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Objective: Obsessive-compulsive disorder (OCD) is highly heri-
table. Attempts to delineate precise genetic contributions have
met with limited success. There is an ongoing search for inter-
mediate cognitive brain markers (endophenotypes) that may
help clarify genetic contributions. The aim was to assess inhibi-

tory control processes in unaffected first-degree relatives of
OCD patients for the first time with objective tests.

Method: The Intradimensional/Extradimensional Shift, Stop-
Signal, and Cambridge Gamble tasks were administered to 20
unaffected first-degree relatives, 20 OCD patient probands with
washing/checking symptoms, and 20 healthy matched compar-
ison subjects without a family history of OCD.

Results: Unaffected first-degree relatives and OCD patient
probands showed cognitive inflexibility (extradimensional set
shifting) and motor impulsivity (stop-signal reaction times). De-
cision making (Cambridge Gamble task) was intact.

Conclusions: Deficits in cognitive flexibility and motor inhibi-
tion may represent cognitive endophenotypes for OCD. Such
measures will play a key role in understanding genotype/phe-
notype associations for OCD and related spectrum conditions.

(Am ] Psychiatry 2007; 164:335-338)

Obsessive-compulsive disorder (OCD) is a highly
heritable neuropsychiatric disorder, with risk to first-de-
gree relatives much greater than for the general popula-
tion (1, 2). OCD may constitute part of a spectrum of dis-
orders characterized by overlapping comorbidity,
familiarity, and difficulties suppressing inappropriate re-
petitive behaviors (2, 3). So far, attempts to identify con-
tributory genes have met with limited success (4). This
may be because OCD comprises a heterogeneous illness
that cannot easily be differentiated into genetically ho-
mogenous subgroups by using outward symptoms or
signs (phenotypic markers). There is an ongoing search in
psychiatry for intermediate markers of brain dysfunction
(endophenotypes) that represent vulnerability markers
for disease development and lie closer to the genetic ori-
gins of the disorder (5). In the context of OCD, it has been
hypothesized that impairments in motor inhibition and
cognitive flexibility may be useful in this regard (2, 6). Im-
pairments in these domains have been identified in OCD
patients with a variety of objective tests dependent upon
integrity of frontal-striatal circuitry (2, 7, 8). To date, stud-
ies have not assessed the performance of unaffected first-
degree relatives of OCD patients—a vital step in the iden-
tification of putative endophenotypes (5).

We assessed cognitive flexibility, motor inhibition, and
decision making in unaffected first-degree relatives of
OCD patients, patient probands, and matched healthy
comparison subjects without a family history of OCD. Cog-
nitive flexibility was assessed with the Intradimensional/
Extradimensional Shift task, originally developed from the
Wisconsin Card Sorting Test of frontal lobe integrity. This
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paradigm examines different components of attentional
flexibility, including reversal learning, set formation, and
the ability to inhibit and shift attention between stimulus
dimensions (extradimensional shifting) (9). Prior studies
have demonstrated that extradimensional shifting is im-
paired in OCD but not in trichotillomania (7, 8). Motor in-
hibition was assessed by using the Stop-Signal task, which
provides a sensitive estimate of the time taken to internally
suppress motor responses. This paradigm has been shown
to be sensitive to motor impulsivity associated with atten-
tion deficit hyperactivity disorder, OCD, trichotillomania,
and damage to the right inferior frontal gyrus (8, 10). Deci-
sion making was assessed by using the Cambridge Gamble
task, which is sensitive to abnormal decision making in
substance abuse, mania, and frontal lesions (7, 11-13).
Prior work has identified intact decision making in OCD
using this task (7). It was predicted that unaffected first-de-
gree relatives may, like OCD patients themselves, show im-
paired cognitive flexibility and motor inhibition, thereby
supporting such measures as trait markers.

Method

The study group comprised 20 pairs of unaffected first-degree
relatives and OCD patient probands and 20 comparison subjects
without a known family history of OCD. Before enrollment, all po-
tential participants undertook a clinical interview, including the
Mini International Neuropsychiatric Inventory, the Montgomery-
Asberg Depression Rating Scale (MADRS), and an obsessive-com-
pulsive personality disorder score card. The Mini International
Neuropsychiatric Inventory is a well-validated screening instru-
ment for axis I disorders (14), the MADRS is a well-established
measure of mood status (15), and obsessive-compulsive personal-
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TABLE 1. Demographic and Clinical Characteristics of First-Degree Relatives, Probands with Obsessive-Compulsive Disor-

der (OCD), and Healthy Comparison Subjects?®

First-Degree Relatives

Healthy Unrelated

Probands With OCD ~ Comparison Subjects

(N=20) (N=20) (N=20) Analysis
F (df=2,

Variable Mean SD Mean SD Mean SD 57) p
Age (years) 34.2 11.4 321 11.9 33.1 10.5 0.18 0.84
Male:female 7:13 4:16 7:13 1.43b >0.10
National Adult Reading Test

(verbal 1Q estimate) (16) 115.5 8.4 114.2 7.3 118.2 5.1 1.67 0.20
Montgomery- Asberg Depression Rating

Scale score (15) 2.1 33 5.5 6.2 0.6 1.1 7.64 <0.001¢
Obsessive-compulsive personality

disorder scored 1.8 1.7 3.1 1.8 0.4 0.5 17.64 <0.001°¢
Yale-Brown Obsessive Compulsive

Scale score

Obsession 09 1.6 12.0 4.4 0.0 0.0 122.56 <0.001¢

Compulsion 0.5 1.5 10.7 3.0 0.0 0.0 202.57 <0.001¢

Total 3.7 53 22.7 6.6 0.0 0.0 192.27 <0.001¢
Intradimensional/Extradimensional Shift

task score

Trials to criterion intradimensional 6.5 0.8 6.9 2.0 6.4 0.5 1.21 0.31

Trials to criterion extradimensional 24.8 17.8 22.8 16.8 11.3 6.6 4.95 0.01¢
Stop-Signal task score

Median “go” reaction time 403.5 74.9 458.5 124.6 406.6 90.6 1.95 0.15

Stop-signal reaction time 234.0 73.2 223.6 64.6 171.5 60.6 5.11 0.009¢
Cambridge Gamble task

Percent rational decisions 95.4 5.8 94.2 8.2 95.8 6.6 0.28 0.76

Percent points gambled 58.8 131 55.5 14.0 58.7 11.1 0.42 0.66

a Effect sizes (Cohen’s d, healthy comparison subjects) were as follows: trials to criterion extradimensional first-degree relatives=1.01, OCD
probands=0.92, stop-signal reaction time first-degree relatives=0.93, OCD probands=0.83. Medication status of OCD patients: 18 taking se-
lective serotonin reuptake inhibitors and two unmedicated. Seventeen relatives were siblings of OCD patients and three were parents of OCD

patients.
b2, df=2.
¢ Significant overall group difference (p<0.01).

dTotal out of eight for DSM-IV checklist for obsessive-compulsive personality disorder.

€ Significant overall group difference (p<0.05).

ity disorder scores were assessed by using an eight-item checklist
adapted from DSM-IV criteria for obsessive-compulsive personal-
ity disorder. Verbal IQ estimates were calculated with the National
Adult Reading Test (16). First-degree relatives and comparison sub-
jects were excluded if they had DSM-1IV axis I disorders (including
major depressive disorder, Tourette’s syndrome, eating disorders,
OCD itself, and other anxiety disorders). OCD patients were re-
cruited from an outpatient clinic by a board-certified psychiatrist
on the basis of DSM-IV OCD criteria, archetypal washing/checking
symptoms (without significant hoarding), and freedom from axis I
comorbidities. The patients gave consent for a first-degree relative
(preferentially a similarly aged sibling) to be contacted. The com-
parison subjects were recruited through advertisements in the lo-
cal community. All subjects gave written informed consent, and
the study was approved by the Cambridge Local Research Ethics
Committee. Cognitive assessment was undertaken by an experi-
enced neuropsychologist in a quiet testing environment.

The Intradimensional/Extradimensional Shift task is a nine-
stage visual discrimination task that uses multidimensional stim-
uli. Two stimuli are displayed at a time, and feedback is provided
so that the subject can learn which stimulus is correct. To pass
each stage, six consecutive correct responses are required within
50 trials; otherwise, the task ends. The rule for correct responding
is modified at the start of each task stage to dissociate different as-
pects of cognitive flexibility. For example, one rule would be that
the correct stimulus is the one with three (rather than two) white
lines. (See reference 9 for full task description.) The intradimen-
sional shift stage examines rule generalization when novel stimuli
are introduced, whereas the extradimensional shift stage exam-
ines the ability to inhibit and shift attention away from a previ-
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ously relevant stimulus dimension (akin to a category shift on the
Wisconsin Card Sorting Test). Performance is assessed in terms of
the number of trials required to achieve learning criterion (six
consecutive correct responses) at each stage. The subjects who
fail to pass a stage are assigned 50 trials to criterion and excluded
from analysis for subsequent stages not attempted. On the com-
puterized Stop-Signal task, the subjects respond rapidly to left- or
right-facing arrows onscreen with corresponding motor re-
sponses and attempt to inhibit responses when an auditory stop
signal sounds. With a tracking algorithm, this task estimates the
time taken to internally suppress prepotent motor responses
(stop-signal reaction time; see reference 10). The Cambridge
Gamble task (11) assesses different components of decision mak-
ing by requiring volunteers to gamble points over a range of prob-
abilities of winning. Decision making is quantified in terms of the
percentage of rational decisions made and the overall mean per-
centage of points gambled.

Data were analyzed by using one-way analysis of variance
(ANOVA) in the first instance. Where significant group differences
were detected according to ANOVA, post hoc least significant dif-
ference tests were conducted in order to compare study groups in
a pairwise fashion. If assumptions of homogeneity of variance
and normality were not met, standard transformations were per-
formed or data were subjected to nonparametric tests, as indi-
cated. Significance threshold was p<0.05.

Results

The groups were matched for age, verbal 1Q, and male:
female ratio (Table 1). As expected, the groups differed sig-
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nificantly on Yale-Brown Obsessive Compulsive Scale
scores (obsession, compulsion, and total) because OCD
patients scored higher than both other groups (least sig-
nificant difference tests following significant ANOVAs in
Table 1) (p<0.01) (all tests are post hoc least significant dif-
ference tests). The relatives did not differ significantly
from the comparison subjects on Yale-Brown Obsessive
Compulsive Scale scores (obsessions, compulsions, and
total scores) (all p>0.30). Although mean MADRS scores
for all groups were well beneath the cutoff for clinically
significant depression, the groups differed on MADRS
scores overall. Post hoc analysis revealed that this was be-
cause the OCD group showed higher scores than the rela-
tives (p<0.01) and the comparison subjects (p<0.01).
MADRS scores did not differ significantly between the rel-
atives and the comparison subjects (p>0.20). The groups
also differed overall for total obsessive-compulsive per-
sonality disorder scores. Post hoc analysis revealed that
OCD patients had significantly higher obsessive-compul-
sive personality disorder scores than the relatives (p<0.01),
who had significantly higher scores than the comparison
subjects (p<0.01).

In terms of neuropsychological performance, the
groups differed on trials to criterion for the extradimen-
sional shift (Intradimensional/Extradimensional Shift
task) and on stop-signal reaction times for the Stop-Signal
task (Table 1). The groups did not differ on performance
on the Cambridge Gamble task. For the Intradimensional/
Extradimensional Shift task, post hoc analysis revealed
that the first-degree relatives (p<0.01) and the OCD pa-
tients (p<0.05) required significantly more trials to attain
criterion for the extradimensional shift stage in relation to
comparison subjects. The relatives did not differ signifi-
cantly from the patients on this measure (p>0.20). On the
Stop-Signal task, post hoc analysis revealed that first-de-
gree relatives (p<0.01) and OCD patients (p<0.05) showed
significantly longer stop-signal reaction times (i.e., im-
paired motor inhibition) in relation to comparison sub-
jects. Again, the performance of relatives did not differ sig-
nificantly from that of patients (p>0.20).

Correlation analyses were conducted between clinical in-
dices (Yale-Brown Obsessive Compulsive Scale obsession/
compulsion subscores and total scores, MADRS total
scores, and obsessive-compulsive personality disorder total
scores) and neuropsychological indices. No significant cor-
relations were found within groups (all p>0.20, Pearson’s r).

Discussion

Impaired inhibition processes are implicated in the
search for OCD endophenotypes (2). To the authors’
knowledge, this is the first study ever to assess cognition in
unaffected first-degree relatives of OCD patients. In rela-
tion to matched comparison subjects without a family
history of OCD, the relatives showed deficits in cognitive
flexibility and motor inhibition but showed intact perfor-
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mance on a test of decision making. The profile of dys-
function on the neuropsychological tasks in unaffected
relatives was indistinguishable from that of OCD patient
probands and was comparable to prior findings in OCD
patients (2, 7, 8).

These data support the utility of specific objective indi-
ces of inhibitory control (extradimensional shifting, stop-
signal reaction times) as relatively easily measurable fa-
milial candidate endophenotypic markers for archetypal
OCD. The relatives did not differ significantly from the
comparison subjects on Yale-Brown Obsessive Compul-
sive Scale scores, and no significant correlations between
Yale-Brown Obsessive Compulsive Scale scores and cogni-
tive performance were identified. Therefore, these impair-
ments appear to reflect trait markers that can exist in the
absence of clinically significant symptoms and medica-
tion confounds. We included mainly female participants,
which may have influenced the results. It remains possible
that the present findings may not generalize to other OCD
symptom clusters, such as hoarding, because we included
only patients with archetypal washing/checking symp-
toms (17). Also, it would be of interest in future work to ex-
amine the differences between patients with early- and
late-onset OCD and their relatives (18) and to examine the
effects of family history, such as the frequency of psychiat-
ric illnesses in the extended family. Future studies should
seek out not only trait but also state markers of OCD and
spectrum disorders by using a range of tests and examin-
ing links with genetic polymorphisms and frontal-striatal
brain abnormalities (structural, functional, and neuro-
chemical). They should also evaluate the clinical conse-
quences of these cognitive abnormalities, and the effects
of selective serotonin reuptake inhibitors and other drug
treatments on cognition (19). This will help to elucidate
etiological contributions and lead to improved models
and treatment algorithms for OCD and obsessive-compul-
sive spectrum disorders.
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