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Abstract

Rationale Obsessive—compulsive disorder (OCD) is characterized by executive function impairment and by clinical responsivity
to selective serotonin reuptake inhibitors (SSRIs). Executive planning deficits constitute a candidate endophenotype for OCD. It
is not known whether this endophenotype is responsive to acute serotonin manipulation.

Objective The study aimed to investigate the effects of acute SSRI administration on executive function in patients with OCD,
first-degree relatives of patients with OCD, and healthy controls.

Methods A randomized double-blind cross-over study assessed the effects of single-dose escitalopram (20 mg) and placebo on
executive planning in 24 patients with OCD, 13 clinically unaffected first-degree relatives of patients with OCD, and 28 healthy
controls. Performance on a Tower of London task measuring executive planning was assessed 4 h after oral administration of the
pharmacological challenge/placebo and compared across and within groups using a mixed model analysis of variance.

Results On the outcome measure of interest, i.e., the mean number of choices to obtain the correct solution, there was a marginally
significant effect of group (F(2, 59)=3.1; p =0.052), with patients (least square (LS) mean 1.43; standard error [SE] 0.06; 95%
confidence interval (CI), 1.31-1.55) and their relatives (LS mean 1.46; SE 0.08; 95% CI, 1.30-1.62) performing worse than matched
healthy controls (LS mean 1.26; SE 0.05; 95% CI, 1.15-1.37) on placebo. There was a trend towards a significant group x treatment
interaction (F(2, 58)=2.8, p =0.069), with post hoc tests showing (i) patients (p =0.009; LS mean difference 0.23; SE 0.08) and
relatives (p = 0.03; LS mean difference 0.22; SE 0.10) were more impaired compared to controls and (ii) escitalopram was associated
with improved executive planning in patients with OCD (p =0.013; LS mean difference 0.1; SE 0.04), but not other groups (both p >
0.1; controls: LS mean difference —0.03; SE 0.04; relatives: LS mean difference 0.02; SE 0.05).

Conclusion Our findings are consistent with a view that there is impaired executive planning in OCD and that this constitutes a behavioural
endophenotype. In patients with OCD, but not in relatives, acute SSRI administration ameliorated this deficit. Further investigation is needed
to understand common and differential involvement of neurochemical systems in patients with OCD and their relatives.

Keywords Obsessive—compulsive disorder - Serotonin - Escitalopram - Pharmacological challenge - Executive functions -
Endophenotype

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s00213-020-05597-7) contains supplementary
material, which is available to authorized users.

< Christine Lochner 4 Centre for Statistical Consultation, Department of Statistics and
cl2@sun.ac.za Actuarial Sciences, University of Stellenbosch, Stellenbosch, South
Africa

5 . . .
! SAMRC Unit on Risk and Resilience in Mental Disorders, National Treatment Service for OCD, Hertfordshire, UK

Department of Psychiatry, Stellenbosch University, ©  University of Hertfordshire, Hertfordshire, UK

Stellenbosch, South Africa
7 SAMRC Unit on Risk & Resilience in Mental Disorders, Department

Department of Psychiatry, University of Cambridge, Cambridge, UK of Psychiatry & Neuroscience Institute, University of Cape Town,

3 Cambridgeshire & Peterborough NHS Foundation Trust, Cape Town, South Africa
Cambridge, UK

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00213-020-05597-7&domain=pdf
http://orcid.org/0000-0002-4766-3704
https://doi.org/10.1007/s00213-020-05597-7
mailto:cl2@sun.ac.za

3118

Psychopharmacology (2020) 237:3117-3123

Background

Obsessive—compulsive disorder (OCD) is a psychiatric condi-
tion characterized by intrusive thoughts, images, or impulses/
urges and/or time-consuming repetitive behaviours, including
repetitive mental acts, leading to significant functional impair-
ment and distress (American Psychiatric Association 2013).
Deficits in executive planning are a common finding in the
OCD literature. Planning is key in cognitive functioning and
requires individuals to identify and organize the necessary
steps to achieve a goal. This type of cognitive ability is clas-
sically probed by using problem-solving tasks such as the
Tower of London and its variants (Owen et al. 1990;
Shallice 1982). For example, in a study using a computerized
version of the Tower of London task, patients with OCD had
significant planning deficits on difficult problems, versus con-
trols (medium-large effect size) (Chamberlain et al. 2007).
That study ensured that groups did not differ on confounding
issues that are often overlooked in the neuropsychological
literature, such as education levels, 1Q, and trait impulsivity;
furthermore, the patients were free from comorbidities.
Patients with OCD exhibited decreased fronto-striatal activa-
tion (of dorsolateral prefrontal cortex and caudate nucleus)
during performance of the Tower of London in an fMRI task
(van den Heuvel et al. 2005). More recently, a similar fronto-
striatal hypoactivation was demonstrated not only in patients
with OCD but also in their clinically asymptomatic relatives,
with reduced coupling between the right dorsolateral prefron-
tal cortex and the putamen being associated with longer times
taken to solve the problems in the patients (Vaghi et al. 2017).
Taken together, the literature thus indicates that executive
planning is often impaired in OCD and that it is associated
with aberrant functional connectivity of the fronto-striatal cir-
cuitry that is heavily implicated in the pathophysiology of
OCD.

In recent years there has been an effort to investigate
endophenotypes for OCD; these represent quantitative vari-
ables (e.g., cognitive or neurophysiological) associated with
the disease while being distinct from the clinical phenotype
itself (Gottesman and Gould 2003). Executive planning defi-
cits are found not only in OCD but also in first-degree relatives
of individuals with OCD, suggesting that such impairment
represents an endophenotypic vulnerability to OCD (e.g.,
Zartaloudi et al. 2019). Moreover, OCD has a strong genetic
component, with first-degree relatives having an approximate-
ly five-fold increased risk on average to also be affected with
the disease (e.g., Grabe et al. 2006; Nestadt et al. 2000; Pauls
etal. 1995). It has therefore been argued that deficits in certain
executive functions may be promising endophenotypes for
OCD. There has been consistent support for the use of selec-
tive serotonin reuptake inhibitors (SSRIs) as first-line pharma-
cologic interventions for OCD (e.g., Fineberg et al. 2020;
Hirschtritt et al. 2017; Soomro et al. 2008). There is, however,
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mixed evidence as to whether first-line SSRI treatment leads
to amelioration of cognitive deficits in OCD. For example,
one study comparing neuropsychological performance in
medicated vs. un-medicated adults with OCD found that there
were no significant differences between these two groups on
any of the cognitive domains that were studied, suggesting
that deficits (including planning) persisted following chronic
SRI treatment (Mataix-Cols et al. 2002). Another study of
adult OCD patients found that SSRI administration was asso-
ciated with cognitive decline in the acute phase (first 8 weeks)
of treatment (Sayyah et al. 2016). In children and adolescents
with OCD, however, there is tentative evidence that some
cognitive deficits like memory, speed of information process-
ing, and executive functions may normalize with treatment
(Andres et al. 2008). Thus, the question remains whether
and how acute serotonin manipulation can modulate cognition
in OCD, and furthermore whether such effects extend to
asymptomatic first-degree relatives—which would indicate
the response to pharmacological challenge is itself an
endophenotype.

This study therefore investigated response of executive
function to acute SSRI administration in adult OCD patients,
first-degree relatives of OCD patients, and healthy controls.
We hypothesised that patients with OCD and their relatives
would be impaired on the task compared to healthy controls.
We further hypothesised that this deficit would be ameliorated
by an acute SSRI-challenge in both groups. We selected
escitalopram as the most selective of all the SSRIs, with little
or no affinity for numerous other binding sites (Sanchez et al.
2003). Escitalopram binds to both the primary, high-affinity
site on the serotonin transporter protein, which inhibits sero-
tonin reuptake. It is likely that binding to the serotonin trans-
porter initiates a series of effects in the brain beyond serotonin
reuptake inhibition (Hedges and Woon 2007). The use of
escitalopram as a pharmacological tool for exploring the role
of serotonin in modulating normal emotional processing and
in the pathophysiology of anxiety and depressive disorders
has been suggested previously (Alves-Neto et al. 2010). In
addition, clinical studies have shown that escitalopram causes
few and mild side-effects and has a relatively rapid onset of
action (Waugh and Goa 2003).

Methods
Ethics

The study protocol and patient information and consent forms
were approved by the Health Research Ethics Committee of
the Faculty of Medicine and Health Sciences, Stellenbosch
University; by the Human Research Ethics Committee of the
University of Cape Town; and acknowledged by the
Medicines Control Council of South Africa. Written informed
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consent was obtained from all participants prior to study pro-
cedures being conducted.

Study design

A randomized double-blind counterbalanced cross-over study
design was utilized to assess the effects of a single dose of the
SSRI escitalopram (20 mg) and placebo on specific executive
functions (i.e., executive planning) in adults with OCD, first-
degree relatives of individuals with OCD, and matched
healthy controls.

Clinical procedures

Information of the recruitment and inclusion/exclusion criteria
of participants can be found in a previous publication
(Lochner et al. 2016). Screening and diagnostic assessments
are also described in this document.

In summary, patients with a primary diagnosis of OCD
were included if they were at least moderately symptomatic
on the Yale-Brown Obsessive—Compulsive Severity Scale
(Y-BOCYS), i.e., if they had a Y-BOCS total score> 16. The
Y-BOCS is a clinician-rated 10-item measure of the severity
of symptoms of OCD; each item is rated from 0 (no symp-
toms) to 4 (extreme symptoms), with a total range of 0 to 40
and separate subtotals for the severity of obsessions and com-
pulsions. The scale has good inter-rater reliability, validity,
and a high degree of internal consistency among all items.
First-degree relatives of OCD patients and healthy controls
were included if they had no significant current DSM-IV
Axis I or II mental disorder or history of any substance or
alcohol abuse/dependency.

Notably, patients were included only if they were either
psychotropic medication free or on a psychotropic medication
that was (1) limited to a single SSRI, (2) administered at a
steady dose that was not higher than the optimal dose for OCD
for the particular agent (e.g., 60 mg of fluoxetine), (3) taken
for at least 2 months (8 weeks), and (4) stabilized according to
the treating clinician. Patients on chronic SSRI were instructed
to take their medication on the testing days, in addition to the
challenge drug.

Pharmacological challenge

Participants were administered a single dose of escitalopram
(20 mg) or placebo orally, in randomized order, on two sepa-
rate testing days, approximately 1 week apart.
Neurocognitive assessments

Executive planning was measured using a computerized ver-

sion of the Tower of London (TOL) task from the Cambridge
Neuropsychological Test Automated Battery (CANTAB)

(CANTABeclipse, Cambridge Cognition Ltd., Cambridge,
UK). The same task was administered twice. The task version
is also known as the One-Touch Stockings of Cambridge
(OTS) task, and the version used had difficulty levels ranging
from 1 to 5 move solutions. Three hours after ingestion of
escitalopram/placebo, participants underwent magnetic reso-
nance imaging (MRI) for an hour (these data will be reported
separately). The TOL task was undertaken subsequently, ap-
proximately 4 h following ingestion of escitalopram or place-
bo. The rationale for using this timing schedule was based on
the pharmacokinetic profile of escitalopram, with peak plasma
concentration levels (PPCLs) being expected 3—4 h after oral
dosing (Rao 2007).

During the administration of this computerized task, par-
ticipants were presented with two sets of coloured balls, each
arranged within three stacks, and instructed to calculate the
minimum possible number of moves required to rearrange one
set of coloured balls to match the other. They then indicated
their calculation of the minimum number of moves required,
by pressing the corresponding box for each choice (1-5) on
the touch screen of the computer. When incorrect, the partic-
ipants were instructed to try again. The key outcome measure
on the task is the number of choices made by the participant to
obtain the correct solution. A higher number of mean choices
to obtain the correct solution suggests poorer performance on
the task.

Data analyses

Demographic characteristics of the groups were compared
using mixed model of analysis of variance (ANOVA) with
post hoc ¢ tests where any trend (p < 0.1) or significant effects
of group were found. Post hoc tests were conducted for trend-
significant main effects because (i) ANOVA is overly conser-
vative given that two groups were expected to show similar
performance rather than different performance (i.e., patients
with OCD and relatives) and (ii) the sample size in the rela-
tives group was relatively lower. Performance on the TOL
task was analysed by means of a repeated measures analysis
of variance using a mixed model approach (including a re-
stricted maximum likelihood test, or REML). All data were
analysed using Statistica 9.0 for Windows (Statsoft, Tulsa,
Oklahoma). The following factors were included as variables
in the analyses: group (i.e., OCD, relative or control), the type
of treatment (escitalopram or placebo), and the task variables.
A subset of the OCD sample was taking chronic SSRI medi-
cations at the time of their participation. In a subsequent anal-
ysis, we compared the performance on the study tasks be-
tween patients with OCD on chronic treatment with those
not on any chronic psychotropic medication.

The outcome measure of interest was the mean number of
choices to obtain the correct solution. Results from the
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analyses of the latency to the correct choice, expressed in
milliseconds, or ms, are included in Supplement 1.

We employed a 5% threshold as the guideline for deter-
mining significant differences. Figures include letters (a, b, c)
to indicate post hoc differences at a 5% significance level; i.e.,
means without overlapping letters are significantly different.
Also, the length of the vertical (error) bars is the 95% confi-
dence interval for the mean.

Results
Demographics and sample characteristics

Twenty-four (N = 24) patients with OCD, 13 clinically unaf-
fected first-degree relatives of patients with OCD and 28
healthy controls, ages ranging between 19 and 64 years (mean
age: 33.4, SD: 12), took part. The OCD cohort included pa-
tients who were not on any psychotropic medication at the
time of participation (n = 13) and a group stabilized on SSRI
treatment (n =11). None of the medicated participants re-
ceived more than one drug concurrently at the time of assess-
ment. None of the relatives and healthy controls were taking
any psychotropic medication. Y-BOCS scores of patients at
screening ranged from 17 (moderate) to 32 (severe), with a
mean (SD) of 23.3 (4.4) (Table 1).

Performance on the Tower of London task

On the outcome measure of interest for the executive planning
task (Fig. 1), there was a marginally significant effect of group
(F(2, 59)=3.1; p =0.052), with patients with OCD (least
square (LS) mean 1.43; SE 0.06; 95% confidence interval
(CI), 1.31-1.55) and their relatives (LS mean 1.46; SE 0.08;
95% CI, 1.30-1.62) performing worse than matched healthy
controls (LS mean 1.26; SE 0.05; 95% CI, 1.15-1.37) on
placebo and escitalopram combined.

There was a trend towards a significant group x treatment
interaction (F(2, 58)=2.8, p =0.069), with post hoc tests
showing (i) patients (p =0.009; LS mean difference 0.23;

Table 1 Demographic and clinical symptoms across groups

SE 0.08) and relatives (p =0.03; LS mean difference 0.22;
SE 0.10) were more impaired on the task overall (i.e., follow-
ing either placebo or escitalopram challenge) compared to
controls and (ii) escitalopram challenge was associated with
significantly improved executive planning in OCD patients
(p =0.013; LS mean difference 0.1; SE 0.04), but not other
groups (both p > 0.1; controls: LS mean difference —0.03; SE
0.04; relatives: LS mean difference 0.02; SE 0.05) (Fig. 2).

No significant effect of group or group by treatment inter-
action was found for the analyses of latency to the correct
choice (p >0.10, see Supplement 1).

The OCD group was subsequently subdivided depending
on their treatment status. Comparison of the group not on
chronic psychotropic medication and those stabilized on
SSRI treatment in terms of their executive planning abilities
showed no main effect of group (on chronic medication vs. off
chronic medication) and no group X treatment condition inter-
action (both p >0.1). Therefore, acute SSRI treatment had
equivalent effects in medicated and un-medicated OCD
patients.

Discussion

This study tested whether acute SSRI administration altered
executive planning in patients with OCD, their first-degree
relatives, and healthy controls. Consistent with our initial hy-
pothesis, executive planning was significantly impaired in pa-
tients with OCD and symptom-free relatives of patients with
OCD, compared to healthy controls. Partly consistent with our
second hypothesis, we found mixed evidence for effects of
acute SSRI administration on executive planning dysfunction:
the group X treatment interaction was at a trend level but did
not reach statistical significance; however, in post hoc tests,
executive planning significantly improved following acute
escitalopram in the OCD group, but not in the other groups.
Our finding of executive planning impairment in OCD and
relatives is consistent with the literature. As noted earlier, a
prior study identified reduced functional connectivity between
prefrontal cortex and basal ganglia in OCD patients and their

Variable Groups

Statistics p value

OCD patients N =24 Healthy controls N =28 OCD relatives N =13

Mean age (SD) 33.4(12.0) 31.0 (11.0) 46.8 (5.3) df=2, F=10.35 <0.001*

Gender Female N (%) 13 (54.2%) 17 (60.7%) 11 (84.6%) Chi-square: 3.48 0.176
Male N (%) 11 (45.8%) 11 (39.3%) 2 (15.4%)

Mean total score: Yale-Brown 233 (4.4) - — - -

Obsessive—Compulsive Severity Scale (SD)

*OCD patients vs. OCD relatives: Standard error (SE) =3.64, p <0.001; healthy controls vs. OCD relatives: SE =3.55, p <0.001
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Fig. 1 Performance on the Tower 17
of London task: main effects of 2
group (F(2, 59)=3.1; p =0.052). %
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relatives, in comparison to controls (Vaghi et al. 2017). Our
data confirmed that impaired executive planning on the TOL
task may constitute a vulnerability marker (or candidate
endophenotype) for OCD, since we found impairment in both
OCD patients and their asymptomatic relatives. Based on pri-
or neuroimaging findings (Vaghi et al. 2017), this decrement
may reflect disruption of fronto-striatal connectivity. Our re-
sults are in keeping with a recent meta-analysis comparing
executive functioning in unaffected relatives of patients with
OCD and healthy controls; this identified significant impair-
ments in relatives of OCD patients compared to healthy con-
trols across a range of cognitive domains, particularly for ex-
ecutive planning (Hedge’s g =0.37). (Zartaloudi et al. 2019).

OoCcD Controls Relatives

Diagnostic group

The finding that a single dose of escitalopram ameliorated
executive planning dysfunction in OCD is consistent with a
role for the serotonin system in mediating such dysfunction.
However, caution is needed in terms of linking this cognitive
finding to the therapeutic role of SSRI in OCD. Acute SSRI
treatment has been hypothesized to lead to inhibition of sero-
tonin neuronal activity via actions at autoreceptors (e.g., Blier
et al. 1990; Hajos et al. 1995), sometimes leading to an exac-
erbation of affective symptoms, including cognitive problems
(Sayyah et al. 2016). In rodents acute low doses of SSRIs can
have opposite effects to those of higher doses (Bari et al.
2010). In addition, acute pharmacological manipulations
using SSRIs in healthy volunteers may improve some
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cognitive domains, while impairing others (Skandali et al.
2018). Thus, further work is needed to explore the effects of
both acute and chronic SSRI treatment on cognition in OCD,
across a range of domains. Notably, SSRIs not only alter se-
rotonin levels but also exert an effect on other neurotransmit-
ters such as dopamine (DA). Striatal DA levels may also affect
performance on the TOL task (Reeves et al. 2007), with in-
creasing DA leading to improved planning performance in
healthy adults (Elliott et al. 1997). Further studies are therefore
needed to fully delineate the neurochemical mechanisms in-
volved in planning dysfunction in OCD and its amelioration
under escitalopram.

Escitalopram did not significantly improve the executive
planning deficit in relatives of patients with OCD, perhaps
suggesting that in family members non-serotonergic neurobi-
ological mechanisms underpin cognitive deficits. However,
results for relatives of OCD patients should be considered
preliminary given the small sample size, which may have
limited the statistical power to detect effects of medication.
OCD relatives were older than the other two cohorts; age
was therefore included in an additional analysis as a covariate,
with the findings appearing robust to this potentially con-
founding factor. Another potential limitation is the fact that
our OCD sample was heterogeneous in terms of their OC
symptoms, given that patients with particular OC symptom
subtypes may be more prone to respond to SSRIs (Stein
et al. 2008). Approximately half of the cohort of patients with
OCD were taking chronic SSRI at the time of participation;
the finding that such patients did not differ from those not on
SSRIs in terms of executive planning may suggest that this
dysfunction is an underlying deficit that persists despite
chronic treatment (Nielen and Den Boer 2003). We also found
that acute escitalopram administration improved executive
planning in OCD patients irrespective of chronic treatment.
There are a number of potential explanations. First, executive
planning dysfunction in OCD may comprise both state and
trait abnormalities, with the findings here suggesting that
acute escitalopram administration improves state-related but
not trait-related executive planning dysfunction. Thus, SSRI
may only partially remediate the executive planning deficit.
Second, the potentially cognitive enhancing effects of SSRIs
may “wear off” after repeated administration of the drug, due
to adaptive changes within the 5-HT system. When subse-
quently challenged with an additional dose of SSRI, in addi-
tion to the dose stabilized on, the patient may again manifest
acute cognitive improvement. Third, the impact of acute SSRI
administration on executive planning may have been brought
about by primarily improving obsessive—compulsive (or anx-
iety) symptoms, which were present only in the patient group,
and secondarily improving cognition.

In conclusion, our findings are in keeping with the hypoth-
esis that impaired executive planning constitutes a behavioural
endophenotype for OCD. In OCD, but not relatives, acute
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SSRI administration ameliorated this deficit, perhaps suggest-
ing that in family members non-serotonergic neurobiological
mechanisms underpin cognitive deficits. Further investigation
is needed to consolidate these hypotheses; in particular longi-
tudinal studies may be useful in determining whether chronic
treatment of OCD can ameliorate cognitive impairments, per-
haps by modulating fronto-striatal connectivity in OCD, and if
so, for which domains and in which circuits. If the effect of
SSRI on improving executive function in OCD is further sub-
stantiated, there may be implications for the clinical manage-
ment of patients with this highly disabling disorder.
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