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Abstract

Odbjective: To investigate spatial recognition abilities and working memory in obsessive—compulsive disorder (OCD)
patients grouped according to their primary symptom dimensions. Memory has always occupied a central position in
OCD research, mainly because of the notion that faulty memory processes conld mediate many of the repetitive compunl-
sive rituals. However, the role of different memory systems is not yet fully understood.

Methods: There were 68 OCD patients and 65 healthy controls who completed two tasks from the Cambridge Neu-
ropsychological Test Automated Battery (CANTAB); a) spatial recognition memory, b) spatial working memory.
Standard clinical and psychological background measures were also employed.

Results: The OCD patients were impaired in spatial recognition memory whereas spatial working memory was spared
regarding performance accuracy. Selective deficits in visuospatial recognition memory were associated with patients in all
symptom dimensions while patients in the dimension contamination were the only ones impaired in both recognition ac-
curacy and recognition tine.

Conclusion: 1t is suggested that spatial memory impairments may be secondary to an inability to apply efficiently elabo-
rated attentional and goal-oriented strategies as part of the executive system to support visuospatial recognition menmory
in addition to experiences of incompleteness. The clinical relevance of the findings is discussed (German | Psychiatry
2011; 14: 1-12).
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Introduction tress and anxiety or performed according to rigid rules

(American Psychiatric Association, 2000). Memory was one

of the first cognitive functions that were studied in OCD

) because of the assumption that impairments could explain

bsessive—compulsive disorder (OCD) is a disabling why OCD patients had the urge to repeatedly carry out
mental disorder characterized by recurrent, intru- checking rituals in their own homes. It was generally found

_ ~ sive thoughts and repetitive z.md stereotypical r1tu9.115 that memory for action was impaired (e.g., Sher et al., 1983)
either in response to the obsessions in order to reduce dis-
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and more recently it has similarly been suggested that epi-
sodic memory, referring to personal recollection of events in
the past, appears to be the type of memory process most
relevant to OCD (Muller & Roberts, 2005). Episodic mem-
oty can be broken down into verbal and non-verbal, work-
ing, and visuospatial, and cognitive tasks typically assess
recall and recognition performance. There are several impor-
tant considerations to take into account when trying to make
sense of how the obsessional thoughts and the repetitive
nature of compulsions in OCD could be related to memory
problems. First, many OCD rituals such as washing and
checking are performed because patients feel they have not
carried them out propetly (Muller & Roberts, 2005) and this
is linked to the Gust right’ hypothesis (Leckman et al., 1994),
premonitory urges (Leckman et al, 1993) ‘not just right’
experiences (Coles et al., 2005) and ‘incompleteness’ experi-
ences (e.g., Ecker & Goénner, 2008). Second, a memory defi-
cit and/or a lack of confidence in one’s ability to remember
can possibly account for checking behavior (e.g., Sher et al.,
1983). Third, it has been documented that decreased mem-
ory confidence may be triggered under conditions of high
responsibility for the outcome of a check (e.g., Radomsky et
al., 2001). Finally, obsessional doubt, linked to not having
carried out a check correctly, and possibly sub-served by
anxiety, could also account for repetitive compulsive actions
(Muller & Roberts, 2005). On the contrary, reality monitor-
ing, that is, the inability to distinguish between real and imag-
ined events appears to be intact in OCD (Constans et al.,
1995). Repeated checking has been found to make the actual
checking event less vivid triggering repetitive compulsions to
reach satisfaction, which may also implicate deficits in atten-
tional processing (van den Hout & Kindt, 2003). The ab-
sence of feelings of satisfaction can also be understood from
an emotional point of view, that a check (turning off
switches) or the perception of an event (arranging furniture
in exact positions) were not satisfactorily carried out because
of the urge to reach perfection or certain standards (Ecker &
Gonner, 2008) and this is what has been labelled ‘not just
right” experiences (Coles et al., 2005) and triggers repetitive
compulsive behavior to reach §ust right’ experiences (Sum-
merfeldt et al., 2004b). It is evident that memory impair-
ments in isolation cannot account for many of the OCD
rituals because the clinical picture appears very complex.

Neuropsychological performance in memory tasks do offer
some insight into the processes that could account for the
repetitive nature of compulsive behavior because findings do
not point towards a memory impairment per se, but the
problem in OCD appears to be the failure to adopt appro-
priate organizational strategies to support memory, and
impairments on tasks assessing verbal and non-verbal mem-
ory have been postulated to involve deficits of the executive
functions (e.g., Deckersbach et al., 2000; Moritz et al., 2003;
Savage et al., 1999). On the other hand, verbal memory has
been found to be unimpaired in OCD when spontaneous
strategies are generally not required (Christensen et al., 1992;
Martin et al., 1995; Mataix-Cols et al., 1999) and impaired
when the presented stimuli are requited to be semantically
clustered to enhance encoding and later support the retrieval
process, such as on the California Verbal Learning Test
(CVLT; Delis et al., 1987) (Cabrera et al., 2001; Deckersbach
et al., 2000; Savage et al., 2000). Similarly, performance on

the Rey-Osterrieth Complex Figure Test (RCEFT; Osterrieth,
1944), probing visuospatial non-verbal memory skills, where
complex line information must be organized from a stimulus
card and later redrawn from memory, has also revealed defi-
cits in OCD (Deckersbach et al., 2000; Lacerda et al., 2003;
Savage et al.,, 1999). However, the results are inconsistent
because intact performance in OCD has also been reported
on the CVLT (Bédard et al., 2009; Burdick et al., 2008; De
Geus et al., 2007) and the RCFT (Bédard et al., 2009; Simp-
son et al., 2000).

The computerized memory tasks Spatial Recognition Mem-
ory (SRM; Sahakian et al., 1988) and Spatial Working Mem-
ory (SWM; Owen et al, 1990) were administered in the
current study. They examine non-verbal memory processes
and successful performance have been claimed to rely on the
use of self-ordered strategies (Chamberlain et al., 2005; Ru-
bies et al., 2001). On the SRM most studies have only re-
ported recognition accuracy as a performance variable and
findings point towards a reliable impairment in OCD (Bar-
nett et al., 1999; Dittrich et al., 2010b; Nedeljkovic et al.,
2009; Nielen & den Boer, 2003; Purcell et al., 1998a, b) while
one study did not find a deficit (Watkins et al., 2005). Rec-
ognition time has been found to be both impaired (Watkins
et al., 2005) and intact (Purcell et al., 1998b). The perform-
ance in OCD on the SWM is somewhat more mixed because
OCD patients have been reported to make more errors
when searching for tokens that are hidden in different spatial
locations (Chamberlain et al., 2007; Dittrich et al., 2010b;
Nedeljkovic et al., 2009; Purcell et al., 1998a, b) while similar
performances to healthy controls have also been found
(Barnett et al., 1999; Nielen & den Boer, 2003; Simpson et
al., 2006). One study has systematically investigated the
performance for patients in different symptom dimensions
and found on the SRM that recognition accuracy was im-
paired in obsessional patients while the error rates on the
SWM was impaired in checkers and patients with a mixed
obsessive-compulsive (OC) symptom profile (Nedeljkovic et
al., 2009). The performances of OCD patients on these
cognitive tasks have been inconsistent, which may be due to
the heterogeneity of OC symptoms. Unfortunately, hetero-
geneity has not been taken into account in Nedeljkovic et
al.’s (2009) otherwise promising study but spoiled by over-
lapping or unclear grouping criteria for OCD sub-typing.
Therefore, in the current study Mataix-Cols et al.’s (2005)
approach has been followed and only patients in clearly
defined and temporally stable symptom dimensions have
been included.

Similarly, behavioral treatment approaches to OCD have
started to recognize the heterogeneity in symptoms and the
importance of developing symptom specific techniques (e.g.,
McKay et al., 2004). Models to explain the underlying moti-
vations for different OC dimensional symptomatology have
been proposed (e.g., Summerfeldt et al., 2004a), which in
turn can make useful recommendations to develop new
rehabilitation techniques. In essence, two motivational fac-
tors have been suggested to be involved in selective OC
symptom dimensions (Ecker & Goénner, 2008; Summerfeldt
et al., 2004a). They are ‘harm avoidance’ (e.g., locking the
door to prevent a break-in) and ‘incompleteness’ (e.g., re-
arranging books on a shelf). Research shows that symme-
try/otdeting symptoms are motivated by ‘incompleteness’
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while checking (safety, aggression) is associated with both
‘incompleteness’ and ‘harm avoidance’, but contamination
symptoms with neither ‘incompleteness’ nor ‘harm avoid-
ance’ (Ecker & Gonner, 2008). Feelings of ‘incompleteness’
appear to be most integral to patients in the dimension
symmetry/order whereas ‘harm avoidance’, thought to trig-
ger checks to prevent a fire or break-in, to be most relevant
to patients in the dimensions safety and aggression. More-
over, subsequent checking catried out by patients in all three
symptom dimensions can for different reasons be motivated
by a sense of dissatisfaction. Although these are clinical
approaches to understand and explain OC symptomatology,
the neuropsychological approach has the ability to test
whether these assumptions can be elucidated in cognitive
task performances. For example, the notion that a sense of
‘incompleteness’ is associated with patients in the dimension
symmetry/order can be tested with the SRM and the SWM
because performances rely on the ability to integrate and
organize visual stimuli. It has also been recognized that the
SRM and SWM depend on processing in the dorsolateral
prefrontal cortex (DLPFC) (Owen et al, 1996) and this
study therefore examined specifically whether visuospatial
memory is mediated by impairments in executive strategy
failures.

It was hypothesized that the OCD patients compared to the
healthy controls would be impaired in the number of spatial
locations recognized on the SRM. For the SWM it was pre-
dicted that the OCD patients would make more between-
search errors compared to the healthy controls. It was fur-
ther predicted that patients in the symptom dimensions
safety, aggtession and symmetry/otrder would be most im-
paired in spatial locations recognized on the SRM and be-
tween-search errors on the SWM compared to patients in
the dimensions contamination and sexual/religious and the
healthy control group.

Methods

Participants

There were 68 OCD patients (43 female, 25 male) meeting
criteria for a DSM-IV-TR (American Psychiatric Association,
2000) diagnosis and 65 healthy controls (44 female, 21 male)
who participated. The OCD patients who volunteered to
take part were recruited from a specialist out-patient mental
health center at a hospital in the South-East of England.
Mean age in the OCD group was 42.1 years (standard devia-
tion (SD) = 12.8) compared to 38.0 years (SD = 14.6) in the
healthy control group. At the time of testing 61 OCD pa-
tients received stable doses of selective serotonin reuptake
inhibitor (SSRI) medication such as paroxetine, citalopram,
fluvoxamine, fluoxetine and sertraline. These SSRIs are
commonly prescribed for individuals who suffer from OCD.
The remaining seven had been free from psychotropic medi-
cation for at least six months prior to taking part in the
study. The OCD patients who presented with a co-morbid
DSM-IV-TR Axis I diagnosis, current or history of alcohol

or other substance abuse, neurological illness, head injury,
Tourette’s syndrome, tic-spectrum disorders, attention-
deficit/hyperactivity disorder, and schizo-obsessive disorder
wete excluded.

The healthy control group was matched to the OCD group
according to gender, handedness, age, years in formal educa-
tion, and predicted verbal 1Q. The healthy participants who
volunteered to take part were recruited from the University
of Hertfordshire, staff members of the hospital with the
mental health center as one of its departments and the gen-
eral Hertfordshire population by newspaper and posted
advertisements. Exclusion criteria for the healthy control
group constituted not having experienced current or past
history of DSM-IV-TR Axis I disorders according to as-
sessment with the Mini International Neuropsychiatric In-
terview (MINI; Sheehan et al., 1998).

The OCD patients were grouped into their primary symp-
tom dimension on the basis of their current primary obses-
sions and/or compulsions assessed by the Dimensional
Yale-Brown  Obsessive-Compulsive  Scale  (DY-BOCS;
Rosatio-Campos et al., 2000), which is a standardized in-
strument to evaluate the presence and severity of obsessions
and compulsions for patients in different symptom dimen-
sions. Detailed hospital case notes for each patient were also
consulted to confirm or disconfirm the primary symptom
dimension established by the DY-BOCS at the time of re-
cruitment. If conflicts arose between the DY-BOCS group-
ing and the hospital case notes for a particular patient, the
primary symptom dimension was decided upon after con-
sulting the psychiatrist treating the patients. The OCD pa-
tients were categorized in five OC symptom dimensions
according to the DY-BOCS interview. In this study the DY-
BOCS symptom dimension ‘obsessions about harm due to
aggression/injury/violence/natural disasters and related
compulsions’ has been further divided into two sub-
dimensions related mainly either to idiocentric (self-related
safety) or allocentric (aggression) obsessions and compul-
sions. Aggression in the dimension aggression is used in the
sense of directed to others, whereas aggression in the dimen-
sion safety is inferred through the concerns related to the
protection of self. These two dimensions are what the OCD
literature would normally label as classical ‘checkers’. The
following OC symptom dimensions were established from
the patient sample:

1)  obsessions about harm due to  aggres-
sion/injuty/violence/natural disasters predominantly
to themselves including an urge to feel safe and pro-
tect the self and related compulsions (safety, n = 22)

2)  obsessions about harm due to  aggres-
sion/injuty/violence/natural disasters predominantly
to family members and others and related compul-
sions (aggression, n = 0)

3)  obsessions about symmetty/’just-right’ petceptions
and compulsions to count or ordet/arrange (symme-
try/order, n = 14)

4)  contamination obsessions and cleaning compulsions
(contamination, n = 21)
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5) obsessions concerning sexual/moral/religious and
related compulsions (sexual/religious, n = 5)

The study was approved by the Hertfordshire Partnership
NHS Trust Local Research Ethics Committee, UK. Data in
this manuscript were obtained according to the Helsinki
Declaration.

Design

The experimental study used a mixed design, with the be-
tween-subjects factor group (OCD or OC symptom dimen-
sions/healthy controls) and the within-subjects factor for the
SWM task was difficulty level (4/6/8 box-search problems).

Materials

The clinical and psychological testing measures and the two
neuropsychological tasks administered in the current study
are separately described below.

Clinical and psychological testing

The severity of OCD was quantified with the Yale-Brown
Obsessive-Compulsive Scale (Y-BOCS; Goodman et al,
1989) and the extended clinical interview was supplemented
with the MINI. Depression mood was quantified with the
Montgomery-Asberg Depression Rating Scale (MADRS;
Montgomery & Asberg, 1979) and anxiety was assessed with
the State-Trait Anxiety Inventory (STAI; Spielberger et al.,
1983). Cognitive Assessment Instrument of Obsessions and
Compulsions (CAIOC-18, 18-item version) evaluated the
cognitive and executive impairments that are hypothesized
to underpin the impact of OCD symptoms on functioning
(Dittrich et al., 2010a, 2011a). Obsessive-compulsive person-
ality symptoms were rated with the Compulsive Personality
Assessment Scale (CPAS; Fineberg et al., 2007) and psycho-
social impairment was quantified with the Sheehan Disability
Scale (SDS; Sheehan et al., 1996). The Locus of Control
(LoC; Rotter, 19606) scale assessed the extent to which indi-
viduals believe that they can control events that affect them.
Predicted verbal 1QQ was estimated using the National Adult
Reading Test (NART; Nelson, 1982). The healthy control
group was administered the same clinical and psychological
background measures as the patient group.

Neuropsychological tasks

The CANTAB (Cambridge Cognition, 2006) SRM task
presents the participants with a forced-choice paradigm. A
white square appears one at a time for three seconds on a
computer screen in a sequence at five randomly different
locations in the presentation phase. In the recognition phase
the five squares are presented on the screen individually, but
in the reversed order to the original presentation phase. This
time, each square is paired with one which is in a place not
previously seen in the presentation phase. The participants
must touch the square that was in the same place as seen in
the presentation phase, and avoid touching the incorrectly

positioned square. The task consists of four blocks each with
five new locations. Dependent variables were mean percent-
age of correct spatial locations recognized for the 20 trials
and mean correct latency (or recognition time) to choose the
spatial locations in the recognition phase.

The CANTAB SWM task is a self-ordered test that requires
the participants to search for blue tokens hidden inside an
array of boxes. The participants use a touch screen to select
the box they want to open and once a token is found, they
place it in a column area called home’ on the right hand side
of the screen. Then a new token is hidden in a different box
because the token never appears in the same box twice dur-
ing the same search sequence and the number of tokens to
be found corresponds to the number of boxes on the screen.
The trial is completed when a token has been found in each
box. Four practice trials wetre given each with three boxes
and the assessed trials included four blocks of 4, 6 and 8
boxes. The total number of between-search errors (returning
to a box where a token has already been found during the
same trial) at the 4, 6 and 8 box difficulty levels were calcu-
lated. Strategy scores were also obtained indicating how
often a search sequence was initiated from the same box in
each trial and reflect the ability to use a systematic searching
approach. Strategy scotes ranged from 1-37 and lower scotes
indicate supetior use of self-ordered strategies to optimize
performance. Mean correct search latency was also assessed.

Procedure

On the day of testing during the clinical interview the pa-
tients were screened with the MINI to exclude past and
present history of mental problems. During the same ses-
sion, ratings of OCD severity (Y-BOCS), depression
(MADRS), OC personality (CPAS), predicted verbal 1Q
(NART) and the primary OC dimensional symptom profiles
of the patients (DY-BOCS) were established. The self-rated
background questionnaires STAIL, CAIOC, SDS and the LoC
were either completed on the day of recruitment or at home
and posted back using a pre-paid envelope. In total the clini-
cal interview and the administration of the tasks took 1h and
30 minutes to complete. The healthy control participants
were rated on clinical measutres (Y-BOCS, MADRS, CPAS)
and the NART. The self-rated clinical and psychological
measures (STAIL, CAIOC, SDS, LoC) were completed on the
day of testing. The neuropsychological tasks were adminis-
tered in a quiet room in the hospital clinic or at the Universi-
ty of Hertfordshire.

Data Analysis

The data were analyzed using the Statistical Package for the
Social Sciences version 16.0 (SPSS Inc., 2008). The categori-
cal variables gender and handedness were subject to Pearson
chi-square analyses. The data from the clinical and psycho-
logical measures were analyzed with independent-samples t
tests (OCD and healthy control group) and one-way analysis
variance (ANOVA; patients in OC symptom dimensions and
healthy control group). The data from the neuropsychologi-
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Table 1. Gender and handedness characteristics in the
OCD and healthy control group

OCD Healthy
(n=68) controls
(n = 65)
Variable Frequency Frequency X-test
Gender (F : 43:25 44 : 21 n.s.
M)
Hand (right : 57 : 11 59:6 n.s.
left)

Note. OCD, Obsessive—Compulsive Disorder; Degrees of
freedom (df; Xz-test) =1

cal task performance were submitted to repeated-measures
ANOVA and one-way ANOVAs. Post-hoc least significant
difference tests were performed to follow up main effects.
All statistical tests were two-tailed and the significance level
alpha was set at 0.05. The pattial eta squared (I]%,) was used
as an effect size measure, which indicates the proportion of
total variability attributable to a factor. A I]%, of .01 is consi-
dered a small effect size, .059 a medium effect size and =
138 a large effect size (Cohen, 1988). In the OCD group,
correlations between the Y-BOCS, MADRS, STAlI-state,
STAI-trait, CAIOC and the neuropsychological task meas-
ures were examined using Pearson product-moment correla-
tion. A logarithmic (Base 10) transformation was performed
for the SRM and SWM latency scores to reduce skewness
and improve normality. For readability it was decided to
display the untransformed scores in tables and figures while
the statistics for transformed data were reported in the text
because for all comparisons statistical analysis of both scores
were consistent with each other.

Results

Demographic, clinical, and psychological
background measures

The OCD and the healthy control group did not differ on
the demographic variables gender and handedness (Table 1).

The two groups did not differ significantly in age, education,
and predicted verbal IQ but the OCD patients scored signif-
icantly higher than the healthy controls on the clinical and
psychological measures (Table 2).

The patients in the OC symptom dimensions and the healthy
control group did not differ on the demographic variables
gender and handedness (Table 3).

The patients in the symptom dimensions and the healthy
control group did not differ in age, years in formal educa-
tion, and predicted verbal 1Q, while, as expected, patients in
all symptom dimensions had significantly higher scores on
the clinical measures compared to the healthy controls (p <
.001 for all; Table 4). On the SDS, patients in the symptom
dimensions scored significantly higher than the healthy con-
trol group (p < .01 for all) and in addition, patients in the
dimension symmetry/order obtained significantly higher
scores comparted to patients in the dimension sex-
ual/religious (p = .038). On the LoC, the healthy control
group endorsed fewer external control of event statements
compared to patients in the dimensions aggression (p =
.032), symmetry/otrder (p = .042) and sexual/religious (p =
.028).

Neuropsychological performance: SRM

Two independent-samples t tests were conducted to examine
the performance in the OCD and healthy control group for
mean percentage of correct locations recognized and mean

Table 2. Clinical and psychological background characteristics in the OCD and healthy control group

OCD Healthy controls
(n =68) (n =65)

Variable Mean SD Mean SD t-test
Age (years) 421 12.8 38.0 14.6 n.s.
Education (years) 3.9 2.8 4.0 2.0 n.s.
Verbal 1Q 115.3 5.1 115.8 5.9 n.s.
Y-BOCS (max 40) 18.8 7.2 24 21 17.636**
MADRS (max 60) 13.7 7.5 3.4 29 10.353***
STAl-state (max 40) 51.3 14.4 324 10.2 8.733**
STAlI-trait (max 40) 56.2 11.5 36.8 9.5 10.568***
CAIOC (max 108) 61.7 19.7 28.1 14.5 11.140**
CPAS (max 32) 14.8 5.9 6.1 3.4 10.478***
SDS (max 30) 16.1 7.6 3.5 4.8 11.435***
LoC (max 23, external) 134 3.8 11.6 3.1 2.911*

Note. CAIOC-18, Cognitive Assessment Instrument of Obsessions and Compulsions; CPAS, Compulsive Personality As-
sessment Scale; LoC, Locus of Control; MADRS, Montgomery-Asberg Depression Rating Scale; OCD, Obsessive—
Compulsive Disorder; SD, Standard Deviation; SDS, Sheehan Disability Scale; STAI, State-Trait Anxiety Inventory; Y-
BOCS, Yale-Brown Obsessive Compulsive Scale; df (t-test) = 131; ***p < .001; **p < .01
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Table 3. Gender and handedness characteristics for patients in the OC symptom dimensions (SA, safety; AG, ag-
gression; SO, symmetry/order; CO, contamination; SR, sexual/religious) and healthy control group (HC)

SA AG SO CcO SR HC
(n =22) (n=6) (n=14) (n=21) (n=5) (n = 65)
Variable Frequency Frequency Frequency Frequency Frequency Frequency X°-test
Gender (F : 12:10 3:3 10:4 16:5 2:3 44 : 21 n.s.
M)
Hand (right : 19:3 11:3 6:0 17 : 4 4:1 59:6 n.s.
left)

Note. df (X*-test)= 5

correct latency. The OCD patients (Mean (M) = 77.8%, SD
= 11.0) recognized significantly fewer correct locations
compared to the healthy controls (M = 84.5%, SD = 9.1), t
(131) = 3.811, p < .001. For latency, the OCD patients (M =
2942 milliseconds (ms), SD = 1044) took significantly longer
to recognize the spatial locations than the healthy controls
(M = 2281 ms, SD = 637), t (131) = 4.308, p < .001.

Two one-way ANOVAs were conducted to examine the
performance for recognition accuracy and recognition time
for patients in the symptom dimensions and the healthy
controls. The one-way ANOVA for recognition accuracy
(Figure 1) was significant, F (5, 127) = 3.446, p = .000, I]%, =
.119. Post hoc tests revealed that patients in the dimensions
aggression (M = 75.8%, SD = 8.6; p = .048), contamination
M = 75.7%, SD = 13.0; p = .001) and sexual/religious (M =
75.0%, SD = 8.6; p = .046) performed worse than the
healthy control group (M = 84.5%, SD = 9.1).

The one-way ANOVA for recognition time (Figure 2) was
significant, F (5, 127) = 3.812, p = .003, I]%, = .130. Post hoc
tests indicated that patients in the dimensions safety (M =
3094 ms, SD = 1220; p < .001), symmettry/order (M = 3059
ms, SD = 1296; p = .007) and contamination (M = 2844 ms,
SD = 799; p = .006) had significantly longer recognition
times than the healthy controls (M = 2281 ms, SD = 637).

Neuropsychological performance: SWM

A repeated-measures ANOVA was conducted to compare
the performance in the OCD and healthy control group in
between-search errors at the 4, 6 and 8 box difficulty levels.
Results revealed an expected main effect for difficulty level,
F (2, 130) = 154.215, p < .001, I]?, = .703, indicating that
the participants made more errors when the level of difficul-
ty increased. However, the level of difficulty did not interact
with the group performances. The mean between-search
errors in the OCD group (4 boxes: M = 1.2, SD = 2.0; 6
boxes: M = 7.4, SD = 7.2; 8 boxes; M = 18.6, SD = 12.2)
and healthy control group (4 boxes: M = 0.8, SD = 1.7; 6
boxes: M = 5.9, SD = 6.3; 8 boxes; M = 18.3, SD = 12.2)
were broadly similar. The mean correct search latency in the
OCD patients (M = 937 ms, SD = 441) was significantly
longer compared to the healthy controls (M = 780 ms, SD =
277), t (131) = 2.404, p = .018. An independent samples t-
test confirmed that the strategy score for the OCD patients
M = 32.7, SD = 6.4) did not differ to that of the healthy
control group (M = 32.8, SD = 5.4).

Table 4. Clinical and psychological characteristics for patients in the OC symptom dimensions (SA, safety; AG,
aggression; SO, symmetry/order; CO, contamination; SR, sexual/religious) and healthy control group (HC)

SA AG SO Cco SR HC

(n = 22) (n=6) (n = 14) (n=21) (n=5) (n = 65)
Variable Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD F-value
Age 43.4 13.1 40.8 16.6 40.8 14.8 41.5 10.9 43.8 12.4 38.0 14.6 n.s.
Educa- 4.1 2.3 3.0 2.7 4.3 3.7 3.9 2.9 2.6 2.9 4.0 2.0 n.s.
tion
Verbal 1141 2.8 115.2 4.3 115.0 6.3 116.9 6.5 114.6 4.2 115.8 5.9 n.s.
1Q
Y-BOCS 18.2 59 21.3 7.0 18.6 8.6 19.6 8.3 15.0 3.3 2.4 2.1 63.471**
MADRS 134 75 15.8 8.4 16.0 8.7 12.5 6.8 114 5.6 3.4 29 22.624***
STAI- 51.7 15.6 52.2 15.2 50.1 15.7 51.2 13.7 52.6 11.7 324 10.2  14.860***
state
STAI- 56.0 11.8 59.2 12.1 55.3 15.2 56.2 10.1 55.8 3.6 36.8 9.5 21.869***
trait
CAIOC 60.6 16.7 68.7 15.4 66.1 23.2 61.3 21.8 47.8 15.0 28.1 145 26.082***
CPAS 13.2 5.6 18.3 4.1 16.7 5.7 14.8 6.6 12.6 3.9 6.1 3.4 24.654**
SDS 15.8 7.0 16.0 7.9 18.1 8.6 16.3 8.2 11.2 3.5 3.5 4.8 27.142***
LoC 12.6 3.7 14.8 4.5 13.7 2.9 13.1 4.2 15.2 3.4 11.6 3.1 2.443*

Note. CAIOC-18, Cognitive Assessment Instrument of Obsessions and Compulsions; CPAS, Compulsive Personality As-
sessment Scale; LoC, Locus of Control; MADRS, Montgomery-Asberg Depression Rating Scale; SD, Standard Deviation;
SDS, Sheehan Disability Scale; STAI, State-Trait Anxiety Inventory; Y-BOCS, Yale-Brown Obsessive Compulsive Scale;
df (one-way ANOVA) = 5,127; ***p < .001; *p < .05
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Table 5. Means (M) and standard deviations (SD) of the SWM measures for patients in the OC symptom dimen-
sions (SA, safety; AG, aggression; SO, symmetry/order; CO, contamination; SR, sexual/religious) and healthy

control group (HC)

SA AG SO CcoO SR HC
(n=22) (n=86) (n=14) (n=21) (n=5) (n = 65)
Variable M SD M SD M SD M SD M SD M SD F- N%
value

Errors 4 1.6 2.3 0.3 0.5 0.7 1.2 1.5 25 0.6 0.9 0.8 1.7 n.s. .045
boxes

Errors 6 8.4 8.2 2.3 2.6 7.6 3.7 7.2 8.5 9.0 7.4 5.9 6.3 n.s. .042
boxes

Errors 8 17.7 12.5 17.8 11.0 18.4 8.8 19.0 147 220 125 18.3 12.2 n.s. .004
boxes

Strategy 33.0 7.0 33.0 4.5 334 5.8 31.2 7.0 35.0 5.1 32.8 54 n.s. .018
Latency 1093 593 807 181 835 337 885 345 912 439 780 277 2.066 .075
(ms)

Note. ms, milliseconds; df (one-way ANOVA) = 5,127

The means and standard deviations of the SWM task meas-
ures are displayed in Table 5. A repeated-measures ANOVA
was conducted to examine the number of between-search
errors for patients in the OC symptom dimensions and the
healthy control group and results revealed the expected main
effect for difficulty level, F (2, 126) = 78.935, p <.001, I]%, =
.556, but no group and difficulty level interaction was identi-
fied. A one-way ANOVA for the search latency was ap-
proaching significance, F (5, 127) = 2.066, p = .074, and
further post hoc analysis revealed that patients in the dimen-
sion safety had longer latencies compared to the healthy
controls (p = .002).

Correlation analysis

In the OCD group, the Y-BOCS, MADRS, STAlI-state,
STAI-trait and CAIOC did not correlate with any of the
memory task characteristics. Within the SRM, a significant
negative correlation was found between the transformed
latency variable and recognition accuracy, t (68) = - .30, p =
.013. A significant positive correlation was also found be-
tween the transformed latency scores on the SRM and SWM,
 (68) = .55, p <.001.

Discussion

The results of this study confirmed that the OCD patients
were impaired in both recognition accuracy and recognition
time on the SRM and in search latency on the SWM. On the
SRM, the performance for patients in the different symp-
toms dimensions revealed impairments in recognition accu-
racy for patients associated with the dimensions aggression,
contamination, and sexual/religious, while patients asso-
ciated with the dimensions safety, symmetry/order and
contamination were impaired in recognition time. In con-
trast, patients in the different symptom dimensions per-
formed to the same standard as healthy controls in terms of
between-search errors on the SWM, while search latency in
patients with safety concerns was impaired compared to the
healthy controls. The hypothesis that the OCD patients

would be impaired in remembering the spatial locations on
the SRM was confirmed, but not the predicted impairment
on the SWM. For the symptom dimensions, the hypothesis
that patients in the dimension aggression would be impaired
in recognition accuracy on the SRM was confirmed, but not
the predicted impairment on the SWM.

The present results support a visuospatial memory impait-
ment in OCD which appears to be mediated by executive
function deficits (Hodgson et al., 1999), supported by the
fact that performances on the SRM tap processing in the
DLPFC, a brain area thought to reflect executive processing
(Owen et al, 1996). Decision-making often depends on
intact memory processes and it has been argued that working
memory plays a crucial role insofar as representations of
various options and scenarios in decision-making are held
online over a period (Baddeley, 1992; Goldman-Rakic, 1992).
Baddeley’s influential model of working memory consists of
three elements; the articulatory/phonological loop, the visu-
ospatial sketch pad, and the executive control system
(Baddeley, 1986). Rather than purely an immediate store for
incoming information, working memory is seen as part of a
modulated system, which is instead controlled by the central
executive. It is suggested here that working memory as part
of the executive system is necessary for decision-making
(e.g., Dittrich et al., 2011b; Hodgson et al., 1999). In this
sense, the link between memory impairments and putely
executive dysfunctions is highly interesting as elucidated in
the current study. More specifically, the difference between
the SWM and the SRM tasks is that on the SWM the partici-
pants have to keep a representation of the spatial locations
when they make decisions about which boxes to search in,
while on the SRM the main task demand is to compare the
stimuli locations during the presentation phase (i.e. memo-
rized goal state) against those appearing in the recognition
phase. Optimal performance on the SWM is achieved if the
boxes found to be empty during the same search sequence
are internally represented because it is assumed that working
memory processes aid participants in making the correct
search decisions. This updating of spatial locations is needed
in order to avoid going back to previously empty boxes. The
memorty delays on the SWM are in the range of milliseconds
to 15 seconds depending on the speed of the search by the
participant. It is argued that in order to support intact per-
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working memory is continuously

Sexual/religious 75

Contamination 76
Symmetry/order 7
Aggression 76
Safety
OCD 78

Healthy controls

9

80

required while on the SRM
short-term memory, which has
components of working memo-
ry, is predominantly needed. The
visuospatial sketch pad is as-
sumed to be responsible for the
short-term storage of visual and
spatial information (Baddeley,
1992) and we argue that patients
in selective symptom dimensions
are impaired in the matching
process on the SRM because the
matching of internal spatial re-
presentations, most likely de-
pending on attentional respec-
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tively executive functioning, to
guide successful performance
throughout the task seems to be
impaired. Notwithstanding these

Figure 1. Mean correct recognition (%) of spatial locations in the healthy control
group and patients in the OC symptom dimensions (*p < .05; **p <.01; ***p < .001)

formance on the SRM a different kind of working memory
process, not primatily related to spatial processing in work-
ing memory, but more related to decision-making and execu-
tive functions may be involved. Therefore, the working
memory demands (i.e. attentional and goal-oriented
processes) that support intact performance on the SRM
seem different from SWM processing as simply demonstrat-
ed by task characteristics, for example, in SRM the memory
time is defined externally by the task setting and at least,
double the time as in SWM, up to a minute even (30-60
seconds). In order to make decisions in single cases about
which squares have been identified in which locations, it is
rather a question of comparing short term memory for old
and new locations. However, it might be difficult in individ-
ual cases to dissociate between short-term memory and
working memory processes. Consequently, on the SWM task

considerations about differences
in memorizing spatial informa-
tion, task differences warrant
further empirical testing as, in general, the role of different
memory processes and modules in such tasks are not yet
fully understood.

The current latency impairment on the SRM in the OCD
group confirms a similar finding reported by Watkins et al.
(2005). However, they argued that the optimal recognition
accuracy revealed in OCD in their study may reflect intact
DLPFC activity (Owen et al., 1996), but so far no study has
supported this claim, including the present findings and
earlier reports (Batnett et al., 1999; Nielen & den Boer, 2003;
Purcell et al, 1998a, b). Furthermore, the brain imaging
study in OCD by Mataix-Cols et al. (2004) needs to be con-
sidered following the findings in the present study. They
found during symptom provocation that patients in the
dimension contamination were associated with abnormal

activity in the ventromedial

Sexual/religious

prefrontal cortex, whereas
patients in the dimension
checking/ obsession (safety,
aggression) were associated
with abnormal dorsal pre-

Mean latency / milliseconds

Contamination 2844 —
frontal cortical and striatal
* % DR - ] 1
Symmetry/order 3059 — activity. These imaging re-
sults demonstrate that ab-
Aggression normal brain activity cannot
be assumed to reflect deficits
ok in cognitive information
Safety 3094 -

processing because on the
och soay X SRM, which depends on
DLPFC processing, patients
in the dimension contamina-
Healthy controls 2281 - = tion were impaired in both
j j " " " j j j ) recognition accuracy and
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latency, patients in the di-
mension aggression were
impaired in  recognition

Figure 2. Mean correct latency (milliseconds) of spatial locations in the healthy control
group and patients in the OC symptom dimensions (**p <.01; ***p < .001)

accuracy, and patients in the

safety showed

dimension
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deficits in latency on both the SRM and SWM. Following the
symptom provocation study it could be assumed that pa-
tients in the dimension contamination would be unimpaired
on the SRM, which indicates that cognitive processing and
symptom provocation processing may not directly comple-
ment each other. Furthermore, a different performance
profile between checkers in the dimensions safety and ag-
gression was found, which supports the notion that these
patients should be considered separately in neuropsychologi-
cal research.

It has been confirmed that symptom improvement in a
group of OCD patients, as measured by reduced scores on
the Y-BOCS following SSRI treatment, revealed that deficits
on the SRM, but not the SWM ameliorated (Nielen & den
Boer, 2003) implying that selective visuospatial deficits may
remain despite symptomatic improvement. Here it was
found that deficits in cognitive processing related to visu-
ospatial working and short-term memory seem to have me-
diated the impaired performance, because no direct associa-
tion between clinical symptoms and the SRM performance
was found.

The present findings do not support the results in
Nedeljkovic et al. (2009), who found checkers and patients
with mixed symptoms to be impaired on the SWM (errors)
and patients with obsessions only to be impaired on the
SRM (recognition accuracy). Considering that both studies
administered the same tasks, the different findings appear
surprising, but could be explained by study recruitment and
the basis for symptom dimension allocation of patients. The
present study employed a standardized questionnaire (DY-
BOCS) to group patients according to their primary symp-
tom concerns whereas the Y-BOCS symptom checklist was
used in Nedeljkovic et al. (2009). It is atgued that the Y-
BOCS symptom checklist may not reliably inform clinicians
about predominant symptom dimensions in a patient sample
because these are not systematically evaluated, which is in
contrast to the DY-BOCS where the severity of each dimen-
sion is independently quantified. Moreover, the symptom
dimensions appear on the face of it different, apart from the
contamination dimension, labelled washers in Nedeljkovic et
al’s study. Their dimension labelled checkers was in the
current study split into patients in the dimensions safety and
aggression and their obsessional patient group did not con-
stitute a dimension in the present study. The mixed symp-
tom group in Nedeljkovic et al. included patients with wash-
ing, checking and symmetry/order symptoms. Therefore,
comparison of results cannot be reliably attempted despite
administering the same tasks. It is argued that a much more
robust symptom dimensional approach (Henderson & Dit-
trich, 1993) is required, as adopted in the current study, in
which patients showing the most temporally stable dimen-
sions (checking, contamination and symmetty/order) as
identified in factor analytic studies (e.g., Mataix-Cols et al.,
2005) are recruited in order to reliably assess the neuropsy-
chological performance.

The impairment found for patients in the dimension aggtes-
sion in respect to recognition accuracy on the SRM would
seem to support the association with experiences of ‘incom-
pleteness’, that is, an inability to achieve closure for actions
and perceptions, thereby confirming the suggestions of

Ecker and Gonner (2008). However, this study also found
evidence for an ‘incompleteness’ deficit for patients in the
dimensions safety and symmetry/order, but these patients
were in the current study only impaired in recognition laten-
cy on the SRM, which seems to reflect a speed trade-off
strategy to avoid errors in order to verify their choices of
square location in the recognition phase or it could be that
these patients needed more time to integrate their percep-
tions, thus showing hesitancy in decision-making. In contrast
to other cognitive operations such as motor inhibition,
which has been suggested to be characterized by impulsivity
in OCD (Chamberlain et al., 2005), it was revealed that pa-
tients in the dimension safety was characterized by the oppo-
site. On the other hand, the speed trade-off strategy did not
seem to support successful recognition performance for
patients in the dimension contamination who displayed both
recognition accuracy and recognition time deficits and is
therefore in contrast to the suggestions by Ecker and
Gonner (2008) that patients with contamination fear are not
associated with experiences of ‘incompleteness’. Hesitancy
and impulsiveness seem contrasting cognitive operations,
and should be investigated further by appropriate neuropsy-
chological tasks.

The current study has documented that executive functions
may mediate the SRM impairments in OCD and not work-
ing memory per se, confirming eatlier suggestions (Hodgson
et al,, 1999; Savage et al,, 1999). Moreover, the notions that
OCD patients need things to be ust right’ (Leckman et al.,
1994) and experience urges to carry out compulsive beha-
viors when things are ‘not just right’ (Coles et al., 2005)
because actions and perceptions are experienced as incom-
plete (Ecker & Goénner, 2008) are also factors that are as-
sumed to implicate the present findings through the interac-
tion between cognition and emotion. The patients in the
dimensions aggression, contamination and sexual/religious
were found to be impaired in visuospatial recognition accu-
racy, which could stem from failures of different experiences
strongly linked to dysfunctions in emotion perception and
executive functions that negatively affected working and
short-term memory to support abilities to structure informa-
tion internally (Rabbitt, 1997). Although a breakdown in
executive processes seems to mediate the SRM deficit, clini-
cal symptomatology is strongly linked to emotion perception
and should be taken into account for the cognitive deficit to
produce symptom dimension relevance (Dittrich et al,
2010a). However, linking the sense of ‘incompleteness’ to
neuropsychological findings must be done with some cau-
tion because it is a motivational factor derived from a ques-
tionnaire study (Ecker & Goénner, 2008) and do not fully
support the present results. Nevertheless, assessing cognitive
dysfunctions designing systematic neuropsychological, clini-
cal, behavioral, and brain imaging studies is important in
order to come closer to fully understand the heterogeneous
nature of OCD (Henderson & Dittrich, 1993).

This study has provided new evidence for both selective and
spared deficits for patients in different OC symptom dimen-
sions related to spatial recognition and working memory.
Spatial recognition memory was impaired while spatial work-
ing memory was spared. The patients in the symptom di-
mension contamination were the only patients impaired in
both recognition accuracy and recognition time. It is sug-



DITTRICH ET AL.

gested that an inability to represent information internally
following a deficient executive functioning related to deci-
sion-making and matching processes in short-term memory
formation could contribute to explaining the impairments in
addition to experiences of ‘incompleteness’. In this sense, in
OCD, spatial processing per se seems rather unaffected
when using visual displays. Future research would benefit
from further decomposing the component processes in
cognitive tasks related to memory and executive functioning
as well as emotional experience in order to refine our under-
standing of the basis for the apparent visuospatial mnemonic
failures associated with patients in the different symptom
dimension of OCD.
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