-related deficits, as both the
Symptomatic OCD and Remitted OCD groups evidenced the executive function
deficits. However, some of the findings of previous research are difficult to
interpret, as it is unclear whether practice effects accounted for the improved
performance by OCD subjects or whether the samples were representative of OCD.

Determining trait markers of OCD has theoretical implications for the
disorder. As discussed in chapter 2.3.4, executive functions are believed to be
mediated by the orbitofrontal cortex, basal ganglia, and thalamus. Several
neurobiological theories of OCD have suggested deficits in these structures, and the

fronto-striatal circuits that connect these regions (Baxter, 1992; Baxter et al., 1990;
Insel, 1988; Rapoport & Wise, 1988). Theoretically, the findings of this study are
consistent with this research emphasising the involvement of the prefrontal cortex,
subcortical structures and the interconnections between these regions.

It is unclear from this study whether the executive function deficits are
premorbid trait markers, as this study only allowed for the assessment of executive
functions during the symptomatic and remitted stages of the disorder. However,
clinically, these findings encourage the assessment of 'high-risk' individuals
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predisposed to the development of O C D . This will enable clinicians to determine
whether executive function impairments exist premorbidly, as well as implementing
treatment programs to prevent or arrest the development of symptoms.

This study found that the more severe the Remitted OCD subjects, the more
Stroop errors they made. This finding would appear to indicate that
symptomatology and executive function performance on a measure of inhibition are
related. However, this finding is unclear as Study 1 (chapter 3) found that the
Symptomatic OCD group's performance on this measure did not correlate with
symptoms. Despite this, the Remitted OCD subjects continued to make more Stroop
errors once accounting for symptomatology.

As identified previously (chapter 2.3.3), perfectionism, indecisiveness and
conscientiousness are traits frequently associated with OCD (Frost & Shows, 1993;
Gayton et al., 1994; Veale, 1993). As suggested in chapter 2.3.3, there is a pressing
need for the assessment of potential effects of non-neurological factors in OCD such
as personality, on executive functions. For example, it could be assumed the more
perfectionistic an individual, the less task errors they make and the more delayed
their response times on the Stroop task. However, the present study found that the
more perfectionistic the Remitted OCD subject the greater the percent of
commission errors on the Go/Nogo task. Despite this, the statistically significant

finding of inhibition did not dissipate when this effects were partialled out. It can
therefore, be suggested that perfectionism does not appear related to the observed
impaired executive functions in OCD subjects. There were no significant
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differences between the Remitted O C D subjects and P D subjects on the trait of
indecisiveness and conscientiousness (hence correlational analysis was not
conducted for these measures) further suggesting that personality did not appear
related to executive function deficits.

Executive function performance deficits were not affected by medications
administered to OCD subjects. This finding is consistent with those of Study 1, as
well as previous literature (Golombok et al., 1990; Mataix-Cols et al., 2002a; Purcell
et al., 1998a; Savage et al., 2000), indicating that common medications used to treat
OCD do not alter performance on executive function tests. However, given the
small sample size of the medication groups, these findings are considered
preliminary and future research is required that specifically assesses the impact of
medication on executive functioning.

One potential limitation of this study relates to the experimental design.
Both Study 1 and Study 2 utilised a cross-sectional design, with OCD subjects both
symptomatic and remitted participating in differing groups. However, a longitudinal
design, where individuals participate in all conditions, has several advantages in
assessing whether deficits are episode or trait markers. The advantages of this
design include greater sensitivity to group differences, the ability to measure
temporal changes, and the ability to determine impairments that may not be evident
in a cross-sectional design. Hence, Study 3 (chapter 6) re-tested Symptomatic OCD
subjects once their symptoms remitted, in order to assess executive function deficits
though the developmental course of the disorder.

147

5.5 Conclusions
This study specifically assessed whether executive function deficits in OCD
are episode or trait markers. It was found that both Symptomatic OCD and Remitted
OCD groups displayed inhibition, set shifting and working memory deficits,
consistent with the interpretation that these deficits are trait markers. Thus,
impairments in inhibition, set shifting and working memory were stable
characteristics found to be consistently deviant from normal levels even during
symptom remission. These deficits did not appear to be accounted for by
personality traits such as perfectionism, indecisiveness and conscientiousness, or
medication.

Study 1 and Study 2 were based on a cross-sectional design, yet the
assessment of the executive function deficits through the developmental course of
the disorder has several advantages. The next study (Study 3) therefore, assessed
executive functions through the course of the disorder by re-testing OCD subjects
(participants in Study 1) once their symptoms remitted.
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5.6 Research Conducted Since the Completion of this Study
Since the completion of this study, Kim, Park, Shin and Kwon (2002)
published research investigating changes in neuropsychological functions over a
four-month period in patients with OCD. OCD subjects were re-assessed on a
battery of neuropsychological measures following pharmacological treatment. At
pre-treatment, OCD subjects were reported to be impaired on immediate and

delayed recall of the Rey-Osterrieth Complex Figure Test, on the letter and category
version of the COWA, and the Trail Making Test, Part A. These authors reported
that despite improvements in performance evidenced by OCD subjects at posttreatment, they remained significantly impaired in comparison to the control
subjects. Specifically, impaired performance remained on the Rey-Osterrieth
Complex Figure Test and the COWA where they displayed fewer words in
comparison to the controls.

However, there are some inconsistencies between the findings demonstrated
in the study by Kim et al. (2002) and those demonstrated in this thesis. Kim et al.
found no pre-treatment impairment in OCD subjects on the WCST, but reported
deficits on the COWA. In contrast, more perseverative errors were demonstrated on
the WCST, whilst no impairments were observed on the COWA in Studies 1

(chapter 3) and 2 (chapter 5) of this thesis. However, Kim et al. argue that their l
of significant findings on the WCST was the result of the subject's controlled
education level and IQ.

149

Overall, K i m et al. interpreted their findings asreflectingimpairment in the
prefrontal-striatal system related to the pathophysiology of OCD. Consistent with
the results of this thesis, specific cognitive impairments were demonstrated to persist
after four months of treatment and despite improvement in obsessive-compulsive
symptoms. The results are consistent with the interpretation that the deficits are
stable trait-like features of OCD.
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Chapter 6. Stability of Executive Function Deficits in
OCD: Data From a Longitudinal Follow-up Study

6.1 Introduction
In Study 1 (chapter 3) it was demonstrated that OCD subjects displayed
deficits in executive functions of inhibition, set shifting and working memory in
comparison to a clinical control sample of PD subjects. In Study 2 (chapter 5) a
cross-sectional design was used to demonstrate that these deficits were stable
characteristics consistently deviant from normal levels even during symptom
remission. However, in assessing episode and trait markers in a psychiatric
condition there are advantages of conducting a longitudinal design, including a
greater sensitivity in finding group differences and the ability to measure change in
the variables over time. Hence, this study re-assessed a sub-sample of OCD subjects
(participants in Study 1) once they reached remitted status, in order to assess
executive function deficits across the developmental course of OCD.

Studying the longitudinal course of cognitive deficits in OCD will enable
researchers to measure change in these variables over time. It will allow them to
determine when the deficits began, whether any further decline after illness onset
occurs, and if so to assess the course of these deficits. A longitudinal design has
greater control over participant differences than a cross-sectional design, and is
hence, more sensitive to finding differences between the groups. As important
subject variables are held constant, error variability due to subject differences is
minimized (Cozby, 1997). Such advantages are especially pertinent in psychiatric
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conditions where variability between clinical characteristics, such as family,
developmental, and clinical histories (i.e. symptom onset, course, prognosis and

treatment), renders it difficult to match individuals between groups as required in a
cross-sectional design. In relation to OCD, the assessment of cognitive functioning
over the developmental course of the disorder also provides a method of assessing
the progressive nature of these deficits.

Within the OCD literature, longitudinal studies have mostly been conducted

to assess symptom stability within the disorder (Flament et al, 1990; Mataix-Cols et
al., 2002b; Peterson, Pine, Cohen, & Brook, 2001; Rettew, Swedo, Leonard, Lenane,
& Rapoport, 1992; Skoog 8c Skoog, 1999; Swedo, Rapoport, Leonard, Lenane, &
Cheslow, 1989; Thomsen & Mikkelsen, 1995). The findings of these studies have
provided further understanding of the conceptualisation of the disorder. That is,
assessment of the temporal course of OCD symptoms has indicated that symptom
structures, such as sexual, religious and hoarding obsessions remain stable across
time, whereas others, such as aggressive and contamination obsessions, are more
likely to fluctuate (Mataix-Cols et al., 2002). Thus, an advantage of conducting a
longitudinal design is it allows researchers to monitor changes over time, which are
not uniform for all individuals and may not be apparent in a cross-sectional design.

As argued in chapter 4, no study using a longitudinal design has formally
examined whether executive function deficits in OCD are episode or trait markers.
The few treatment outcome studies that have assessed OCD patient's pre- and posttreatment on neuropsychological measures (Bolton et al., 2000; Kahn et al., 1984;
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Thienemann & Koran, 1995) have examined performance over a short period of
time (six to 12 weeks) and some of these studies appear to suffer methodological
limitations, such as whether the samples are representative of OCD and whether the

results are reflective of practice or learning effects. Given the limited data regard
whether executive function deficits in OCD are episode or trait markers, further
analyses is required to systematically examine this issue, utilising a longitudinal
design.

Study 2 (chapter 5), using a cross-sectional design found no differences in
executive function deficits in Symptomatic OCD subjects compared to Remitted
OCD subjects. Given the advantages of conducting a longitudinal design, the
primary aim of this study is to follow-up participants in Study 1 who are
symptomatic and re-test them once their symptoms remitted.

6.2 Method
6.2.1 Subjects
The 20 subjects recruited into the Symptomatic OCD group in Study 1
(chapter 3) were followed-up, and those that met remitted status were retested. The
mean time between testing was 1.40 years (SD = 0.52). Inclusion criteria for
remitted status was: i) DSM-IV diagnostic criteria for OCD was no longer met, ii) a
total score less than 10 (no symptoms) on the Y-BOCS was obtained, and iii) they
were defined as 'much improved' or 'very much improved' on item 18 of the YBOCS by their treating clinician.
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O f the 10 subjects, 2 were treated with medication only, 1 received cognitive

behavioural therapy only and 7 received a combination of medication and cognitive
behavioural therapy treatments. Nine subjects were medicated when symptomatic,
however, when remitted 7 were medicated. Table 6.1 reports the medication
prescribed to OCD subjects when symptomatic and remitted.

Table 6.1. Medication Prescribed to O C D Subjects W h e n Symptomatic and
Remitted

Medication
SSRI
Tricyclic
RIMA
Benzodiazepine
Non-medicated

Symptomatic

Remitted

N
6
1
1
1
1

N
6
1
0
0
3

Note. SSRI = Selective Serotonin Reuptake Inhibitor; R I M A = Reversible Inhibitor of Monoamine
Oxidase Type A.

6.2.2 Materials and Procedure
Full methodological and procedural details are provided in Study 1 (chapter
3).

Written informed consent was again obtained from each subject following

description of the study. The self-report questionnaires (BDI-II and PI) were sen
each subject again for completion prior to the procedure. The Y-BOCS was

completed for subjects by their treating clinician at the time of testing. Subjec
completed the STAI-S before they were administered the executive function tasks.
All tests administered whilst subjects were symptomatic were re-administered

during the remitted stage. Five subjects were administered the executive function
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measures in the following order: the W C S T , followed by the Go/Nogo, C O W A ,
ATDT, Tower of London and Stroop task. The remainder of subjects were
administered the tasks in reverse order to control for fatigue effects.

The study was approved by Wentworth Area Health Service and the
University of Wollongong ethics' committees.

As the aim of this study was not to conduct an evaluation of treatment
efficacy, but to examine executive function deficits, the variation in length of
treatment received or type of treatment (i.e. cognitive behaviour therapy or
psychopharmacology) was not of primary consideration and will therefore not be
discussed.

6.2.3 Statistical Analyses
Repeated measures Mests examined differences between symptomatic and
remitted OCD status for clinical characteristics. The dependent variables were YBOCS, PI, BDI-II, and STAI-S.

Repeated measures Mests tested for differences between symptomatic and

remitted status on each of the executive function domains of inhibition, set shifting
working memory, planning, and verbal fluency. This involved five tests with the
dependent variables: i) the Go/Nogo (response time to Go stimuli, percentage of
omission and commission errors), and Stroop task indices (number of errors and

response time for baseline conditions 1 and 2 and the interference condition), ii) the
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W C S T indices (perseverative errors and categories achieved), iii) the A T D T indices
(tone response time for the task completed independently and concurrently with the
tracking aspect of the task, number of omission errors for the tone conducted
concurrently, and the average time in error for the tracking task completed
independently and concurrently), iv) the Tower of London indices (total number of
moves in excess of the minimum and average total pickup time), and v) the COWA
index (total number of words generated).

All statistical values reported are for two-tailed tests.

6.3 Results
6.3.1 Demographic and Clinical Characteristics
Group data for subjects' demographic and clinical characteristics are
presented in Table 6.2.

Table 6.2. Demographic and Clinical Characteristics for Subjects

Characteristics
Female, Male
Age
Hand (right, left)
Medicated
Y-BOCS
PI
BDI-II
STAI-S

Remitted
M(SD)

Symptomatic
M(SD)
5,5

5,5

32.00(11.06)
8,2
9
27.20 (5.98)
88.70(18.20)
17.50(11.74)
49.30 (10.00)

33.40 (10.74)
8,2
7
8.40(1.51)
53.80 (20.02)
13.90(8.45)
47.20 (12.13)

Note. Y - B O C S = Yale-Brown Obsessive-Compulsive Scale; PI = P A D U A Inventory; BDI-II = Beck
Depression Inventory-II; STAI-S = State Trait Anxiety Inventory-State Form.
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It was found that when symptomatic, O C D

subjects displayed more

obsessive-compulsive symptoms than when they were remitted (Y-BOCS, t (9) =

11.52, p < 0.01; PI, t (9) = 7.25,/? < 0.01; see Figure 6.1). As measured by the BD

II, despite a decrease in the severity of depression once OCD subjects remitted, th
change did not reach significance, t (9) = 1.54, p = 0.16. As measured by the STAIS, OCD subjects were moderately anxious when performing the executive function
measures that did not differ for symptomatic status, t (9) = 1.58, p = 0.15.

Symptomatic
Remission

Y-BOCS

Figure 6.1. Changes in the total score on the Y - B O C S and PI for the O C D
subjects. Y - B O C S = Yale-Brown Obsessive-Compulsive Scale; PI = P A D U A
Inventory. Note. Error bars indicate standard error.

6.3.2 Executive Function Tasks
Table 6.3 presents subject's group data for performance on each executive
function task.
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Table 6.3. Performance on Executive Function Tasks for Subjects

Task
Go/Nogo

Stroop

WCST

Measure
R T (ms) to G o Stimuli
Omission errors
Commission errors
R T (ms)
Errors
Perseverative Errors
Categories Achieved

Symptomatic
M(SD)
564.50 (65.45)
2.10(1.52)
21.60(12.06)
810.89 (162.22)
10.00 (7.53)
18.80(8.01)
6.10 (2.77)

Remitted

M(SD)
589.13 (45.97)
2.40(1.65)
20.40(10.17)
777.13 (136.85)
10.10(4.70)
17.70 (5.91)
6.10(1.85)

ATDT
334.93 (60.86)
384.98 (124.95)
R T to tone (ms)
253.54 (70.39)
243.25(118.46)
Tracking (ms) - Average
Error Time
457.90 (96.26)
462.78 (86.95)
R T to tone (ms)
Dual task
2.30(1.42)
3.20 (2.25)
Omission errors
231.94(80.24)
233.72 (105.10)
Tracking (ms) - Average
Error Time
8.90 (6.98)
12.10 (9.64)
Excess Moves (total)
Tower of London
3.72(1.76)
3.59(1.69)
Pickup Time (average)
39.70 (9.32)
37.80 (6.86)
Total
score
COWA
Note. R T = ResponseTime; W C S T = Wisconsin Card Sorting Test; A T D T = Auditory Tracking Dual

Individual task

Task; C O W A = Controlled Oral Word Fluency.

6.3.2.1 Inhibition
As illustrated in Figure 6.2, there was no change in performance when OCD
subjects were symptomatic and remitted, on response time for Go stimuli, t (9) =

1.58,/? = 0.15, percentage of omission errors, t (9) = 1.00,/? = 0.34, or percen
commission errors, t (9) = 0.59,/? = 0.57, on the Go/Nogo task.
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Figure 6.2. N u m b e r of omission and commission errors on the Go/Nogo task
for O C D subjects. Note. Error bars indicate standard error.

N o differences were found w h e n the O C D subjects were symptomatic and
remitted, for the number of errors on the baseline conditions (Block 1, t (9) < 0.01, p
> 0.99; Block 2, t (9) = 0.69, p = 0.51), or for the interference trial of the Stroop
task, t (9) = 0.04, p = 0.97 (see Figure 6.3).

Symptomatic
Remission
2
UJ
O

6

Block 1

Block 2

Interference
Condition

Figure 6.3. N u m b e r of errors on the Stroop task for O C D subjects. Note.
Error bars indicate standard error.
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In addition, no differences in performance were found when O C D subjects
were symptomatic and remitted on response time for the baseline conditions (Block
1, t (9) = 1.33, p = 0.22; Block 2, t (9) = 0.71, p = 0.49), or the interference trial of
the Stroop task, t (9) = 0.48, p = 0.64 (see Figure 6.4).
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Block 1
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Figure 6.4. Response time on the Stroop task for O C D subjects. Note. Error
bars indicate standard error.

6.3.2.2 Set Shifting
N o differences in perseverative errors, t (9) = 1.04, p = 0.33, or categories
achieved, t (9) < 0.01, p > 0.99, were found on the W C S T when O C D subjects were
symptomatic or remitted (see Figure 6.5).
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Figure 6.5. Performance on the Wisconsin Card Sorting Test for O C D
subjects. Note. Error bars indicate standard error.

6.3.2.3 Working M e m o r y
When performing the tone and tracking tasks independently on the ATDT,
there were no differences between OCD subjects when symptomatic or remitted
(response time to tone task, t (9) = 1.09, p = 0.31; total time in error on tracking
task, t (9) = 0.25, p = 0.81). Again no differences were observed when subjects
were symptomatic or remitted, on the tone task and tracking task when performed
concurrently (response time for tone task, t (9) = 0.11, p = 0.92; omission errors on

the tone task, t (9) = 1.04, p = 0.32; total time in error on tracking task, t (9) = 0.
p = 0.97). Figure 6.6 graphs performance on this working memory task.
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Figure 6.6. Performance on the combined aspect of the Auditory Tracking
Dual Task for O C D subjects. Note. Error bars indicate standard error.

6.3.2.4 Planning
There were no differences in the number of excess moves on the Tower of
London by OCD subjects when they were symptomatic or remitted, t (9) = 1.54, p =
0.16 (see Figure 6.7), or in the average pickup time, / (9) = 0.14, p = 0.89.

I Symptomatic
Remission

Figure 6.7. N u m b e r of excess moves on the Tower of London for O C D
subjects. Note. Error bars indicate standard error.
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6.3.2.5 Verbal Fluency
On verbal fluency, no differences were identified in the number of words
generated by OCD subjects when symptomatic and remitted, with subjects

continuing to perform in the 'normal' classification range, t (9) = 1.31, p = 0.22 (see
Figure 6.8).

Figure 6.8. Total score (adjusted for age, sex and years of eduction) on the
Controlled Oral W o r d Association. Note. Error bars indicate standard error.

6.4 Discussion
This study evaluated the stability of executive function deficits exhibited by
OCD subjects over a longitudinal course, from symptomatic to the remitted stages of
the illness. Whilst symptomatic, OCD subjects suffered deficits in inhibition, set
shifting and working memory, in comparison to an anxiety disorders control group.
The present study found that, these deficits were stable characteristics that did not
change with symptom remittance within the same individual. Performance in Study
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1 (chapter 3) by the O C D group on the executive function domains of planning and
verbal fluency was found to be comparable with the performance of the anxiety
disorders control group. At follow-up, performance on these measures remained
unchanged. Results suggest that firstly, not all executive functions are impaired in
OCD individuals, and secondly, over the course of the disorder executive function

deficits and non-deficits remain stable and do not deteriorate with the duration of th
illness or improve with symptom remittance. Despite the limited sample size,
combined with the results from Study 2 (chapter 5) these may be interpreted as
evidence that some executive function deficits are trait rather than episode markers
in OCD.

Few studies have examined the relationship between symptom remittance
and neuropsychological functioning in OCD adults. In studies designed to assess
the effects of treatment (Bolton et al., 2000; Kahn et al., 1984; Thienemann &
Koran, 1995) improvements in patients post-treatment were reported, in some
domains of cognitive function. However, one potential confounding factor within a
longitudinal design includes practice effects. That is, the interval between the
conditions needs to be long enough to minimise the influence of administration of
the first condition on the second (Cozby, 1997). The time intervals for these
reported studies, ranging between six to 12 weeks, do not rule out the possible

effects of practice. In contrast, the mean time interval in the current study was 1.40
years (SD = 0.52). This would be considered sufficient time to reduce possible
practice effects on performance. Whilst the findings of this study are considered
preliminary due to the small sample size, the indications are that deficits in
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executive functions are stable characteristics that do not improve over the course of
the disorder.

Statistical analyses between these subgroups were not conducted to identify
possible effects of medication on executive function performance, due to the small
sample sizes of medicated versus non-medicated individuals. However, as
medication status remained relatively invariable for OCD subjects from
symptomatic to remitted stages of the illness, it is unlikely that this factor was
responsible for the findings.

It could be argued that no differences were found in subjects between the
symptomatic and remitted stages of the disorder as a result of the small sample size.
Increasing the sample size would increase power and therefore the chance of
obtaining a significant result if it were present. However, even despite the limited
sample size, significant findings were observed within the group for clinical
symptomatology (i.e. changes in Y-BOCS and PI scores). Examination of subject
means on the executive function measures also showed comparable performance.
Thus, it is unlikely that sample size accounted for the executive function
performance profile.

Examination of executive function deficits over a longitudinal course is
relevant given the chronic nature of OCD. This study, however, was unable to
determine whether executive function deficits existed prior to onset of the illness
(i.e. whether they are premorbid trait markers [see chapter 4.2]). Future research is
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warranted that examines this issue in O C D , in order to clarify the course of the
executive function deficits. If it is determined that the specific executive function
deficits predate illness onset the benefits include the possibility of reliably
identifying at-risk individuals. Furthermore, this would allow for the development
of prevention programmes that address the specific impaired executive functions and
the examination of the efficacy of these strategies in arresting the development of
obsessive-compulsive symptoms.

Consistent with Study 1 (chapter 3) and Study 2 (chapter 5), the findings of
this study appear consistent with neurobiological theories of OCD, which suggest
dysfunction in the orbitofrontal cortex, basal ganglia, and anterior cingulate. As
noted in chapter 2.3.4, lesion and neuroimaging studies demonstrate that these
regions subserve the executive functions, suggesting that deficits in the specific
functions may indicate a deficit in the specific neuroanatomical region or
corticostriatal circuit.

It appears, however, that the findings of executive function deficits are
inconsistent with the 'serotonin hypothesis'. As reported in chapter 1.8.1, this
hypothesis suggests an underlying deficit in serotonin as a contributing factor to the
aetiology of OCD. Studies 1, 2 and 3 have demonstrated deficits in both medicated
and non-medicated patients, and in patients who presumably suffer problems with
serotonin (Symptomatic OCD) and those who do not (Remitted OCD). Thus, one
interpretation of the findings so far is that they imply that serotonin is not the only
mechanism responsible for OCD.
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A s discussed in chapter 3.4, dysfunctional inhibition m a y be an underlying
primary executive function in OCD, leading to secondary deficits of executive
functions such as set shifting and working memory. Many paradigms, however, that
purport to assess inhibition do not differentiate between impaired inhibition and
increased facilitation. Further research of inhibitory and facilitatory processes in
OCD is required to elucidate whether the observed performance profile is the result
of one or both processes. This constitutes Study 4 (chapter 7).

6.5 Conclusions
In conclusion, the present study assessed the stability of executive function
deficits in OCD across the course of the disorder, whilst subjects were both
symptomatic and subsequently remitted. The findings support Study 2 (chapter 5)
findings that deficits exhibited by OCD subjects in inhibition, set shifting and
working memory are trait rather than episode markers.
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Chapter 7. Inhibition and Facilitation Abnormalities in

OCD

7.1 Introduction
As argued in chapter 2, impaired executive functions have been reported in
OCD. However, a clear picture of the deficits is yet to be established with many
contradictory reports and a lack of consistent findings. A deficit in inhibition has
been more consistently observed finding in the executive functions literature. One
information processing model (Barkley, 1997) suggests that dysfunctional inhibition
leads to secondary impairments in other executive functions such as working
memory and planning. However, inhibitory processes in the past have been difficult
to interpret as studies have used experimental paradigms, such as the Stroop and
Go/Nogo tasks, which often confound constructs of inhibition and facilitation. In
order to conceptualise aberrant responses on an inhibition task, it is important to
assess whether these are the result of reduced inhibition of a non-target or the greater
facilitation of a re-occurring response. Accordingly, this study assessed inhibition
and facilitation to determine whether OCD subjects exhibit impairment in either or
both processes.

The ability to respond to target stimuli and to successfully ignore competing
stimuli is an important feature of human information processing and requires both
facilitation and inhibition. For example, one's ability to inhibit attention from
returning to a particular stimulus once it is no longer goal directed is required for
coherent functioning, so too is the facilitation of attention from one location to
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another (Lupianez, Milliken, Solano, Weaver, 8c Tipper, 2001). Inhibition refers to

one's ability to suppress irrelevant or interfering stimuli (Garavan et al., 1999), an
may be indexed by an efficiency cost (i.e. delay in response time) associated with

responding to a previously inhibited stimulus. Facilitation refers to the process that
enables an individual to respond expediently to a target response, and may be
indexed by a response time advantage (i.e. faster response time) to stimuli that are
'primed' or repetitive (Maruff, Yucel, Danckert, Smart, & Currie, 1999). Priming is
defined as "the influence of prior presentation of a stimulus on later processing of
that stimulus" (Amir & Kozak, 2002, p. 167).

Various models have attempted to explain inhibitory and facilitatory
processes (Harnishfeger, 1995; Hasher & Zacks, 1988; Houghton & Tipper, 1994;
Logan & Cowan, 1984; Maylor, 1985; Posner, Rafal, Choate, & Vaughn, 1985),
with some authors (Houghton & Tipper, 1994; Posner & Cohen, 1984) arguing these
components are independent of one another, whilst others (Maylor, 1985) postulate
that components reflect differing aspects of the same process. A useful model for
conceptualising inhibitory and facilitatory mechanisms in OCD (and one that will be
used in this thesis) is proposed by Houghton and Tipper (1994).

7.1.1 Model of Inhibition and Facilitation
In the model proposed by Houghton and Tipper, it is argued that selective

attention involves an excitatory feedback loop activated by target stimuli, as well as
an inhibitory feedback loop activated by distractor stimuli. As depicted in Figure
7.1, the target and distractor stimulus achieve a high level of activation when they
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interact with 'perceptual inputs' (i.e. the to-be-attended-to item). W h e n the inputs

match the target description, a facilitatory feedback loop is initiated and the stimul
activation level is further increased. However, when the distractor stimulus does not
match the input it is then inhibited. The reduction in the activation level of the
distractor stimulus causes an 'inhibitory rebound' where the stimulus becomes

suppressed below background levels of activation. It takes time for this inhibition to

dissipate, hence, if there is a reactivation of the distractor during this period it i
assumed that the response time will be delayed (Houghton & Tipper, 1996).
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Figure 7.1. Facilitatory and inhibitory components of Houghton and Tipper's
(1994) model. From Houghton and Tipper (1994).
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According to this model, facilitation is demonstrated on a task w h e n
response times are enhanced in response to a primed stimulus. Inhibition is
demonstrated on a task when response times are slowed when a non-target
previously ignored is then re-presented as the target. This model is supported
empirically, particularly by studies that have used a negative priming task (see
chapter 2.3.2.1 for a description of this task). Negative priming refers to the
phenomena whereby response times are slowed when subjects have to respond to a
target that was previously considered a distractor. Thus, according to Houghton and
Tipper's model, if the degree of negative priming is an indication of the strength of
inhibition, then less negative priming is indicative of weaker inhibitory processes.
In relation to OCD, reduced negative priming has been demonstrated (see section
2.3.2.1, (Enright & Beech, 1990; Enright & Beech, 1993a; Enright & Beech, 1993b).

7.1.2 Inhibition and Facilitation in OCD
It is argued in chapter 2 that OCD subjects exhibit inhibitory deficits.
However, much of the empirical OCD literature has examined inhibitory processes,
but to a lesser extent facilitatory processes. Furthermore, many experimental
measures purporting to assess inhibition do not allow for the separation of response
characteristics into those that are facilitatory and inhibitory. Hence, delineating
exactly what aberrant task responses reflect is difficult to determine.

In one of the few studies which attempted to tease apart these processes
Harston and Swerdlow (1999) utilised a visuospatial priming task. In this task
response time was facilitated (i.e. faster) or inhibited (i.e. slower), depending on the

171

location of the priming cue. T h e authors reported that O C D subjects displayed
excessive amounts of facilitation. Consistent with this, it was demonstrated in Study
1 (chapter 3) and Study 2 (chapter 5) of this thesis that OCD subjects displayed
faster response times to Go stimuli on the Go/Nogo task, in comparison to the PD
clinical control group. In accordance with Hartston and Swerdlow (1999), these
findings are suggestive of excessive facilitatory effects. Clinically, Hartston and
Swerdlow suggested that facilitation problems in OCD prevent old or irrelevant
information from being discarded from consciousness, and that such an
'abnormality' results in a continuous focus of attention on stimuli already
experienced. This facilitation abnormality may contribute uniquely to the
maintenance of OCD symptoms. For example, once OCD subjects engage in a
ritual, such as handwashing, they may maintain attention on this previously
experienced compulsive act. Thus, one interpretation is that excessive facilitation in
OCD patients indicates difficulties discarding these conscious thoughts.

The objectives of this study were to assess inhibition and facilitation in OCD
and to determine whether the impairments were episode or trait markers of the
disorder. To help elucidate this issue, this study compared Symptomatic OCD and
Remitted OCD subjects to an anxiety disorders control group (i.e. PD) and normal
control subjects on a facilitation and inhibition task that was devised. The task used
neutral words from a constructed list. Consistent with Study 1 (chapter 3), it was
hypothesised that OCD subjects would exhibit impaired inhibition. That is, they
would demonstrate faster response times to stimuli that were a non-target on the
preceding trial. As there is limited data available on whether OCD subjects exhibit
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facilitation disturbances, no firm hypothesis was m a d e in this respect. It was thus
assumed that if OCD subjects exhibit greater facilitation they would display faster
response times for primed stimuli (i.e. stimulus that was also the target on the
preceding trial). This study also examined the relationship between personality
characteristics and the processes of facilitation and inhibition. A brief pilot study
was conducted initially for several reasons: to trial the experimental paradigms and
assess the ease of administration, and to determine the parameters of the experiment
such as choice of stimuli, task duration, and the inter-stimulus intervals.

7.2 Method
7.2.1 Subjects
Seventy-one subjects participated in this study. Subjects were 20
Symptomatic OCD, 11 Remitted OCD, 20 PD, and 20 normal control subjects.
Symptomatic OCD, Remitted OCD and PD subjects were referred by psychiatrists
and clinical psychologists affiliated with the Nepean Anxiety Disorders Clinic
(Sydney, Australia). Inclusion and exclusion criteria for sample selection were the
same as Study 1 (chapter 3). Symptomatic OCD subjects were matched with normal
control subjects according to sex and age (± 2 years). Normal control subjects were
recruited from the general population.

Forty subjects were medicated at the time of testing (15 PD; 17 Symptomatic
OCD; 8 Remitted OCD). Of these 40 subjects, 13 PD, 15 Symptomatic OCD and 8
Remitted OCD patients were taking SSRIs; 2 Symptomatic OCD subjects were
taking tricyclics; and 2 PD subjects were taking benzodiazepines.
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7.2.2 Materials
7.2.2.1 Questionnaires
The questionnaires administered were the same as those for Study 1 and
Study 2. These were the Y-BOCS, PI, BDI-II, STAI-S, Indecisiveness Scale
(indecisiveness), Multidimensional Perfectionism Scale (perfectionism), and the
NEO-FFI (conscientiousness). A discussion of the psychometric properties for these
tasks is provided in Study 1 (chapter 3).

7.2.2.2 Word List
In order to determine the words to be used in the facilitation and inhibition
tasks, all subjects rated words on a predetermined word list (see Appendix A). The
word list consisted of neutral words (used in the current study) and personally
threatening words (used in Study 5 [chapter 8]). Personally threatening words were
those considered general-threat (e.g. harm, tumour), panic-threat (e.g. faint, dizzy)
and OCD-threat (e.g. germs, blood). These words were selected from lists used in
studies by Foa, Ilai, McCarthy and Shoyer (1993) and McNally, Amir, Louro and
Lukach (1994) and did not differ in word length or frequency (McNally et al., 1994).
Subjects were instructed to rate each word on a 7-point Likert Scale, ranging from 1
(extremely pleasant) to 7 (extremely unpleasant) according to how pleasant they
found each word.

The list consisted of 31 words and was completed by each subject
approximately one week prior to the experimental procedure. Three words rated as
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neutral by each subject were nominated as neutral words A , B and C used in the
neutral condition for the facilitation and inhibition tasks described below.

7.2.2.3 Cognitive Measures
7.2.2.3.1 Facilitation Task
Each trial in the facilitation task consisted of three events including a
warning event (a cross) followed by two successive words occurring at differing
temporal positions (Time 1 and Time 2), as depicted in Figure 7.2. Subjects were

instructed, "...to press the space bar with your index finger as quickly as possible,
every time [neutral word Aj appears on the screen". There were 80 trials in the
facilitation task plus eight practice trials. Words were presented in uppercase bold
lettering, and all stimuli were presented on a computer screen. Subjects were seated
approximately 50cm from the computer and the lettering was 2cm in height.

Trial Events
Cross

Time 1

Time 2

RT

RT

(100ms)

(100ms)

I 1 r
500ms

1000ms

1500ms

Figure 7.2. Schematic of the experimental design showing a timeline of the
events occurring in the facilitation and inhibition tasks. R T = Response time.

175

The protocol for the facilitation task is presented in Table 7.1. O n e of two
words was presented at both Time 1 and Time 2, giving rise to four possible series
types and three response time measures (RT1, RT2 and RT3). Table 7.2 describes

the RT measures that were generated from the facilitation task. The four series type
occurred in random sequence predetermined by a computerised random program and
maintained uniformly for all subjects. A computer program controlled the
administration and sequencing of events. The dependent measures for analyses were
response times for the target stimuli.

Table 7.1. W o r d Presentation Protocol for the Facilitation Task

Series Type

1
2
3
4

Wordl
Instruction: Respond to
neutral word A
Neutral word A (RT1)
Neutral word A (RT1)
Neutral word C
Neutral word C

Word 2
Instruction: Respond to
neutral word A
Neutral word A (RT2)
Neutral word B
Neutral word A (RT3)
Neutral word B

Note. R T = response time.

Table 7.2. R T Measures Generated from the Facilitation Task

RT
RT1
RT2

RT3

RT3-RT2

W h a t the R T measures
Baseline measure of R T w h e n
stimuli presented at Time 1
Measure of R T w h e n target word
at Time 2 is immediately
preceded by the same target at
Time 1, representing facilitation
effects
Baseline measure of R T w h e n the
target in Time 2 follows a nontarget
Represents the facilitation
differential (Fac_5). i.e. the
degree to which a subject's
performance benefits from a
preceding occurrence of the target

Note. R T = response time.

Facilitation hypothesis for
O C D subjects
N o difference between subjects
forRT

N o difference between subjects
forRT
Larger differences for O C D vs.
control subjects
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7.2.2.3.2 Inhibition Task
The time sequence for the presentation of stimuli was the same as that
presented in Figure 7.2, where each trial consisted of three events including

warning event (a cross) followed by two successive words occurring at differin

temporal positions (Time 1 and Time 2). Subjects were instructed, "...to press

space bar as quickly as possible with your index finger if the first word to a
after the cross is [neutral word A] or if the second word to appear after the

[neutral word B]". There were 120 trials in the inhibition task plus 12 practi

Table 7.3 details the word presentation protocol for the inhibition task. One

of three words were presented at Time 1 and one of two words at Time 2, giving

to six possible series types and four response time measures (RT4, RT5, RT6 an

RT7). Table 7.4 presents each RT generated from the inhibition task and descri

what each RT measures. The six series types occurred in random sequence, again

predetermined by a computerised program. The dependent measures for the analys
were response times for the target stimuli.

Table 7.3. W o r d Presentation Protocol for the Inhibition Task

Series
type

1
2
3
4
5
6

Wordl
Instruction: Respond to neutral
word A
Neutral word A (RT4)
Neutral word A (RT4)
Neutral word B
Neutral word B
Neutral word C
Neutral word C

Note. R T = response time.

Word 2
Instruction: Respond to neutral
wordB
Neutral word A
Neutral word B (RT5)
Neutral word A
Neutral word B (RT6)
Neutral word A
Neutral word B (RT7)
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Table 7.4. R T Measures Generated from the Inhibition Task

RT
RT4
RT5

RT6

RT7
RT7-RT6

W h a t the R T measures
Baseline measure of R T when
stimuli presented at Time 1
Measure of R T when target word
at Time 2 is immediately
preceded by a different target at
Time 1
Measure of R T following
inhibition (when the non-target
which was ignored at Time 1
becomes the target at Time 2)
Baseline measure of R T for the
target at Time 2
Represents the inhibition
differential (Inh_8). i.e. the cost
in performance of a preceding
occurrence of the target

Inhibition hypothesis for
O C D subjects
N o difference between subjects
forRT

R T 6 > R T 7 for all subjects

N o difference between subjects

forRT
O C D will exhibit smaller
differences in R T than control
subjects

Note. R T = response time.

7.2.3 Procedure
Written informed consent was obtained from each subject before
commencement of the procedure. As part of routine clinical care, the clinical
interview and CIDI-Auto were completed. The treating clinician, for the purpose of
the study, completed the Y-BOCS for the clinical subjects. At least one week prior
to the completion of the cognitive tasks, each subject completed the word list.

Subjects were interviewed and completed the STAI-S questionnaire to assess
for subject differences in state anxiety. The cognitive tasks were subsequently
administered on a laptop computer. In order to control for fatigue effects, half the
subjects completed the facilitation task followed by the inhibition task, and the
remainder completed the inhibition task followed by the facilitation task. Following
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administration of the cognitive tasks the self-report questionnaires and the N A R T - 2
were completed. Completion of the tasks took approximately 60 minutes. Subjects
were given a break of approximately 5-minutes.

Subjects initially completed the inhibition and facilitation tasks for neutral
words followed by personally threatening words. For the purpose of clarity, the
results of the neutral condition are presented below. The results of the threat

condition, which involves additional theoretical and clinical issues, are presented in
the following chapter.

The study was approved by Wentworth Area Health Service and the
University of Wollongong ethics' committees.

7.2.4 Statistical Analyses
To determine whether the groups differed on demographic, clinical and
personality characteristics, planned contrasts (Symptomatic OCD vs. normal
controls; Symptomatic OCD vs. PD; Symptomatic OCD vs. Remitted OCD) were
conducted within separate MANOVAs. This involved three tests with the dependent

variables: i) demographics (age, sex, handedness, and years of education), ii) clinical
characteristics (Y-BOCS, PI, BDI-II, STAI-S, and NART-VIQ), and iii) personality
(perfectionism, conscientiousness, and indecisiveness). The independent variable
was group status (Symptomatic OCD vs. normal controls; Symptomatic OCD vs.
PD; Symptomatic OCD vs. Remitted OCD).
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T o ensure there was no basic speed of processing differences between the
groups, two ANOVAs with planned contrasts were conducted, where the dependent

variables were the non-facilitation aspect of the facilitation task (i.e. RT3) and t

non-inhibition aspect of the inhibition task (i.e. RT7). The independent variable wa
group status (Symptomatic OCD vs. normal controls; Symptomatic OCD vs. PD;
Symptomatic OCD vs. Remitted OCD).

To determine whether OCD subjects exhibited facilitation deficits in
comparison to normal control and PD groups, repeated measures mixed design
contrasts were conducted, where the within-subjects variable was facilitation (RT2
and RT3) and the between-subjects variable was group status (Symptomatic OCD
vs. normal controls; Symptomatic OCD vs. PD; Symptomatic OCD vs. Remitted
OCD). To determine if any facilitation group differences were independent of
inhibition, planned contrasts were conducted using a measure of inhibition as a
covariate (Inh_8). Mean square error was used as per Kirk (1982) for each contrast.

To assess whether OCD subjects exhibited inhibition deficits in comparison
to the normal control and PD groups, repeated measures mixed design contrasts
were conducted, where the within-subjects variable was inhibition (RT6 and RT7)
and the between-subjects variable was group status (Symptomatic OCD vs. normal
controls; Symptomatic OCD vs. PD; Symptomatic OCD vs. Remitted OCD). Again
to ensure that any inhibition group differences were independent of facilitation,
planned contrasts were conducted using a measure of facilitation as a covariate
(Fac_5). For each contrast, mean square error was used as per Kirk (1982).
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A s the contrasts were planned and there were no more contrasts than the
effect degrees of freedom, no adjustments of alpha were required (Tabachnick &
Fidell, 1989).

To determine if there were any relations between the cognitive measures and
clinical variables such as symptomatology and obsessive-compulsive personality
traits for the combined OCD group (Symptomatic OCD and Remitted OCD groups),
Pearson's Product-Moment correlation coefficients V were calculated. The
variables for the cognitive measures were facilitation (Fac_8) and inhibition (Inh_5).
The variable for symptomatology was the Y-BOCS, and the variables for personality

were perfectionism and indecisiveness (i.e. traits that were found to be significantly
different between the Symptomatic OCD and PD and normal control groups). To

determine if there was any relationship between facilitation and inhibition, Pearson's
Product-Moment correlation coefficients V was calculated for the combined OCD
group. The variables were facilitation (Fac_8) and inhibition (Inh_8).

In order to identify possible effects of medication on facilitation or
inhibition, the combined OCD group was divided into medicated (n = 25) and nonmedicated (n = 6) subgroups. Between-group differences were examined using t
tests. The dependent variables were facilitation (Fac_5) and inhibition (Inh_S).

All statistical values reported are for two-tailed tests.
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7.3 Pilot Study
As discussed in 7.1, some experimental paradigms confound inhibitory and
facilitatory processes, thus rendering it difficult to determine whether impaired
performance is a reflection of deficits in either or both processes. Accordingly, two
experimental paradigms, as described above, were devised for use in this thesis,
which attempted to separately assess the processes of inhibition and facilitation.
However, prior to the study commencing a brief pilot study was conducted. The

objectives of the pilot study were to: i) trial the tasks to ensure ease of administrati
of the word list and the experimental paradigms, and ii) to determine the parameters
of the experiment including, choice of stimuli for the word list, task duration of the
facilitation and inhibition paradigms, and the inter-stimulus interval for the
inhibition task.

7.3.1 Method of Pilot Study
7.3.1.1 Subjects
Five normal control subjects participated in the pilot study. Subjects were 2
males and 3 females (mean age = 40.60 years; SD = 14.10 years) and were drawn
from the general population.

Exclusion criteria for subjects were a history of neurological disorder, head
injury, psychotic or substance abuse disorder, mental retardation or psychiatric
disorder.
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7.3.1.2 Materials for Pilot Study
7.3.1.2.1 Pilot Word List
The list consisted of neutral and personally threatening words. Subjects were
instructed to rate each word on a 7-point Likert Scale, ranging from 1 (extremely
pleasant) to 7 (extremely unpleasant) according to how pleasant they found each
word. The pilot list consisted of 35 words. The stimuli used for the facilitation and
inhibition tasks were standardised across subjects and were words rated as having
neutral valence on the pilot word list.

7.3.1.2.2 Pilot Facilitation Task
The facilitation task was identical to the experimental task described
previously (see 7.2.2.3.1), with the inter-stimulus interval set at 1000ms.

7.3.1.2.3 Pilot Inhibition Task
The inhibition pilot task consisted of 160 trials, plus 12-practice trials. The
stimuli were presented in random order with inter-stimulus intervals of 1000ms,
1200ms and 1500ms to determine which interval provided the greater effect of
inhibition. The pilot inhibition task was otherwise the same as that described above
(see 7.2.2.3.2).

7.3.1.3 Procedure for Pilot Study
Subjects were interviewed to ensure they did not meet any of the exclusion
criteria. Informed consent was obtained before they participated in this study.
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Subjects completed the word list before they were administered the cognitive tasks
using neutral words.

7.3.1.4 Statistical Analyses for Pilot Study
To assess the facilitation effect, the means and standard deviations were
examined. To examine the effect of inhibition for the inter-stimulus intervals of
1000ms, 1250ms and 1500ms, the means and standard deviations were also
examined.

7.3.2 Pilot Results
Words that were rated differently to expectation are presented in Table 7.5.
'Fruit' was considered a neutral word, but was rated by one subject as having
positive valence. Similarly, it was expected that the words 'numbers', 'iron' and
'faint' would elicit neutral ratings, however, two subjects rated these as having
'slightly unpleasant' valence.

Table 7.5. W o r d s R e m o v e d from the Pilot W o r d List, and the Corresponding
Rating by N o r m a l Subjects

Words
Fruit
Numbers
Iron
Faint

Rating
Pleasant
Slightly Unpleasant
Slightly Unpleasant
Slightly Unpleasant

Note. Ratings correspond to the 7-point Likert Scale, ranging from 1 (extremely pleasant) to 7
(extremely unpleasant).

Group data for performance on the facilitation and inhibition tasks are
presented in Table 7.6 and 7.7, respectively.
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Table 7.6. M e a n s and Standard Deviations for the Pilot Facilitation Task
Measure
RT2
RT3
RT3-RT2

M(SD)
456.34 (59.90)
505.53 (67.87)
49.19(37.07)

Note. Results are presented in milliseconds

Examination of the means and standard deviations for the facilitation task
appear to demonstrate an effect of facilitation on this task for the normal control
subjects, where the response time for RT2 is faster than the response time for RT3.

Table 7.7. M e a n s and Standard Deviations for the Inter-stimulus Intervals on
the Pilot Inhibition Task

Measure
RT6
RT7
RT7-RT6

1000ms
M (SD)
593.93 (84.77)
537.99 (94.66)
-55.94 (42.33)

Inter-stimulus Intervals
1250ms
M (SD)
567.57(110.66)
544.50 (96.60)
-23.07 (57.05)

1500ms
M (SD)

530.86(71.62)
544.41 (49.98)
13.55 (39.98)

Note. Results are presented in milliseconds

Examination of the means and standard deviations for the inhibition task
appeared to demonstrate a greater effect of inhibition for an inter-stimulus interval
of 1000ms.

7.3.3 Pilot Conclusions
Based on the results of the pilot study, four words were removed from the
word list. These were the words, 'fruit', 'numbers', 'iron' and 'faint'. An effect of
facilitation appeared to be exhibited on the facilitation task. Hence, no changes were
made to the task. Based on an examination of the means, the inter-stimulus interval
of 1000ms appeared to represent the best effect of inhibition. Consequently, the
inter-stimulus interval was set at 1000ms for this task.
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7.4 Results
7.4.1 Demographic and Clinical Characteristics
Group data for the subjects' demographic and clinical characteristics are
presented in Table 7.8.

Table 7.8. Demographic and Clinical Characteristics for Subjects

Characteristics
Female, Male

Age
Handedness
(Right,Left,
Ambidextrous)
Medicated
NART-VIQ
Years of Education
Age of onset (years)
Y-BOCS

PI
BDI-II
STAI-S
Conscientiousness
Indecisiveness
Perfectionism

Normal
Controls
M(SD)

Disorder
M(SD)

12,8
34.30(11.27)
18,2,0

17,3
35.85 (8.68)
19,1,0

36.45 (9.52)
10,1,0

12,8
34.10(11.52)
16,3,1

-

16

8

17

108.75(7.51)
13.95 (2.89)

107.60 (6.56)
12.65 (2.32)
23.90 (5.67)
00.00
21.35(9.70)
18.25(13.18)
42.85 (8.49)
28.45(7.11)
44.25 (9.25)
76.50(15.61)

109.18(6.01)
13.45 (2.46)
14.27 (3.26)
7.73(1.56)
54.00 (14.82)
12.82(6.13)
37.27(8.11)
28.09 (7.27)
45.73 (4.96)
86.18(13.99)

109.35(6.18)
13.70 (2.60)
15.00 (4.41)
26.85 (4.42)
112.90(23.17)
18.58(9.63)
45.10(10.16)
29.00 (8.56)
49.16 (8.67)
93.75 (15.00)

-

00.00
22.20 (10.61)
3.60 (3.08)
39.90 (12.70)
33.65 (6.75)
35.05 (10.01)
67.50 (15.92)

Panic

Remitted

OCD
M(SD)
7,4

Symptomatic
OCD
M(SD)

Note. N A R T - V I Q = National Adult Reading Test-verbal intelligence quotient; Y - B O C S = Yale
Brown Obsessive Compulsive Scale; PI = P A D U A Inventory; BDI-II = Beck Depression Inventory II; STAI-S = State Trait Anxiety Inventory-State Form; Conscientiousness = NEO-FFI
Conscientiousness Subscale; Indecisiveness = The Indecisiveness Scale; Perfectionism =
Multidimensional Perfectionism Scale. The dash indicates the age of onset and the number
medicated, were not applicable to the normal control subjects.

A s expected, the Symptomatic O C D group displayed a greater number of
obsessive-compulsive (Y-BOCS, t (39) = 35.70, p < 0.01; PI, t (39) = 17.96, p <
0.01) and depressive symptoms, t (39) = 5.11, p < 0.01, were more perfectionistic,

(39) = 5.62,/? < 0.01, and indecisive, t (39) = 4.95, p < 0.01 than the normal con
group. No other group differences were exhibited on any of the clinical or
demographic variables (age, t (39) = 0.20, p = 0.85; sex, t (39) = 0.21, p = 0.83;
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handedness, t (39) = 1.35, p = 0.18; N A R T - V I Q , t (39) = 0.21, p = 0.83; years of
education, t (39) = 0.07, p = 0.95; STAI-S, t (39) = 0.82, p = 0.42;
conscientiousness, t (39) = 1.95,/? = 0.06).

As expected, the Symptomatic OCD group displayed a greater number of
obsessive-compulsive symptoms (Y-BOCS, t (39) = 35.70, p < 0.01; PI, t (39) =
18.13, p < 0.01) and were more perfectionistic, t (39) = 3.77, /? < 0.01 than the PD
control subjects. No other differences were exhibited on any of the clinical or
demographic variables between the Symptomatic OCD group and PD group (age, t

(39) = 0.27,/? = 0.79; sex, t (39) = 1.46,/? = 0.15; handedness, t (39) = 1.76,/

0.08; NART-VIQ, t (39) = 0.75,/? = 0.46; BDI-II t (39) = 0.11,/? = 0.91; years of
education, t (39) = 1.51, p = 0.14; STAI-S, t (39) = 0.29, p = 0.78;

conscientiousness, t (39) = 0.23,/? = 0.82; indecisiveness, t (39) = 1.72,p = 0.09)

The Symptomatic OCD group displayed a greater number of obsessivecompulsive symptoms (Y-BOCS, t (30) = 21.39, /? < 0.01; PI, t (30) = 9.84, p <
0.01) than the Remitted OCD subjects. No other differences were observed between
the Symptomatic and Remitted OCD groups (age, t (30) = 0.39, p = 0.70; sex, t (30)

= 0.03,/? = 0.98; handedness, t (30) = 1.22,/? = 0.23; NART-VIQ, t (30) = 0.01,/
0.99; years of education, t (30) = 0.45, p = 0.65; age of onset, t (30) = 0.09, p =

0.93; BDI-II, t (30) = 1.66,/? = 0.10; STAI-S, t (30) = 1.22,/? = 0.23; perfection

t (30) = 1.51,/? = 0.14; conscientiousness, t (30) = 0.32,/? = 0.75; indecisivene
(30) =1.02,/? = 0.31).

187

7.4.2 Speed of Processing
There was no difference between the groups for the speed of processing
within the facilitation task (RT3: Symptomatic OCD vs. normal controls, t (39) =
0.24,/? = 0.81; Symptomatic OCD vs. PD, t (39) = 0.13,/? = 0.90; Symptomatic
OCD vs. Remitted OCD, t (30) = 0.11,/? = 0.91).

Also, no difference was observed between the groups for speed of processing
within the inhibition task (RT7: Symptomatic OCD vs. normal controls, t (39) =
0.52,/? = 0.61; Symptomatic OCD vs. PD, t (39) = 0.14,/? = 0.89; Symptomatic
OCD vs. Remitted OCD, t (30) = 0.08,/? = 0.93).

7.4.3 Facilitation
Group data for the facilitation task are detailed in Table 7.9 and plotted in
Figure 7.3.

Table 7.9. Response Times for Neutral W o r d s on the Facilitation Task for
Subjects

Measure
RTl
RT2
RT3
Fac

Normal
Controls
M(SD)

Panic
Disorder
M(SD)

Remitted
OCD
M(SD)

438.54 (56.28)
441.06(62.59)
454.51 (72.66)
13.44(43.76)

433.94(42.89)
441.64(43.74)
452.57 (48.29)
10.92 (28.07)

427.77 (47.78)
403.55 (38.33)
448.28 (38.64)
44.73 (19.77)

Symptomatic
OCD
M(SD)
430.03 (57.15)
406.48 (48.13)
450.46 (40.19)
43.98 (29.53)

Note. Results are presented in milliseconds. Fac_8 = R T 3 - R T 2 .

A s hypothesised, the Symptomatic O C D group displayed greater facilitation

than normal control, t (67) = 2.95,/? < 0.01, and PD groups, t (61) = 3.19,/? < 0
There was no difference between Symptomatic and Remitted OCD groups, t (61) =

188

0.06, p = 0.95. This pattern of results was also not affected by covarying for
inhibition (Symptomatic OCD vs. normal controls, t (66) = 3.24, p < 0.01;
Symptomatic OCD vs. PD, t (66) = 3.50, p < 0.01; Symptomatic OCD vs. Remitted
OCD, t (66) = 0.04, p = 0.97).
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Figure 7.3. Response times for the facilitation task for subjects.

7.4.4 Inhibition
Group data for the inhibition task are detailed in Table 7.10 and plotted in
Figure 7.4.
Table 7.10. Response Times for Neutral Words on the Inhibition Task for
Subjects
Normal
Controls

Measure

RT4
RT5
RT6
RT7
Inh 5

Panic
Disorder
M(SD)
M(SD)
535.84 (83.58) 530.15(62.61)
461.63(91.37) 442.73 (75.92)
553.85 (78.64) 548.18(69.98)
487.60 (86.79) 478.49 (70.22)
-66.25(43.41) -69.69 (55.02)

Remitted

OCD
M(SD)
532.45 (74.03)
532.55 (89.30)
496.58 (70.83)
472.75(76.91)
-23.83 (32.89)

Note. Results are presented in milliseconds. Inh_8 = R T 7 - RT6.

Symptomatic
OCD
M(SD)
526.77(71.54)
528.66(71.48)
495.98 (72.77)
475.14(68.14)
-20.84 (35.93)
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A s hypothesised, Symptomatic O C D subjects displayed less inhibition than
the normal control, t (67) = 3.28, p < 0.01, and PD groups, t (67) = 3.53, p< 0.01.
There were no differences between Symptomatic OCD and Remitted OCD groups

for inhibition, t (67) = 0.18, p = 0.86. This pattern of results was not affected by
facilitation (Symptomatic OCD vs. normal controls, t (66) = 3.54, p < 0.01;
Symptomatic OCD vs. PD, t (66) = 3.80, p < 0.01; Symptomatic OCD vs. Remitted
OCD, t (66) = 0.18,/? = 0.86).
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Figure 7.4. Response times for the inhibition task for subjects. R T = response
time

7.4.5 Relationship Between Performance and Clinical Variables
The scores on the Y-BOCS for the combined OCD group did not correlate
with the facilitation index for neutral words, r (29) = -0.08, p = 0.69, or the
inhibition index for neutral words, r (29) = 0.10, p = 0.59.
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The significant personality traits that were assessed did not correlate with

facilitation (perfectionism, r (29) = -0.04,/? = 0.85; indecisiveness, r (28) = -0.01,/
= 0.96), or inhibition (perfectionism, r (29) = 0.16,/? = 0.39; indecisiveness, r (28)
0.30,/? = 0.11) for the combined OCD group.

The correlation between inhibition and facilitation for the combined OCD

subjects was not significant, r (29) = -0.29, p = 0.11, indicating these processes were
independent of each other.

7.4.6 Effects of Medication on Performance
Within the combined OCD group, no differences were found between the
medicated and non-medicated subgroups on the facilitation and inhibition measures
for the neutral condition (Fac_5, t (30) = 0.05, /? = 0.96; Inh_6, t (30) = 1.36, p =
0.18).

7.5 Discussion
This study examined whether OCD subjects exhibit greater facilitation,
reduced inhibition, or both, and it was the first to assess whether these processes
were episode or trait markers in OCD. This study demonstrated that OCD subjects
exhibit both greater facilitation of a primed response and reduced inhibition of a
non-target, in comparison to normal control and PD subjects, which was not the
result of a general processing deficit. Furthermore, there were no differences in
performance between the Symptomatic OCD and Remitted OCD groups. These
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findings are consistent with the interpretation that the anomalies are stable trait-like
characteristics of OCD.

In accordance with predictions, OCD subjects displayed less inhibition than
both the control groups. This was evident in the faster response times to stimuli that
was the distractor on the preceding trial, whilst the normal control and anxiety
disorders control groups displayed slower response times to these stimuli.
According to the inhibitory model proposed by Houghton and Tipper (1994), the
inhibitory deficits manifested by OCD subjects were suggestive of smaller inhibitory
rebound effects, associated with the suppression of responses to non-target stimuli.
Furthermore, it is suggested in this model that once a target stimulus is responded to

a greater level of activation is achieved leading to greater facilitation. In this study
OCD subjects exhibited faster response times than control subjects to primed
stimuli, indicating excessive facilitation. These findings are consistent with those of
Hartston and Swerdlow (1999), as well as performance on the Go/Nogo task in
Study 1 (chapter 3) and Study 2 (chapter 5), where OCD subjects demonstrated
faster response times to Go stimuli indicating greater facilitation.

This study determined that OCD subjects did not display a general speed of
processing abnormality. That is, OCD, PD and normal control subjects were
comparable in their response times to baseline stimuli. This finding is consistent
with the interpretation that OCD subjects exhibit specific anomalies in inhibition and
facilitation, which cannot be accounted for by a general speed of processing
abnormality.
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The inhibition results in this study are consistent with previous literature also
demonstrating that OCD subjects exhibit deficient inhibition (Bannon, Gonsalvez,
Croft, & Boyce, 2002; Enright & Beech, 1990; Enright & Beech, 1993a; Enright &
Beech, 1993b; Hartston & Swerdlow, 1999; Martinot et al., 1990; Rosenberg et al.,
1997; Tien et al., 1992). Moreover, the findings of this study extend and clarify the
results from previous literature by demonstrating the facilitation and inhibition
abnormalities were not affected by personality traits, were independent processes
and unrelated to symptomatology.

Consistent with the findings of executive function deficits earlier in this
thesis, no differences were found for facilitation or inhibition between the
Symptomatic OCD and Remitted OCD groups. These results suggest that despite
symptomatology improving and patients remitting, greater facilitation and reduced
inhibition remain. These findings may be interpreted as reflective of trait rather than
episode-related deficits. However, one could argue that the null hypothesis was not
rejected because of the small sample size of the Remitted OCD group. Consistent
with a trait hypothesis this study did not find a relationship between
symptomatology and facilitation or inhibition for the combined OCD subjects,
which may be interpreted, as performance abnormalities were considered
independent of symptoms.

Statistically, this study did not find any evidence that medication in OCD
persons accounted for facilitation or inhibition abnormalities. This is consistent with
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previous research (Golombok et al., 1990; Mataix-Cols et al, 2002; Purcell et al.,
1998a; Savage et al., 2000) and the findings of Studies 1 and 2 in this thesis. It is
important, however, to acknowledge that the small cell numbers in the nonmedicated group (n = 6) may have reduced the likelihood of meaningful differences
being identified. More reliable conclusions regarding medication effects require
further research involving larger sample sizes.

The findings indicate that OCD subjects exhibit anomalies in both
facilitation and inhibition. Potentially, these findings have implications for
understanding the contributing factors to the onset and maintenance of OCD. In
particular, based on neutral stimuli, the results can be interpreted as OCD subjects
are affected by two concurrent abnormalities. The first relates to an inhibitory
deficit that affects obsessional phenomena in so far as it interferes with the
suppression of intrusive thoughts, images or impulses that these individuals
experience. The second relates to excessive facilitation of a primed response and
effects compulsive behaviours. Thus, if OCD individuals engage in ritualisation,
whether overtly or covertly, the response is associated with a greater level of
activation making its repetition all the more likely. It is argued that the combination
of these two abnormalities are likely to maintain attention on particular stimuli (e.g.
intrusive thoughts), and if attention has not shifted OCD individuals are more likely
to respond faster to the stimuli as it is primed. Thus, as argued by Hartston and
Swerdlow (1999), the obsessional intrusive thought serves as a 'self-primer' that
facilities its own occurrence.
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If anomalies in the processes of facilitation and inhibition were primary and
underpinned the clinical manifestations of the disorder, one would expect OCD
subjects to exhibit anomalies in the inhibition or facilitation of any stimuli. This
does not appear consistent, however, with the clinical observations of OCD, where
these patients exhibit a narrow range of behaviours that for example, relate to
contamination, doubt or symmetry. Thus, an underlying deficit in inhibition and
facilitation appears too general to account solely for the specific symptoms of OCD.
This raises the question of whether other processes are involved in the symptom
expression of this disorder.

Cognitive models of anxiety emphasise that manifestations of anxiety are
associated with a disturbance in information processing, resulting from a person's
preoccupation and response to perceived danger (Beck, Emery, & Greenberg, 1985;
MacLeod & Mathews, 1991; Mathews & MacLeod, 1987; Williams, MacLeod,
Watts, & Mathews, 1997). Thus, an individual's belief system may be an important
predisposing factor in the development of OCD. In particular, it is suggested within
these models that information processing deficits reflects an attentional bias
operating to favour the intake of emotionally threatening information. Accordingly,

the fifth study will assess the effect of threat processing on facilitation and inhibit
processes to assess the relationship between information processing deficits and
symptom expression.
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7.6 Conclusions
The findings of this study provide empirical data that OCD is associated with
greater facilitation and reduced inhibition, which was not accounted for by a general
processing abnormality. It is argued that when an obsession occurs, individuals with
OCD are unable to successfully inhibit the intrusive thoughts. If ritualisation occurs
in response to the obsession, this process is further facilitated. Symptomatic OCD
and Remitted OCD subjects equally displayed abnormalities on the experimental
tasks, consistent with the interpretation that greater facilitation and reduced
inhibition are trait rather than episode markers of the disorder.

However, clinically OCD patients appear to present with difficulty in
inhibiting and the facilitation of a narrow range of behaviours. Thus, the question
arises as to whether other processes are involved in OCD symptoms expression, as
an underlying deficit in inhibition and facilitation appears too general. Hence,
further investigation of what processes underlie symptom expression in OCD will be
addressed in Study 5. In particular, the next study assessed the affect of anxiety
words on the processes of facilitation and inhibition in comparison to normal control
and anxiety disorders control subjects.
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Chapter 8. The Effect of Threat Processing on Facilitation
and Inhibition in OCD

8.1 Introduction
It was demonstrated in Study 4 (chapter 7) that OCD subjects suffered
underlying facilitation and inhibition abnormalities. These abnormalities were
argued to be trait related deficits of the disorder, indicating that despite symptoms
remitting performance abnormalities did not ameliorate. Applied clinically, it is
argued that when an OCD individual experiences an intrusive thought, they exhibit
difficulties in successfully inhibiting the thought. Engaging in ritualisation further

facilitates the intrusive thought, which serves as a self-primer facilitating its own reoccurrence.

Two issues remain uncertain: First, it is unclear clinically whether anomalies
in the processes of facilitation and inhibition solely account for the symptoms
observed in OCD. The deficits observed using the experimental paradigms are
general deficits in inhibition and facilitation, whilst the behaviours in OCD would
suggest that the inhibition and facilitation anomalies are specific. Second, it remains
unclear which factors contribute to the remittance of OCD symptoms, as it is argued
that the thesis findings demonstrate that abnormalities in facilitation and inhibition
are trait related. Thus, if abnormal facilitatory and inhibitory processes are evident
when OCD subjects are symptomatic and remain when patients remit, it may be
argued that some other variable is implicated. Cognitive models of anxiety
emphasise the role of information processing deficits, resulting from a person's
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preoccupation and response to perceived danger.

Therefore, an individual's

cognitive schema may be an important predisposing factor implicated in the
development of OCD. Accordingly, this fifth study assessed the effect of threat

processing on facilitation and inhibition processes, to assess the relationship between
information processing deficits and symptom expression in OCD. The role of
attentional bias in anxiety will be discussed initially, followed by the role of
attentional bias in OCD.

8.1.1 Processing Bias in Anxiety
The main tenet of cognitive models of anxiety is that many manifestations of
anxiety are associated with a disturbance in information processing, resulting from a
person's preoccupation and response to perceived danger (Beck et al., 1985;
MacLeod & Mathews, 1991; Mathews & MacLeod, 1987; Williams et al., 1997).
Beck et al. (1985) for example, emphasise the importance of cognitive schemata that
are structures of rules influencing attention to incoming information. They argue
that individuals vulnerable to anxiety selectively favour the encoding of schema
congruent information (i.e. emotionally threatening). According to Williams et al.
(1997), attention is readily captured by mildly threatening cues in individuals who
are vulnerable to anxiety. Consequently, these individuals are exposed to a stream
of information regarding potential dangers that leads to elevated levels of anxiety.
Thus, the assumption by the above theorists is that individuals suffering from
anxiety, experience an attentional bias to environmental stimuli interpreted as
dangerous.
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Considerable research has been conducted to assess whether elevated levels
of anxiety are associated with attentional bias for emotionally threatening
information. The emotional Stroop task has frequently been utilised as a measure of
attentional bias. This task is a modification of the Stroop Colour Word Test
(Golden, 1978), whereby emotionally evocative words are printed in coloured ink
which is named by the subject. Anxiety sufferers have been shown to demonstrate
slowed responses to naming the colour of the word whilst ignoring the meaning of
the emotionally laden word, compared to emotionally neutral words. Control
subjects do not demonstrate this slowed response (Williams, Mathews, & MacLeod,
1996). Thus, it is argued that anxious individuals find it difficult to ignore the
emotional content of the word, whilst naming the colour of the word. Consistent
with this, Matthews, Mogg, Kentish and Eysenck (1990) demonstrated that when
neutral targets were embedded among threatening distractors, anxious subjects were
delayed in their response. Delayed response latencies have also been demonstrated
for anxious individuals when words were presented outside of conscious awareness
(MacLeod & Rutherford, 1992; Mogg, Bradley, Williams, & Mathews, 1993).
Thus, it is evident that threatening information interferes with the successful
completion of a task for individuals suffering with anxiety.

Anxious individuals have also been shown more likely to interpret
ambiguous information as threatening. Eysenck, Mogg, May, Richards and
Mathews (1991) demonstrated that anxious subjects were more likely to endorse

recognition items as threatening rather than non-threatening, after hearing a sentenc
ambiguous in terms of its emotional implication. This effect has also been found to
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persist for realistic descriptions of social situations (Hirsch & Mathews, 1997;
Hirsch & Mathews, 2000). Thus, it is concluded by Mathews and MacLeod (2002),
that threatening stimuli captures attentional resources more readily in anxious
individuals.

Where an individual directs their attention is believed to be related to the
interpersonal concerns of the person. For example, Panic Disorder is often

associated with greater interference for somatic words indicative of collapse or deat
as this relates to the 'core' concerns of the disorder (Asmundson, Sandler, Wilson, &
Walker, 1992; Ehlers, Margraf, Davies, & Roth, 1988; McNally et al., 1992); Social
Phobia is associated with greater interference for socially threatening words (Hope,
Rapee, Heimberg, & Dombeck, 1990); and Generalised Anxiety Disorder is
associated with greater interference effects for health-related issues (Mogg,
Mathews, & Weinman, 1989).

Furthermore, the emotional state or mood of the individual (i.e. happy, sad)
is important in the allocation of attention. For example, MacLeod and Matthews
(1988) demonstrated that individuals with high levels of 'trait anxiety' are more
likely to attend to negative valence stimuli when two words differing in valence are
simultaneously presented. Similarly, Teasdale and Russell (1983) reported that
subjects 'manipulated' to experience a negative mood recalled more negative words
after presentation of positive, negative and neutral words. These findings have also
been supported by studies using varying emotional expressions or pictures differing
in threatening content (Compton, 2000; Fox, Russo, Bowles, & Dutton, 2001;
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Horley, Williams, Gonsalvez, & Gordon, 2003; M o g g & Bradley, 1999; Yiend &
Mathews, 2001).

Consistent with the above findings demonstrated in individuals with high
levels of anxiety, a processing bias operating in favour of selectively encoding
emotionally threatening stimuli has also been demonstrated in anxiety disordered
populations. This has been shown with Specific Phobia (Watts, McKenna,
Sharrock, & Trezise, 1986), Social Phobia (Hope et al., 1990), Panic Disorder
(Ehlers et al, 1988; Hayward, Ahmad, & Wardle, 1994; McNally, Riemann, & Kim,
1990), Generalised Anxiety Disorder (Martin, Williams, & Clark, 1991; Mathews &
MacLeod, 1985; Mogg et al., 1989), and Posttraumatic Stress Disorder (Bryant &
Harvey, 1995; Cassiday, McNally, & Zeitlin, 1992; Foa, Feske, Murdock, Kozak, &
McCarthy, 1991; McNally, Kaspi, Riemann, & Zeitlin, 1990).

8.1.2 Processing Bias in OCD
There is increasing literature to suggest that the selective processing of

threatening information observed in several anxiety disorders also extends to OCD

The emotional Stroop task has been one of the most frequently adopted paradigms t

investigate attentional biases in OCD, where delays in response to naming the col
of the word whilst ignoring the meaning of the fear-related stimuli have been
demonstrated (Foa, Ilai, McCarthy, Shoyer, & Murdock, 1993; Kyrios & lob, 1998;
Lavy, van Oppen, & van den Hout, 1994; McNeil, Tucker, Miranda, Lewin, &
Nordgren, 1999).
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In particular, Foa et al. (1993) compared O C D subjects with washing and
non-washing compulsions, to normal control subjects. OCD subjects with washing
compulsions exhibited longer colour naming latencies for contamination threat
words than neutral words. It was also shown that this effect was related to the
individual's specific fears. For example, OCD subjects with non-contamination
fears did not exhibit selective processing for contamination words, despite subjects
not differing in obsessive-compulsive symptom severity, or in general anxiety or
depression to OCD subjects with contamination fears. Similarly, Kyrios and lob
(1998) demonstrated OCD subjects were slower in colour naming 'diagnosisspecific' threat-related information at the automatic level of awareness. These
findings demonstrated that the specific concerns of the individual impede their
ability to successfully ignore threatening stimuli and complete the task efficiently.

Research using the emotional Stroop paradigm, however, has not always
been consistent. For example, McNally, Kaspi, Riemann and Zeitlin (1990)
examined attentional bias in subjects with Posttraumatic Stress Disorder, whilst 10
OCD subjects served as controls. Threat words relevant to OCD were used as noncongruent control stimuli for the Posttraumatic Stress Disorder subjects. However,
OCD subjects with contamination obsessions, contrary to expectation, did not
exhibit interference effects on this task for OCD words. One interpretation of these
findings is that the words used (e.g. germs and urine) might not have corresponded
to the principal concerns of the OCD sample, whose primary fears regarding
contaminants were atypical (e.g. cat faeces, motor oil, LSD).
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Consistent with this, McNally, Riemann, Louro, Lukach and K i m (1992)
reported that both OCD and Panic Disorder subjects displayed similar levels of
Stroop interference for body sensation words (e.g. faintness, choking). The authors
suggested that most anxiety disorders are associated with unpleasant autonomic
symptoms, hence the threat words used in their study were not necessarily unique to
panic-related concerns. Furthermore, the symptom profiles of OCD subjects were
not described, thus the influence of somatic obsessions (fear that one has developed
a serious illness, such as AIDS or cancer) could not be ascertained. The body
sensation stimuli may in effect have been threat-related for OCD subjects. These
authors suggested that the discrepant findings reflect difficulties in identifying
standardized threat congruent stimuli for OCD subjects, rather than OCD subjects
displaying an attentional bias for any threatening stimulus. Further research that
independently determines threatening words relevant to the interpersonal concerns
of the OCD individual is necessary.

In a comprehensive review of the Stroop literature, MacLeod (1991) argued
that the Stroop paradigm was not necessarily a 'pure' measure of attentional bias, as
post-attentional processing may be involved and the results may be confounded by
response biases. The visual dot-probe task (MacLeod, Mathews, & Tata, 1986)
alternatively, was designed to assess attentional processes and may be considered a
more direct measurement of attentional bias. In this task subjects are instructed to
indicate when a dot, presented on a computer screen, replaces one of a pair of
stimulus words. Anxious individuals have been shown to allocate attentional
resources towards the location where the threat word was presented (MacLeod et al.,
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1986).

This facilitates responses for replacements of threat words and impairs

responses when neutral stimuli were replaced. Tata, Leibowitz, Prunty, Cameron
and Pickering (1996) replicated these findings in OCD subjects and concluded that
subjects with contamination fears exhibited enhanced detection for a probe replaced
by threat-related words, but not non-specific threat words. These findings support a
'content-specific' attentional bias in OCD subjects, similar to the findings in anxious
individuals.

McNally, Wilhelm, Buhlmann and Shinn (2001), in a replication study of
Enright (1996) examined whether, for threat-related words, OCD patients exhibited
disproportionate negative priming deficits, relative to neutral words. Negative
priming deficits in OCD were found, although, a disproportionate difficulty
inhibiting threat-related words was not identified. This finding appears unexpected
given the literature reviewed above, which indicates that OCD subjects exhibit
difficulty inhibiting threat-related stimuli on the Stroop task.

It has been questioned whether the attentional bias effects observed in OCD
are related to a 'threat-relatedness' hypothesis, 'emotionality' hypothesis or
'concern-relatedness' hypothesis. These hypotheses refer to stimuli which evocate
the attentional bias, that is, whether the stimuli are threat-related, emotional or
concern-related. The emotionality hypothesis was proposed by Martin, Williams
and Clark (1991), who argued that threat was confounded with emotion after
demonstrating that anxious subjects exhibited an attentional bias not only to
threatening information, but emotional information in general. Mathews and Klug
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(1993), in a follow-up study found that anxious subjects did not exhibit an
attentional bias for emotional words unrelated to anxiety. Instead, based on findings
that subjects selectively attend to stimuli semantically associated with their
emotional concerns, Mathews and Klug (1993) consequently proposed a concernrelatedness hypothesis. Lavy, Van Oppen and Van Den Hout (1994) attempted to
clarify these three hypotheses in relation to OCD. Their findings supported the
threat-related attentional bias in OCD subjects, whereby subjects showed a bias for
negative obsessive-compulsive related cues. It was suggested that the attentional
bias reported in OCD was for threat information and not for positive valence
obsessive-compulsive words.

It is suggested that the attentional bias for threatening information occurs at
an early, relatively automatic level of processing. This has been demonstrated in
OCD subjects by Unoki, Kasuga, Matsushima and Ohta (1999), who instructed
subjects with checking and cleaning compulsions, to name the background colours
of anxiety-relevant, compulsion-relevant, positive and neutral words that were
presented subliminally and supraliminally on the emotional Stroop task. These
authors reported that OCD subjects took longer to colour name threat information
when it could not be identified consciously. Furthermore, OCD patients with
checking compulsions responded more slowly than OCD patients with cleaning
compulsions. These findings were interpreted as OCD patients, especially those
with checking compulsions, exhibit a deficit in automatic processing of threat
information. This finding of an automatic processing bias is significant given the
'automatic' nature of obsessions.
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Interestingly, research has demonstrated that vigilance for threatening stimuli
declines once it is no longer perceived as threatening (Foa & McNally, 1986). Foa
and McNally (1986) used a dichotic listening task that required OCD subjects to
repeat aloud a passage presented to the dominant ear, and simultaneously detect
target words in both the attended and unattended passage. On the behavioural (e.g.
button press) and physiological (e.g. skin conductance responses) measures, the
authors reported that at pre-treatment OCD subjects displayed a greater detection for
fear-relevant targets than neutral targets. Subjects were re-tested after daily
intensive treatment involving fifteen, 90-minute sessions of imaginal and in vivo
exposure combined with response prevention. At post-treatment this vigilance was
shown to attenuate. These authors argued that OCD subject's vigilance for fearrelevant words was due to its association with fear. Thus, strategies that reduce the
threat value of a feared stimuli are beneficial in the treatment of OCD, as once the
stimulus is no longer perceived as threatening, the attentional bias attenuates.

In conclusion, cognitive models associate anxiety with biases in information
processing. Consistent with this, investigations of processing biases for threat
information in anxiety disorders and OCD in particular, generally support these
claims. Research has demonstrated this bias is relatively automatic, is related to the
idiosyncratic concerns of the individual, facilitates the processing of further threatrelated information, and attenuates once the stimuli is no longer perceived as
threatening. However, it is unclear how this attentional bias relates to the processes
of facilitation and inhibition, demonstrated in Study 4 (chapter 7). Moreover, how
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this attentional bias is related to symptom expression in O C D is also unclear.
Accordingly, the aims of the present study were to assess whether exposure to
threat-related stimuli effects facilitation and inhibition processes in OCD subjects,
and whether these effects are related to the severity of symptomatology within the
disorder. This was the first study to examine the effect of threat-related stimuli on
these specific processes and determine its relationship to symptom expression in
OCD. To examine this issue, the present study compared Symptomatic OCD,
Remitted OCD, PD clinical control, and normal control subjects (participants in
Study 4 [chapter 7]) on the facilitation and inhibition tasks (utilised in Study 4)
using personally threatening stimuli. Based on the above literature, it is
hypothesised that OCD subjects will exhibit an attentional bias for personally
threatening words. Furthermore, it is hypothesised that Remitted OCD subjects will
not exhibit this attentional bias.

8.2 Method
8.2.1 Subjects
Seventy-one subjects participated in this study. There were 20 Symptomatic
OCD, 11 Remitted OCD, 20 PD, and 20 normal control subjects, and they were the
same cohort that participated in Study 4. Study 4 (chapter 7.2.1) provides a full
description of subject selection.

8.2.2 Materials
The materials used in the current study were the same as those used in Study
4 (chapter 7.2.2), unless specified below.
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8.2.2.1 W o r d List
In order to identify personally threatening words for each subject, the word
list described in Study 4 (chapter 7.2.2.2) was completed. Three words rated as
personally threatening by each subject were used in the threat condition for the
facilitation and inhibition tasks.

8.2.3 Procedure
For the current study the procedural details were identical to Study 4 (chapter
7.2.3), unless indicated below.

Once subjects completed the facilitation and inhibition tasks using neutral
words, the cognitive tasks were re-administered using personally threatening words.
The threat condition (i.e. personally threatening words) was consistently presented
last, ensuring any potential distress associated with reading these words did not carry
across into the neutral condition.

8.2.4 Statistical Analyses
To determine whether there was an interaction effect for facilitation and the
threat condition, repeated measures mixed design contrasts were conducted. The
within-subjects variable was the facilitation differential for the neutral and threat
conditions (FacS [i.e. RT3-RT2 for neutral words] and Fac_8_T [i.e. RT3-RT2 for
threat words]) and the between-subjects variable was group status (Symptomatic
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O C D vs. normal controls; Symptomatic O C D vs. P D ; Symptomatic O C D vs.
Remitted OCD). For each contrast, mean square error was used as per Kirk (1982).

To determine if there was an interaction effect for inhibition and the threat
condition for subjects, repeated measures mixed design contrasts were conducted,

where the within-subjects variable was the inhibition differential for the neutral an
threat conditions (Inh_5 [i.e. RT7-RT6 for neutral words] and Inh_8_T [i.e. RT7RT6 for threat words]) and the between-subjects variable was group status
(Symptomatic OCD vs. normal controls; Symptomatic OCD vs. PD; Symptomatic
OCD vs. Remitted OCD). Mean square error was used as per Kirk (1982) for each
contrast.

As the contrasts were planned and there were no more than the effect
degrees of freedom, no adjustment of alpha was required (Tabachnick & Fidell,
1989).

To determine whether there were any relations between the significant
cognitive measures and clinical variables such as symptomatology and obsessivecompulsive personality traits for the Symptomatic OCD group, Pearson's ProductMoment correlation coefficients V were calculated. The variable for the cognitive
measure was inhibition (Inh_5_T) and for symptomatology was the Y-BOCS. The
variables for personality were perfectionism and indecisiveness. To assess any
relationship between facilitation and inhibition for the threat condition, Pearson's
Product-Moment correlation coefficients V were calculated separately for the
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Symptomatic O C D and normal control groups. The variables were the facilitation
(Fac_6_T) and inhibition (Inh_5_T) indices. Correlations for Remitted OCD
subjects were not calculated due to the small sample size and limited range of
scores.

All statistical values reported are for two-tailed tests.

8.3 Results
8.3.1 Interaction Between Threat and Facilitation
Group data for the facilitation task for the threat condition are detailed in
Table 8.1 and plotted in Figure 8.1.

Table 8.1. Response Times for Threat Condition on Facilitation Task for
Subjects

Measure
RTl T
RT2 T
RT3 T
Fac 8 T
Fac 8

Normal Controls
M(SD)
409.74 (53.22)
416.37(64.63)
423.73 (65.38)
7.36 (38.54)
13.44(43.76)

Panic
Disorder

M(SD)
457.20 (57.50)
489.21 (49.29)
487.99 (57.74)
-1.23(31.55)
10.92(28.07)

Remitted

OCD
M(SD)
406.53 (22.73)
392.66 (52.84)
429.90 (42.42)
37.24(17.51)
44.73 (19.77)

Symptomatic O C D

M(SD)
459.53 (56.14)
448.82 (63.07)
487.98 (56.86)
39.16(38.63)
43.98 (29.53)

Note. Results are presented in m i liseconds. F a c S T = response time differential for the threat
condition [ R T 3 T - R T 2 _ T ] ; Fac_8 = response time differentials for the neutral condition (Study 4).

There w a s no interaction between threat and facilitation between the groups
(Symptomatic OCD vs. normal controls, t (67) = 0.09,/? = 0.93; Symptomatic OCD
vs. PD, t (61) = 0.55, /? = 0.58; and Symptomatic OCD vs. Remitted OCD subjects, t
(67) = 0.17,/? = 0.87).
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Figure 8.1. Facilitation differentials for neutral and threat conditions on the
facilitation task for subjects. Larger scores represent more facilitation.

8.3.2 Interaction between Threat and Inhibition
Group data for the inhibition task for the threat condition are detailed in
Table 8.2 and plotted in Figure 8.2.

Table 8.2. Response Times for the Threat Condition on the Inhibition Task for
Subjects
Normal
Controls
Measure

RT4
RT5
RT6
RT7
Inh_8_T
Inh 8

M(SD)
500.92(81.46)
430.49(81.99)
536.55(58.16)
460.02(77.17)
-76.52 (49.74)
-66.25 (43.41)

Panic
Disorder
M(SD)
562.76 (67.06)
474.49 (67.22)
565.77(83.91)
514.05(76.37)
-51.72(50.85)
-69.69 (55.02)

Remitted

OCD
M(SD)
487.76 (50.68)
523.79 (42.22)
481.61 (56.71)
447.91 (45.36)
-33.71(50.17)
-23.83 (32.89)

Symptomatic
OCD
M(SD)
567.36(71.24)
570.66 (70.65)
494.10(60.51)
515.83(71.96)
21.73(50.03)
-20.84 (35.93)

Note. Results are presented in milliseconds. Inh_5_T = response time differentials for the threat
condition [RT7_T - RT6_T]; Inh_5 = response time differentials for the neutral condition (Study 4).
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There was a significant interaction between threat and inhibition for
Symptomatic OCD compared to Remitted OCD subjects, t (67) = 2.22, p = 0.03,
and normal control subjects, t (67) = 2.66, p = 0.01. However, there was no
significant difference in the interaction between threat and inhibition between the
two symptomatic groups; Symptomatic OCD and PD groups, t (67) = 1.24, p = 0.22.
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Figure 8.2. Inhibition differentials for neutral and threat conditions on the
inhibition task for subjects. Larger scores represent less inhibition.

8.3.3 Relationship Between Performance and Clinical Variables
Within the Symptomatic OCD group, the severity of symptoms, as reflected
by scores on the Y-BOCS, did not correlate with the inhibition index for the threat
condition, r (18) = -0.27, p = 0.25. None of the personality traits examined
correlated with inhibition for the Symptomatic OCD subjects (perfectionism, r (18)
= 0.15, p = 0.53; indecisiveness, r (18) = 0.29, p = 0.24). There was no correlation
between the threat condition and inhibition and facilitation for the Symptomatic
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O C D group, r (18) = 0.01, /? = 0.97, or between these processes for normal control
subjects, r (18) = -0.21,/? = 0.37.

8.4 Discussion
In this study it was found, compared to normal control subjects, that
overactive cognitive schemas and/or anxiety activated by threat-related stimuli,
exaggerated the inhibition deficit observed in Symptomatic OCD subjects. This
effect was also shown to exist for the PD group, whereby exposure to personally
threatening words reduced subject's ability to inhibit these words, compared to
neutral words. Moreover, Remitted OCD subjects did not display an exaggerated

inhibitory deficit for threat-related stimuli. Therefore, the pattern of results indicat
that unlike the primary deficits of inhibition and facilitation that appear specific to
OCD, exaggeration of this impairment for threat-related stimuli is common to both
OCD and PD anxiety disorders. Whereas the former deficit has characteristics of an
OCD trait marker, the latter does not.

Given that the exacerbation of the inhibition deficit was observed in patient
groups suffering symptomatic anxiety (i.e. Symptomatic OCD and PD), but not
groups without anxiety (i.e. Remitted OCD and normal controls), may be interpreted
to suggest the likelihood that anxiety mediates this exacerbation. However, whether
the impairment of normal inhibition abilities is the direct result of more active
cognitive schemas that co-exist with increased levels of anxiety, or whether they are
a direct consequence of the non-cognitive aspect of anxiety (e.g. increased arousal
levels) is difficult to ascertain from these results. This issue may be examined by
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studying inhibition performance in patients suffering overactive cognitive schema
(e.g. depressive disorders where depressogenic schemas are activated) without the
concomitant autonomic arousal elevations.

The finding of reduced inhibition in OCD and PD subjects is consistent with
cognitive models of anxiety. Cognitive theory emphasises the role of information
processing biases in the way individuals perceive and process environmental
information, whereby there is an attentional bias towards stimuli interpreted as
personally threatening. However, given that both OCD and PD groups exhibited an
attentional bias, the question raised is what differentiates these anxiety disorders.
Study 4 (chapter 7) demonstrated that OCD subjects exhibit an underlying deficit of
inhibition and facilitation, not exhibited by PD subjects. Hence, it is argued that
poorer performance by the PD group on the inhibition task during the current study
was the result of overactive cognitive schemas and/or heightened anxiety provoked
by threat-related stimuli, as opposed to an underlying deficit in inhibition per se.
The poorer performance by Symptomatic OCD subjects is argued to be the result of
an underlying deficit in inhibition, exaggerated by an attentional bias for threatrelated stimuli.

In contrast with the results for inhibition, there was no interaction between
threat and facilitation, whereby the facilitatory effect observed for the groups
remained relatively unchanged for threat stimuli. Thus, the enhanced facilitatory
effects observed in both OCD groups for neutral stimuli, persisted for threat stimuli.
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T h e finding that O C D subjects w h o reached remitted status did not display
an attentional bias for threat-related stimuli, demonstrates that overactive cognitive
schema and/or anxiety rather than a diagnosis of OCD, mediate the inhibition
anomaly for threat-related words. Foa and McNally (1986) demonstrated that once
OCD patients no longer consider a stimulus to be threat-related, anxiety for such
stimulus dissipates. In particular, these authors reported vigilance on a dichoticlistening task dissipates in OCD subjects after treatment with exposure and response
prevention. Given that the results of this study indicated that the general effect of
anxiety words was to accentuate inhibition regardless of diagnoses, it is argued that
if PD subjects were re-tested once remitted, performance on the inhibition task
would also improve for threat-related words. Further research assessing this in PD
subjects would contribute to greater knowledge of the effect of anxiety and its
activation of cognitive schemata in these clinical disorders.

The findings of this study have implications for treatment strategies adopted,
and also for the understanding of relapse that is frequently observed in OCD
individuals. In particular, treatment strategies need to address the specific activated
threat-related cognitive schemata in addition to the underlying deficit in inhibition
and facilitation. If the underlying anomalies in inhibition and facilitation are not
addressed it would be expected that patients would relapse. The implications of the
findings for treatment strategies will be addressed in greater detail in the following
chapter (chapter 9).
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This study reported that both Symptomatic O C D and P D subjects exhibited
greater difficulty inhibiting threat-related words specific to their idiosyncratic
concerns. Numerous studies have examined processing of threatening material in

anxiety disorders (Ehlers et al., 1988; Foa et al., 1993; Hayward et al., 1994; Lavy et
al., 1994; McNeil et al., 1999), however, some findings are discordant (McNally et
al., 1992; McNally et al, 1990). These studies did not appear to have used words
specific to the personalised concerns of the individual, which may have accounted

for the inconsistencies. In contrast, the current study used words related to concerns
of the individual, specifically words classified as general-threat, panic-threat and
OCD-threat. Future research will benefit from lists that use words specific to the
individual's concerns, in order to determine the effect of threat-related stimuli.

Due to the small sample size of the non-medicated (n = 3) subgroup,
statistical analyses between the medicated and non-medicated Symptomatic OCD
groups were not conducted. Medication effects are more fully discussed in the
following chapter.

The correlation between facilitation and inhibition processes for threatrelated stimuli in the Symptomatic OCD subjects was not significant. These results
were also demonstrated in normal control subjects. It is argued, therefore, that the

processes of facilitation and inhibition for threat-related stimuli are independent of
one another. This will be discussed further in the following chapter (chapter 9).
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8.5 Conclusions
In order to elucidate the role of threat words on executive functions in OCD,
facilitation and inhibition processes were evaluated in Study 5, using threat-related
stimuli. The results of this study showed that threat words exaggerated the
underlying inhibition deficit in Symptomatic, but not Remitted OCD subjects.
Threat words also interfered with normal inhibition demonstrated by PD subjects.
Hence, the findings indicate that inhibition is accentuated by threat words, and this
effect is not specific to OCD, but also affects PD anxiety disorders subjects. The
facilitation anomaly, however, was not affected by threat words. In conclusion, it is
argued that both abnormal inhibition and facilitation are specific to OCD and are
stable trait-like deficits, whereas activated cognitive schemata and/or heightened
anxiety are important in the maintenance and remission of symptomatology.
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Chapter 9. Thesis Conclusions and Implications

9.1 Aims
The aims of this chapter firstly, are to highlight the major findings of this

thesis, secondly to discuss their important theoretical and clinical implications, an

thirdly, to outline the limitations of the studies and discuss suggestions for futur
research.

9.2 Major Findings
The first major finding of this thesis was impaired performance by
Symptomatic and Remitted OCD groups on measures of inhibition, facilitation, set
shifting and working memory that were not present in the clinical control group.
These findings are consistent with the interpretation that they are trait marker
deficits. The differences between OCD and anxiety disorders control groups were
substantial and these deficits were demonstrated in both cross-sectional and
longitudinal experimental designs. Examining whether executive function deficits
were episode or trait markers in OCD was a critical yet an understudied area of
research.

The second major contribution relates to the distinction between facilitatory
and inhibitory processes. Two paradigms were devised to separately assess the
processes of facilitation and inhibition, and it was demonstrated that the two were
independent. Salient findings were that OCD patients displayed greater facilitation
and reduced inhibition in comparison to an anxiety disorders control group (i.e. PD
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subjects) and a normal control group, and these were trait deficits that occurred in
both Symptomatic and Remitted OCD groups. Previous experimental paradigms
have confounded inhibitory with facilitatory processes and have often not examined
the latter. It is therefore, difficult to determine whether impaired performance on

these tasks, was the result of dysfunctional inhibition, facilitation, or a combination
of both. The thesis results attempt to clarify the relationship between inhibition and
facilitation in OCD, and thus enhance the understanding of mechanisms underlying
the manifestation and maintenance of obsessions and compulsions experienced by
sufferers of OCD.

Based on these findings, it is argued that impaired inhibition in OCD patients
renders it difficult for them to inhibit successfully intrusive thoughts that occur
normally. Even if OCD patients are able to inhibit the obsessional thought, this
thought is more likely to re-occur because it is not inhibited as effectively as what
would be in 'non-OCD' individuals. Furthermore, responses to obsessional thoughts

are enhanced as abnormal facilitatory processes render it more likely that rituals tha
develop will re-occur. It can be argued, therefore, that underlying anomalies in
facilitation and inhibition maintain the obsessions and compulsions in OCD
individuals.

A third major contribution of the thesis relates to the interaction between
overactive threat-related cognitive schemata and mechanisms of inhibition.
Overactive cognitive schemas provoked by threat-related stimuli were shown to
exacerbate the inhibition impairment in Symptomatic OCD subjects, and interfere
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with normal inhibitory processes in P D subjects.

It can be argued that both

abnormal inhibition and facilitation may be specific to OCD and are stable trait-lik
deficits, whereas overactive threat-related cognitive schemata and/or anxiety are
important in the maintenance and remission of OCD symptomatology.

Based on these findings, it is thus argued that the obsessions and
compulsions manifested by OCD subjects are a consequence of several processes: i)

underlying deficits in inhibition that affects processing of all stimuli, ii) excess
facilitation that affects processing of all stimuli, and iii) an exacerbation of the
inhibitory deficit in response to exposure to threat-related words.

9.3 Implications
The findings of this thesis can be used in an attempt to integrate the
neurobiology and psychopathology research on OCD. As discussed in chapter 1,
psychological mechanisms, including conditioning (e.g. Mowrer, 1960) were viewed
as contributing factors to the aetiology and maintenance of OCD. Cognitive theories
(e.g. Foa & Kozak, 1986; Rachman, 1971; Rachman, 1977; Rachman, 1990)
attempted to refine Mowrer's (1960) theory to apply more specifically to OCD.
These early theories have been useful in the development of treatment strategies,
such as exposure and response prevention and have attempted to explain the
maintenance of obsessions and compulsions. However, despite their strengths,
conditioning models have some limitations. For example, whilst these models
attempt to account for compulsions, they do not explain the aetiology of obsessions
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or account for episodes of relapse. N o r do they explain w h y compulsions are so
repetitive.

Extending on these theories, Salkovskis (1985; 1989) provided one of the
most comprehensive cognitive analyses of OCD. Salkovskis (1985; 1989)

postulated that the critical aspect of OCD is not the occurrence of intrusive thought
but the meaning or interpretation placed on them. Consequently, an individual's
belief system, particularly their dysfunctional beliefs regarding guilt and
responsibility may be an important predisposing factor in the development of this
disorder. Consistent with learning theories, despite their contributions cognitive
theories have not adequately explained the aetiology of the disorder nor have they
accounted for the considerable neurobiological evidence regarding OCD.

The results of this thesis suggest that psychological and neurobiological
factors potentially contribute to the aetiology and maintenance of OCD. The results
would appear to support a two-component model, the first involving a
neurobiological deficit, and the second involving the role of threat appraisal. The
results support the contention that OCD patients have an underlying neurobiological
deficit (at least one involving inhibition and facilitation), unrelated to
symptomatology and clearly evident even during symptom remission. In particular,
the underlying information processing deficits in inhibition and facilitation may be
related to the orbitofrontal cortex, basal ganglia and anterior cingulate pathology
demonstrated in OCD by neuroimaging research. Furthermore, the results support
postulations of psychological theories. The interaction of a processing bias for
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threat-related information, with an underlying inhibition deficit in O C D individuals,
was found to exaggerate their inability to inhibit intrusive thoughts. Thus, problems
with learning, as indicated by Mowrer (1960), or dysfunctional belief systems and

impaired threat processing, as indicated by cognitive theorists (e.g. Beck et al., 198
Salkovskis, 1985; Salkovskis, 1989), may influence distress levels that lead to an
exacerbation of inhibition and proliferation of obsessions and compulsions.

The identification of potential trait markers of a disorder is of significance.
Trait markers are likely to be associated with possible aetiological, or at least
mediating mechanisms, whereas episode markers are likely to be related to transient
consequences of the disorder that ameliorate with symptom remittance. The
distinction and elaboration of trait versus episode markers has clinical implications
for treatment interventions with OCD patients. In particular, this thesis determined
that anomalies in inhibition and facilitation are stable trait-like deficits. Based on
these findings it is expected that only partial remission would occur in patients
unless these underlying deficits are addressed. This is consistent with the clinical
literature, which has demonstrated that most OCD patients only reach partial
remission with either pharmacotherapy or psychological therapies and are prone to
repeated relapses. Future attention therefore, needs to focus on interventions that
address the underlying abnormalities in inhibition and facilitation.

The findings of this thesis can also be used in an attempt to clarify some of
the conceptual difficulties inherent in past executive function OCD research.
Examination of neuropsychological measures of inhibition, such as the Stroop task

222

and the G o / N o g o task, indicate that a particular test m a y load more heavily on one
process such as inhibition, whilst another test may load more heavily on another
process such as facilitation. For example, the demands of the Stroop task would
suggest a loading more heavily on inhibition, whereas the Go/Nogo task may

primarily tap facilitatory processes. To illustrate, the frequent occurrence of targe
stimulus on the Go/Nogo task ensures that facilitation processes are activated.
Consequently, the pattern of faster response times to Go stimuli and more errors to
nogo stimuli evidenced by OCD subjects may be the result of excessive facilitation.
These findings emphasise the need for future research utilising test paradigms that
examine both inhibition and facilitation processes in OCD, rather than inhibition
alone.

The findings also have future clinical implications for OCD. Overactive
threat-related cognitive schemas and/or anxiety were found to interfere with normal
inhibitory functions among anxiety disorder patients that were symptomatic, that is,
OCD and PD subjects. Interestingly, whilst Remitted OCD subjects exhibited
underlying facilitation and inhibition anomalies, cognitive schema did not
exacerbate this inhibitory deficit. This finding has implications for understanding

the pattern of relapse in the disorder. For example, it is argued that critical facto
can activate belief systems or schemas associated with threat, danger and
responsibility, potentially producing levels of anxiety that are severe enough to
exaggerate further the inhibition deficit.
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It can be posited that treatment approaches that alter the overactive threatrelated cognitive schemas in OCD individuals may result in symptoms remitting.

However, it is suggested, based on the findings of this thesis, that if the underlying
anomalies in inhibition and facilitation are not treated, then it is assumed that
patients may relapse. Thus, treatment strategies need to address both the overactive
cognitive schemas and the underlying inhibitory and facilitatory abnormalities.

As identified previously in chapter 1.7.2, an example in the literature of

treatment strategies that explicitly target threat-related beliefs is a cognitive ther
DIRT, which was developed by Jones and Menzies (1997a; 1998a). Various
treatment strategies are utilised during DIRT, including attentional training, filmed
corrective interviews, corrective information, cognitive restructuring, expert
testimony, microbiological experiments and a probability of catastrophe assessment
task (Krochmalik et al., 2001). The empirical research to date suggests that DIRT is

an effective treatment strategy in the reduction of excessive or overvalued beliefs in
harm and/or threat. However, at this stage DIRT is specific to individuals with
contamination fears and washing or cleaning compulsions only. Such treatment

strategies will go further in minimising the threat or danger related schemas, in turn
reducing OCD symptomatology. Psychological, pharmacological and other
treatment modalities that attempt to directly reduce the deficits in inhibition and
facilitation may supplement current treatment approaches, resulting in more
satisfactory treatment outcomes for OCD as well as preventing relapse.
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Deficits in inhibition have also been exhibited in disorders other than O C D ,
including Attention Deficit Hyperactivity Disorder (ADHD, Barkley, 1997; Nigg,
2001; Pliszka, Liotti, & Woldorff, 2000) and Schizophrenia (Weisbrod, Kiefer,
Marzinzik, & Spitzer, 2000). This raises the question as to why an individual
exhibits clinical symptoms of one disorder but not another, if a similar underlying
deficit is evident in both. It is argued that individuals vulnerable to OCD suffer an

underlying abnormality in inhibition and facilitation, which is exacerbated by threat
related stimuli. Despite researchers demonstrating that disorders such as ADHD

also suffer an underlying deficit in inhibition, they have not demonstrated that these

individuals suffer the cognitive schemata regarding danger, threat, and responsibilit
evident in OCD. Furthermore, OCD subjects demonstrate excessive facilitation,
however, it is unclear whether ADHD patients also suffer this anomaly. Thus, as
identified previously, it appears that OCD suffer a set of abnormalities which are
specific to OCD, including underlying deficits in inhibition that affects processing
all stimuli, excessive facilitation that affects processing of all stimuli, and an

exacerbation of the inhibitory deficit in response to exposure to threat-related word

Future research clarifying the nature of inhibition and facilitation abnormalities by
assessing both ADHD and OCD patients, would therefore contribute to the
differentiation of such clinical disorders.

9.4 Limitations and Future Directions
This thesis contributes new findings to the literature and enhances the
theoretical understanding of the underlying mechanisms that may relate to the
psychopathology of this clinical condition. Despite this, potential limitations must
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be considered in interpreting the results. Suggestions for future research will also be
discussed.

As no differences were found on the executive function tests between
Symptomatic OCD and Remitted OCD subjects, the resultant interpretation was that

deficits are stable trait-like markers. However, as subjects were not assessed in the
premorbid state before illness onset, it cannot be assumed that these deficits are
premorbid trait markers. In order to determine premorbid trait markers of OCD,
future research would involve a prospective study testing executive functions in

'high-risk' individuals, prior to illness onset. These individuals would subsequently
be re-tested post-onset, and monitored through the developmental course of the

disorder. If the deficits found predate the onset of illness and are specific to OCD,
the benefits include the possibility of reliably identifying at-risk individuals and
examining the efficacy of preventative intervention strategies.

It is questioned (e.g. Mataix-Cols et al., 2002) whether medication affects
cognitive performance in OCD. The inclusion of subjects with varying medication
status (i.e. type of medication, dosage and duration of treatment) may be considered
a potential limitation of this thesis. Although comparisons between medicated and
non-medicated subgroups were non-significant, the small sample size of nonmedicated OCD subjects may have prevented meaningful differences emerging.
Although this possibility cannot be negated, observations suggest this is unlikely.
For example, research has suggested that medications such as those taken by OCD
patients produce more general effects on cognitive performance, including slowed
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response time (Allen, Curran, & Lader, 1991). However, the pattern of deficits
observed are specific, with OCD subjects demonstrating significantly enhanced
response times on some cognitive tasks, normal response times on baseline
measures, and poorer performance on others. Nevertheless, systematically
examining the effects of medication by comparing medicated with non-medicated
subgroups with sufficient sample sizes in each provides a more elegant way of
eliminating adverse effects on cognitive performance. Studies in this thesis,

however, highlight the difficulties in conducting research with a clinical populat
In particular, between 75 to 85% of Symptomatic OCD subjects were medicated
across the studies. Moreover, withdrawing subjects from medication also raises
ethical issues that need to be considered when creating an experimental design
examining medication effects.

Although OCD subjects with a history of psychosis, substance abuse, and

panic disorder were excluded, it is difficult to rule out other concurrent features,
such as depression, may have contributed to performance deficits. Recent studies
(e.g. Basso, Bornstein, Carona, & Morton, 2001) have suggested that depression
affects executive function performance in OCD. These authors indicate that studies
of OCD that have not eliminated evidence of depressive symptomatology from their
samples, report executive function deficits in OCD. However, in contrast, studies
that have excluded patients with comorbid depression have failed to find such

deficits (Boone et al., 1991; Christensen et al., 1992; Zielinski et al., 1991). Thi
conclusion, however, may be somewhat premature. Several recent investigations

(Cavedini et al., 1998; Hymas et al., 1991; Purcell et al., 1998b; Schmidtke et al.,
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1998) have indicated that depression does not account for the executive function
deficits observed in OCD. In this thesis it appears unlikely that depression
accounted for the abnormalities observed, as the PD group experienced comparable

levels of depression on self-report measures (i.e. BDI-II) to the OCD subjects, whi
ranged in severity ratings across the studies from mild to moderate depression.

As a 'non-clinical' control group (i.e. normal controls) was not included in

Studies 1 and 2, it is possible to argue that the relatively poor performance on th
executive function measures was not due to performance decrements of the OCD
groups, but performance enhancements of the PD group, thus, arguing that OCD
subject's performance is not in fact 'deficient'. As discussed in chapter 3.1, the
findings of the limited research on executive functioning in PD subjects indicates

unimpaired functioning (Asmundson et al., 1995; Gladsjo et al., 1998; Purcell et a
1998b), with PD subjects performing comparably with normal control subjects.
Hence, given the lack of evidence for performance enhancements in PD subjects, it
may be argued that the results represent decrements in the OCD group. Moreover,
on the neuropsychological measures where normative data was provided (i.e.
COWA) performance of the PD and normative data were compared and it was

revealed that PD subjects performed in the normal range. This further contributes t
the unlikeliness that the findings were attributed to performance enhancements in
PD group. However, future research using a 'non-clinical' control group would
enhance the experimental design of studies 1 and 2, and help clarify the issue of
performance decrements on executive function measures in OCD subjects.
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T h e sample size of the Remitted O C D group in the final two studies was
limited (n = 11), which diminishes the ability to detect differences among the
groups. It is therefore, possible to argue that true between-group differences in

executive functions were masked. Generally, it is assumed that the larger the sample
size the greater the likelihood of obtaining a significant result. This is based on
belief that larger sample sizes provide more accurate estimates of the actual
population (Cozby, 1997). Furthermore, with the inclusion of small sample sizes, it
is possible that the group may not be representative of the Remitted OCD
population. It is acknowledged that the conclusions could be generalised to the
population with more certainty, had larger numbers been employed. Thus, future
research would benefit from studies replicating these findings with larger sample
sizes.

Study 5 (chapter 8) was unable to determine whether the exaggerated
inhibition impairment observed for threat-related stimuli, was the result of
overactive cognitive schemas or anxiety provoked by the schemas. Future research
would benefit from a study that attempted to clarify this issue. This would involve

alternating the presentation of threat and non-threat words in the inhibition parad
used in this thesis. It would be expected that if anxiety were the cause of the
exaggerated inhibitory deficit, then impaired inhibition would be expected for both
threat and non-threat stimuli. However, if the cognitive schema were the cause of
the exaggerated inhibitory deficit, then impaired inhibition would only be expected
for threat stimuli. Determination of this would have consequences for treatment
strategies adopted with OCD. For example, if anxiety was determined to be the
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cause, then it is suggested that treatment would include teaching anxiety
management strategies that are potentially more behavioural in nature.
Alternatively, if overactive cognitive schemas were determined to be the underlying
cause of the exaggerated inhibitory deficit, then cognitive strategies would be
utilised in an attempt to alter these beliefs.

As identified in chapter 1.2, the literature has indicated that OCD is a
heterogenous disorder with some researchers postulating that distinct clinical
subgroups exist, for example 'washers', 'checkers', or 'tic-related OCD'. Moreover,

it has been argued that existing discrepancies within the executive function literatu
regarding OCD may be accounted for by the possibility that subgroups of OCD
present with a specific profile of cognitive impairments. In light of this, future

research would benefit from an examination of deficits in facilitation and inhibition
in OCD samples, where obsessions, compulsions or tics predominate, in order to
determine whether such deficits distinguish the subgroups. For example, a subgroup

of OCD may exhibit inhibition deficits, another facilitation deficits, and another bot
facilitation and inhibition deficits. In particular, OCD individuals with 'pure
obsessions' may suffer an inhibition deficit, whilst individuals with predominantly
'checking' compulsions may suffer both inhibition and facilitation anomalies.
Given that the studies in this thesis did not aim to examine large homogenous
subgroups of OCD (i.e. based on symptom clusters) on executive function measures,
statistical analyses of these subgroups, according to obsession and compulsion
categories on the Y-BOCS, was not undertaken. Determining subgroups of OCD
would help reconcile the inconsistent literature in executive functioning.

230

Neuroimaging technologies such as f M R I can be utilised in future research to
examine the processes of facilitation and inhibition, and in so doing answer a
number of pertinent questions generated by this thesis. The use of fMRI technology
could examine the brain structures involved in the processes of inhibition and
facilitation. Second, this technology could be utilised to confirm whether OCD
patients exhibit abnormalities in these structures. Third, fMRI can be conducted
pre- and post-treatment modalities to determine any direct changes in the brain

regions implicated in facilitation and inhibition. Fourth, fMRI indices of facilitati
and inhibition can be utilised with populations at-risk for the development of OCD.
This would not only contribute to understanding the premorbid trait markers of the
disorder, but would also allow researchers to assess the significance of specific
treatment modalities seeking to address the underlying mechanisms responsible for
these processes.

9.5 Conclusions
Collectively, this thesis aimed to address several key questions that required
clarification within the executive function literature of OCD. It provided empirical
evidence that OCD subjects suffered executive function deficits and these deficits
were stable through the course of the disorder. Experimental paradigms were
devised to examine facilitation and inhibition separately, and it was demonstrated
that OCD subjects suffered anomalies in both. Finally, this thesis found that threatrelated words amplified inhibition impairments in OCD, and interfered with normal
inhibition functions amongst another anxiety disorder (PD). Thus, abnormal
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inhibition and facilitation were specific to O C D and m a y be considered trait
markers, whereas overactive threat-related cognitive schemas have an important role
in the maintenance and remission of symptomatology. These results have
significant implications for understanding potentially the aetiology and maintenance
of OCD symptoms, treatment strategies, and relapse patterns. It therefore,

contributes new findings to the literature and enhances the theoretical understanding
of the underlying mechanisms that relate to the psychopathology of this clinical
condition.
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Chapter 11. Appendix

11.1 Appendix A
The word list completed by subjects for use in the inhibition and facilitation
paradigms is presented below.

Instructions: For numbers 1 to 31, circle the response that best represents h o w
you feel about the word. Circle only one response for each word.
Extremely Pleasant Slightly Neutral Slightly Unpleasant Extremely
Pleasant
Pleasant
Unpleasant
1
2
3
4
5
6

Unpleasant
7

harm

I

2

3

4

5

6

7

plate

I

2

3

4

5

6

7

faint

I

2

3

4

5

6

7

poison

I

2

3

4

5

6

7

5.

pet

I

2

3

4

5

6

7

6.

faeces

l

2

3

4

5

6

7

7.

pasture

1

2

3

4

5

6

7

8.
9.
10.
11.
12.

garbage

1

2

3

4

5

6

7

dizzy

1

2

3

4

5

6

7

germs

1

2

3

4

5

6

7

anxious

1

2

3

4

5

6

7

blanket

1

2

3

4

5

6

7

13. coffin
14. button

1

2

3

4

5

6

7

1

2

3

4

5

6

7

15. panic

1

2

3

4

5

6

7

16.
17.
18.
19.

guilt

1

2

3

4

5

6

7

dirt

1

2

3

4

5

6

7

locked

1

2

3

4

5

6

7

blood

1

2

3

4

5

6

7

1.
2.
3.
4.

284

20.
21.
22.
23.
24.

tumour

25.
26.
27.
28.
29.
30.
31.

1

crazy
check

2
2
2

3

4

5

6

7

3

4

5

6

7

3

4

5

6

7

pause

I

2

3

4

5

6

7

sex

I

2

3

4

5

6

7

cancer

1

2

3

4

5

6

7

fear

1

2

3

4

5

6

7

door

1

2

3

4

5

6

7

record

1

2

3

4

5

6

7

disease

1

2

3

4

5

6

7

toilet

1

2

3

4

5

6

7

death

1

2

3

4

5

6

7

