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Abstract Current research focuses on delineating the
neurobiological boundaries between familial risk for
schizophrenia (SZ) and bipolar disorder (BD). Available
evidence suggests that inhibitory control may be affected in
both disorders. Inhibitory control relies on the dual pro-
cesses of contextual information maintenance and response
inhibition. This study investigated the effect of familial risk
of SZ or BD on these two aspects of inhibitory control.
Seventeen healthy first-degree relatives of patients with BD
(BD-R), 15 healthy relatives of patients with SZ (SZ-R)
and 23 demographically matched controls were compared
in terms of their performance during Controlled Oral Word
Association (COWA), which measures contextually driven
response selection, and during the Hayling Sentence
Completion Test (HSCT), which assesses contextual
response selection and inhibition. Compared to controls
and BD-R, SZ-R showed deficits in contextual information
processing that resulted in spontaneous errors in the
COWA as well as deficits in response inhibition during the
HSCT that resulted in higher error rates. BD-R also showed
deficits in response inhibition during the HSCT relative to
controls, which were, however, less pronounced than for
SZ-R. Both relatives groups had longer response times. Our
results suggest that failure in contextual maintenance is
primarily associated with familial risk for SZ, while
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response inhibition may be a shared marker of familial risk
for both disorders.
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Introduction

Schizophrenia (SZ) and bipolar disorder (BD) are currently
considered separate nosological entities [1]. However,
there is significant evidence of an overlap primary in terms
of genetic aetiology [23]. Much research effort is currently
focused on delineating the neurobiological boundaries
between the two disorders using cognitive test performance
as a probe. A number of meta-analyses have compared the
cognitive profile of patients with SZ or BD [4, 5, 25, 32,
42]. The general consensus is that the two disorders differ
in terms of general intellectual quotient (IQ), which
appears preserved in BD but is significantly impaired in
SZ, while deficits in memory, attention and aspects of
executive function are present in both disorders. However,
within these wide cognitive domains, there is increasing
evidence for further disease specificity, particularly in
inhibitory control. Inhibitory control is a multifaceted
concept that incorporates aspects of cognitive and behav-
ioural control in connection to selective attention, appro-
priate (i.e. contextual) action selection and response
inhibition and performance monitoring [2]. Here, we focus
on the processes of maintaining contextual information
(e.g. task rules) and selecting an appropriate response over
other alternatives.

A common task for assessing inhibitory control is the
Stroop Colour Word Test (SCWT) [18, 43], which requires
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individuals to withhold an overlearned but inappropriate
verbal response in favour of the appropriate one. In our
recent meta-analysis comparing patients with SZ with
those with BD or major depressive disorder (MDD), we
found that impairment in the SCWT was associated with
mood disorders rather than SZ. Deficits in response inhi-
bition in the SCWT have been reported in unaffected rel-
atives of BD patients [3, 5], suggesting that this cognitive
function is also related to familial risk for the disorder. SZ
patients show more generalised deficits in verbal
responding during the SCWT, which suggests that the core
problem is not in response inhibition per se but in the
inefficient contextual modulation of language-processing
pathways [16]. Further support for this notion derives from
studies using tests of verbal fluency that assess the ability
to generate task appropriate responses but have no explicit
inhibitory requirement. Patients with SZ not only generate
fewer contextually appropriate words than controls but
they also have a high rate of errors; they persevere or
provide contextually inappropriate words. These verbal
fluency deficits are one of the most robust findings in SZ
research affecting both patients [25] and their relatives [21,
40, 44]. In contrast, verbal fluency abnormalities in BD
patients consist of reduced word production rather than in
errors, and even then the effect size compared to controls is
small [29, 37, 39, 46] and becomes negligible when com-
paring controls to unaffected relatives [3, 5, 12, 31]. Taken
together, these findings suggest that familial risk for SZ
maybe associated with deficits ascribed to poor inhibitory
control may reflect inefficient maintenance of contextual
set while familial predisposition for BD may be linked to
inadequate control of response inhibition.

In order to explore this hypothesis, we compared test
performance in the Controlled Oral Word Association test
(COWA) [41] and in the Hayling Sentence Completion
Test (HCST) [6] in healthy first-degree relatives of patients
with SZ or BD. COWA is a verbal fluency task that
involves the generation of words based on letter cues. The
HSCT has two conditions: the initiation condition also
involves generation of words based on sentence cues, while
the inhibition condition requires participants to suppress a
semantically predicted word in favour of a contextually
unrelated word. The HSCT has been successfully used in
studies of SZ and BD [15, 50] although not as widely as the
SCWT. However, this test is better suited for this study
design because it is purely language based, while the
SCWT has a significant perceptual attention component.
We examined healthy relatives of patients with either BD
or SZ as our focus was on familial influences on neuro-
psychological performance. Additionally, this design
avoids potential confounds of medication or psychopa-
thology. We hypothesised that (a) both in the COWA and
the initiation condition of the HSCT, relatives of patients
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with BD (BD-R) will be able to maintain contextual set,
while relatives of patients with SZ (SZ-R) will underper-
form compared to BD-R and controls, (b) both BD-R and
SZ-R will show impairment in the inhibition condition of
the HSCT compared to controls. We also hypothesised that
if inhibitory errors in SZ reflect poor maintenance of
contextual set then the number of errors in the COWA in
SZ-R (but not BD-R) would predict errors in HSCT.

Methods
Participants

Seventeen first-degree relatives of patients with BD (BD-
R), fifteen first-degree relatives of patients with SZ (SZ-
R) and 23 demographically matched healthy controls
(HC) were drawn from participants enrolled in two
ongoing departmental studies [1, 14, 17, 24, 26, 27, 34—
36, 45, 48]. Relatives were sampled from different fam-
ilies and were therefore unrelated. Ethical approval was
obtained from the Joint South London and Maudsley and
the Institute of Psychiatry NHS Research Ethics Com-
mittee. Written informed consent was obtained from all
participants.

For this analysis, we only included relatives without any
current or lifetime personal history of any Axis I disorder
based on the Diagnostic and Statistical Manual of Mental
Disorders, 4th edition (DSM-IV) [1]. Similarly controls
were free of any personal or family history (up to second
degree) of Axis I disorders. Exclusion criteria for all par-
ticipants included (a) head trauma resulting in loss of
consciousness, (b) personal history of neurological or
medical disorders, (c) family history of hereditary neuro-
logical disorders, and (d) drug or alcohol abuse in the
preceding 6 months as defined by the DSM-IV. Level of
education was rated on a 5-point scale ranging from 1 (no
educational qualification), 2 (“O” levels), 3 (“A” levels), 4
(university degree or equivalent) to 5 (postgraduate uni-
versity level qualifications).

Procedure
Clinical assessment

All participants (relatives and controls) underwent the
same diagnostic assessment using the Structured Clinical
Interview for DSM-IV Axis I Disorders [13] administered
by trained psychiatrists. Family history was assessed using
Family Interview for Genetic Studies (FIGS) [30]. Psy-
chopathology was further assessed on the day of their
cognitive testing with the Brief Psychiatric Rating Scale
(BPRS) [47], the 21-item Hamilton Depression Rating
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Scale (HDRS) [19] and the Young Mania Rating Scale
(YMRS) [51].

Neuropsychological assessment

All participants were tested by the same psychologist (TC).
Tests were administered in a single session. The HSCT
comprises two conditions each of which has 15 different
sentences each with the last word missing. Each sentence is
read to participants who are required to provide the missing
word. In the initiation condition, participants are required
to complete the sentence with a word predicted by the
context (e.g. He posted the letter with a _ STAMP). In the
inhibition condition, participants are asked to provide a
totally unconnected word (e.g. The captain wanted to stay
with the sinking _ BANANA); category A errors occur
when participants provide a contextual predicted word (e.g.
the captain wanted to stay with the sinking _ ship) and
category B errors when they provide a semantically related
word (e.g. the captain wanted to stay with the sinking _
sea). Performance in the HSCT is assessed in terms of
response initiation time in each condition (i.e. time taken to
provide a response) and response inhibition (i.e. number of
category A and B errors).

In the COWA participants are asked to generate as many
words as they can that begin with the letters F, A, and S in
the 1960s. Performance is assessed in terms of total correct
responses and total errors defined as the sum of intrusions
and perseverations. Intrusions and perseverations are rule
violations (non-words and proper nouns) and repetitions of
words, respectively.

We used the Wechsler Adult Intelligence Scale-Revised
(WAIS-R) [49] Vocabulary subtest to obtain an estimate of
current full-scale intelligence quotient (FSIQ). The test
requires giving brief and precise definitions to concrete and
abstract words presented in the order of increasing difficulty.

Statistical analysis

The three groups (SZ-R, BD-R and HC) were compared in
terms of demographic characteristics and psychopathology
scores using analysis of variance or chi-square tests as
appropriate.

Outcome measures from the HSCT and COWA were
entered as dependent variables in two separate multi-
variate analyses of covariance (MANOVA) with group
as the independent factor, BPRS and FSIQ scores as
covariates. We used raw scores rather than age-corrected
scores for both HSCT and COWA as the groups were
matched for age. When the overall MANOVA indicated
an effect of group, this was followed-up by pairwise
¢t tests with Bonferroni correction. Effect sizes for all
neuropsychological measures comparing BD-R and SZ-R

to HC were calculated as Cohen’s d [8]. In each diag-
nostic group, linear regression analysis was used to
examine whether HSCT category A errors were predicted
by the total words generated and total errors made in the
COWA. Finally, Pearson’s correlations were used to
examine the relationship between response time in HSCT
inhibition condition and number of errors for the evi-
dence of the trade-off between reaction time and accu-
racy in each group.

Results

Demographic information and psychopathology ratings for
relatives (SZ-R and BD-R) and controls are shown in
Table 1. There were no group differences in age
(P = 0.21), sex (P = 0.97), educational level (P = 0.75)
and full-scale IQ (P = 0.33). The three groups differed in
terms of total HDRS, YMRS and BPRS (all P < 0.0001);
this effect was driven primarily by the SZ-R who were
statistically more symptomatic than HC on all scales. The
BPRS score were highly correlated with those of the other
two scales (r > 0.65, P < 0.0001) and was chosen as a
covariate in all analyses as it is more suitable for non-
clinical populations.

Details of neuropsychological performance and effect
sizes are shown in Table 2 and Fig. 1, respectively. In the
HSCT, there was a significant effect of group (F = 4.429,
df = 8,92, P < 0.0001) and FSIQ (F = 3.260, df = 4, 46,
P =0.02) but not symptoms (F = 0.254, df = 4, 46,
P = 0.90). Post hoc pairwise comparison showed that SZ-
R underperformed compared to HC on all outcome mea-
sures (all P < 0.03). In contrast, BD-R performed similarly

Table 1 Clinical and demographic characteristics of the sample

Relatives of Relatives of  Controls

SZ patients  BD patients (n = 23)
(n =15) (n=17)
Age 458 (14.2) 387 (13.4) 39.0 (13.4)
Education 3.5(0.9) 3.6 (0.9) 3.7 (0.9)
Sex (female: male) 11:4 13:4 17:6
Siblings/parents/offspring  5:10:0 6:3:8 -
HDRS 0.8 (0.7)* 0.1 (0.3)* 0.08 (0.2)*
YMRS 0.7 (1.03)° 0.4 (0.7)° 0.1 (0.3)°
BPRS 25.6 (0.8)¢  24. (1.1)¢ 24.2 (0.4)

Apart from sex data shown are mean (standard deviation); HDRS
Hamilton Depression Rating Scale, YMRS Young Mania Rating
Scale, BPRS Brief Psychiatric Rating Scale, SZ schizophrenia, BD
Bipolar Disorder

* Range = 0-2
® Range = 0-3
¢ Range = 0-1

9 Range = 24-28
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Table 2 Neuropsychological

f Relatives of Relatives of Controls
performance SZ patients BD patients (n =23)
(n=15) (n=17)
Hayling sentence completion task
Type A errors 2.8 (2.5) 1.3 (2.7) 0.1 (0.3)
Type B errors 3.8 (1.9) 3.0 (2.2) 0.8 (1.0)
Total time, initiation condition 13.1 (12.9) 4.6 (9.5) 3.5(5.8)
Total time, inhibition condition 33.2 (27.0) 19.2 (4.4) 8.6 (8.8)
Controlled oral word association
Total correct responses 43.2 (10.5) 44.7 (8.6) 58.9 (7.5)
Data shown are mean (standard Total errors 24 (29) 0.8 (1.6) 0.08 (0.2)
deviation); SZ schizophrenia, Intrusions 0.8 (1.1) 0.1 (0.3) 0.001 (0.001)
BD bipolar disorder; all data Perseverations 1.7 (2.0) 0.6 (1.5) 0.08 (0.02)
shown are raw scores
25— — T e -~ " In SZ-R, HSCT initiation time 2 correlated positively
o [eaEros  TROBEIOS o o ibtion Condion_Corect Resporses Tt Eos with category A errors (r = 0.71, P = 0.01), whereas no
. significant correlations were found for BD-R or HC.
1 4
T
g 05 Discussion
05 In accordance with our hypotheses, we found that relatives
. < of patients with SZ (SZ-R) and relatives of patients with
T B SZ relati . .
s = BD:Z:X,ZSS ‘ BD (BD-R) had reduced cued word production during the
' COWA, while error rate was significantly increased in the
-2

HSCT and COWA

Fig. 1 Cohen’s d effect size of the difference between controls and
relatives of patients with schizophrenia (SZ) or bipolar disorder (BD)
in the Hayling sentence completion task (HSCT) and controlled oral
word association (COWA)

to HC in all measures (P > 0.11), but they committed more
type B errors (P = 0.01). BD-R performed better than SZ-
R in terms of initiation time 1 (P = 0.007) and type A
errors (P = 0.03).

In the COWA, there was a significant effect of group
(F=9.187, df=4, 96, P <0.0001) and FSIQ (F =
3.502, df =2, 48, P =0.03) but not symptoms (F =
0.267, df = 2, 48, P = 0.76). Both SZ-R and BD-R gen-
erated fewer words than HC (all P < 0.0001). SZ-R made
more errors both compared to HC and BD-R (all P < 0.03),
whereas there was no statistical difference between the two
latter groups (all P = 0.51).

In SZ-R (but not in BD-R), linear regression analysis
showed that total number of words generated and total
number of errors committed in COWA jointly accounted
for 42% of variance (R2 = 0.50; adjusted R? = 0.42;
F (2) = 6.197, P = 0.01) in HSCT category A errors with
word generation being the most significant contributor to
this association (f = —0.718, P = 0.005).
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SZ-R only. In the HSCT, SZ-R showed prolonged response
times in the initiation condition and inhibition conditions,
while BD-R were slower than controls in the inhibition
condition only. Both relatives’ groups had a higher error
rate than controls but SZ-R made more type A errors.
Furthermore, SZ-R but not BD-R, errors in the HSCT were
predicted by performance in the COWA. These results
were not attributable to general intellectual ability differ-
ences between the groups.

With respect to the COWA, relatives’ performance
mirrors previous results in patients with SZ and BD.
Reductions in word production have been found in both SZ
and BD patients [4, 16, 29, 33]. Direct comparisons
between the two patients’ group consistently report that the
degree of impairment in word production is greater for SZ
than BD patients [16, 20, 32], suggesting that the presence
of syndromal SZ has a greater impact than BD in cued
word production. The increased error rate in SZ-R com-
pared to controls in this study replicates previous findings
[21] and seems to relate predominantly to familial risk for
SZ and not BD.

The findings from the HSCT also point to significant
difficulties in word production being primarily associated
with familial predisposition to SZ given that SZ-R had the
longest response time in the initiation condition despite
their being given contextually restricted cues. Although
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both relatives groups made significantly more errors than
controls, SZ-R were more impaired that BD-R and this
reached statistical significance for category A errors.
Taken together, these findings suggest that impaired
maintenance of contextual information is primarily asso-
ciated with familial risk for SZ rather than BD. SZ-R
experienced delays even when responses were nearly pre-
scriptive. In contrast, the ability to withhold overlearned
verbal responses and to switch to task appropriate
responses in the inhibition condition of the HSCT emerged
as a shared feature of familial risk to both disorders albeit
being more pronounced in SZ-R. This pattern may not be
unique to language based tests as it has been found in other
tasks such as antisaccade tasks [11, 22].
Neuropsychological test performance cannot directly
inform about the neural circuitry involved. However, given
the wealth of knowledge on the neural correlates of the
COWA and HSCT some inferences about the possible
brain networks involved is possible. Successful perfor-
mance during cued word generation relies on the integrated
engagement of prefrontal-temporal networks [28]. In these
tasks, performance correlates with the degree of activation
of the dorsolateral prefrontal cortex (PFC) particularly on
the left [28, 38]. The function of the lateral PFC relates to
the representation and maintenance of contextual infor-
mation (in other words “task rules”), which are then
implemented in posterior cortical regions. In the case of
word production, the most relevant PFC connections are
with the lateral superior temporal regions. This is also true
of the initiation condition of the HSCT [9]. In contrast,
cued word production does not engage the ventral PFC,
which only becomes relevant during the inhibition condi-
tion [9]. We would therefore suggest that our data point to
the primacy of dorsolateral PFC involvement in the path-
ophysiological mechanisms related to the risk for SZ but
not BD. Ventral PFC abnormality, although not unique to
BD, may be a core biological correlate for this disorder.
This model although appealing and consistent with other
work in the field [7, 10, 15, 50] would require further
investigation using appropriate neuroimaging techniques.
There are several methodological considerations. The
sample size is relatively small, and theoretically it may not
be representative of general performance in relatives of
people with SZ or BD. This is probably not the case here
given the internal consistency of the results, their resonance
with existing literature and the magnitude of the observed
effect size [5, 40, 44]. Although the relatives included in
our study were free of any psychiatric disorder, it is con-
ceivable that they may develop mental health problems at
some future point. However, we consider this unlikely
since the mean age of both relative groups suggest that
most of them were past the risk period for SZ and BD. It is
also unlikely that the increased error rate in the HSCT

reflects poor motivation or “impulsive” responding. Both
relatives’ groups significantly increased their response time
in the inhibition condition, which is likely to reflect
increased effort invested in the task.
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