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Abstract
Rationale Cognitive impairments are important determi-
nants of functional outcome in psychosis, which are
inadequately treated by antipsychotic medication. Modafi-
nil is a wake-promoting drug that has been shown to
improve attention, memory and executive function in the
healthy population and in patients with schizophrenia.
Objectives We aimed to establish modafinil’s role in the
adjunctive treatment of cognitive impairments in the first
episode of psychosis, a time when symptoms may be more
malleable than at chronic stages of the disease.
Methods Forty patients with a first episode of psychosis
participated in a randomised, double-blind, placebo-
controlled crossover design study assessing the effects of
a single dose of 200 mg modafinil on measures of executive
functioning, memory, learning, impulsivity and attention.
Results Modafinil improved verbal working memory (d=
0.24, p=0.04), spatial working memory errors (d=0.30, p=
0.0004) and strategy use (d=0.23, p=0.03). It also reduced
discrimination errors in a task testing impulsivity. Modafinil
showed no effect on impulsivity measures, sustained
attention, attentional set-shifting, learning or fluency.

Conclusions Modafinil selectively enhances working mem-
ory in first episode psychosis patients, which could have
downstream effects on patients’ social and occupational
functioning.

Keywords Modafinil . Schizophrenia . Psychosis .

Cognition .Working memory . Strategy use . Inhibition
control

Introduction

Psychotic disorders are debilitating mental illnesses charac-
terised by disorganised thoughts and speech, hallucinations,
delusions, and cognitive and emotional impairments. Cogni-
tive impairments are common, often appearing before the onset
of the psychotic syndrome (Salokangas and Mcglashan 2008)
and contribute to poor functional outcomes (Green 2006).
People with schizophrenia have abnormalities in attention,
memory, verbal processes, impulsivity and executive func-
tions, and deficits are present in first episode psychosis (FEP),
often before a formal diagnosis of schizophrenia can be
established (Addington et al. 2006). Abnormalities in
working memory have been observed at all stages of the
illness (Joyce et al. 2002; Pantelis et al. 2009), whereas
cognitive flexibility seems to be progressive during the course
of schizophrenia (Pantelis et al. 2009). Chronic schizophrenia
and FEP patients also share deficits in inhibitory control
(Enticott et al. 2008; Huddy et al. 2009) and verbal memory
(Doughty and Done 2009; Leeson et al. 2009a).

Antipsychotics are the current pharmacological treatment
for psychotic disorders. They show efficacy for positive
symptoms, such as hallucination and delusions, but are less
effective in treating patients’ cognitive impairments (Keefe
et al. 2004; Purdon et al. 2000; Remington et al. 2010).
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Modafinil is a central nervous system wake-promoting
agent indicated for the treatment of excessive daytime
sleepiness. Although its mechanisms are relatively un-
known, human and animal research suggests that it directly
or indirectly activates the dopaminergic (De Saint Hilaire et
al. 2001; Volkow et al. 2009), glutamatergic (Ferraro et al.
1999), noradrenergic (De Saint Hilaire et al. 2001;
Minzenberg et al. 2008) and serotonergic (De Saint Hilaire
et al. 2001) systems in several regions of the brain,
including the prefrontal cortex, hippocampus, hypothala-
mus and striatum, whereas it inhibits GABAergic pathways
in the same cerebral regions (Ferraro et al. 1999). The
hippocampus and its interplay with the prefrontal cortex
control brain states associated with memory, and it is likely
that modafinil improves this function by inducing changes
in the neurotransmitter composition in these areas.

Modafinil has been shown to improve working memory
in animals (Pierard et al. 2007), healthy humans (Turner et
al. 2003) and individuals with neuropsychiatric disorders
(Turner et al. 2004a, b). It has also shown enhancement in
learning processes in animals (Beracochea et al. 2002) and
improvement in attention, memory, inhibitory control and
executive function in healthy (Turner et al. 2003) and sleep-
deprived volunteers (Wesensten et al. 2005) and narcoleptic
(Saletu et al. 2007) and ADHD (Turner et al. 2004a)
patients. There are also studies that have failed to show any
beneficial effect of the drug on cognitive function (Saletu et
al. 1989; Smith et al. 2004); however, none of those show
detrimental effects of modafinil on cognition. These
contrasting results may in part be due to differences in
study design, such as dosage, sample size, population and
the cognitive domains assessed.

In chronic schizophrenia, modafinil has been shown to
improve deficits in cognition as measured by tests of
attention (Park et al. 2007), working memory (Hunter et al.
2006), verbal fluency and inhibitory control (Minzenberg et
al. 2009). In a previous study of 20 patients in a crossover
design (Turner et al. 2004b), we showed that a single 200-
mg dose improved cognitive flexibility, increasing the
number of patients who were able to achieve the crucial
extra-dimensional stage of the intra-extra dimensional
(IED) set-shifting task (Roberts et al. 1988), an attentional
shift similar to that required in the Wisconsin Card Sorting
Test. In the same study, modafinil also improved short-term
and working memory and increased deliberation time
during the Tower of London spatial planning task. Never-
theless, no studies have assessed the effect of modafinil at
early stages of schizophrenia or other psychoses. The past
decade has seen increasing focus on research and treatment
in the early phases of psychotic illness as it is thought to be
a critical period which is likely to have important
implications for patients’ future health over the remainder
of their life-course (Mcgorry et al. 2009; Thomas and

Nandhra 2009). Conceptually, it is useful to study psychotic
illness during this early phase where precise diagnostic is
uncertain because the factors that cause psychosis may be
different from those that lead to chronicity or that shape a
particular diagnosis course.

Therefore, this study aimed to probe the mechanisms of
modafinil’s action across cognitive domains and to assess
whether it remediates cognitive impairments in FEP, which
may be more tractable than those seen in chronic
schizophrenia. Following our previous results in patients
with chronic schizophrenia, we hypothesised that modafinil
would improve measures of working memory via its action
upon the dopamine and glutamatergic system in the
prefrontal and hippocampal areas of the brain. Attentional
set-shifting was also hypothesised to improve with mod-
afinil’s administration, through mechanisms that may
involve the noradrenergic system in the medial prefrontal
cortex and the striatum (Kehagia et al. 2010). In addition,
we hypothesised that FEP patients have problems of
impulsivity that may not be as severe as in chronic
schizophrenia and may be remediated by the administration
of modafinil. We predicted that modafinil would enhance
performance on measures of inhibitory control and reflec-
tion impulsivity. These are improved by modafinil in
healthy individuals (Turner et al. 2003) but not in patients
with chronic schizophrenia (Turner et al. 2004b). In
addition, we assessed the effects of modafinil on sustained
attention, learning and fluency in FEP patients. Patients
have deficits in these cognitive domains and we hypoth-
esised modafinil would be efficient in targeting these.
Modafinil has not been administrated to assess efficacy in
treating these cognitive impairments in chronic schizophre-
nia before. It may be of importance to try and remediate
these deficits at early stages of the disease.

Methods and materials

Samples and procedures

The study consisted of a randomised double-blind, placebo-
controlled, crossover design, with approximately half of the
participants randomised to receive a single oral dose of
200 mg modafinil on the first session, followed by a single
oral dose of a lactose placebo on the second session (M/P
group) and the other half of the participants randomised to
receive the placebo first, followed by modafinil (P/M
group).

FEP patients were recruited from Cambridge Assessment
and Management of Early Outcomes (CAMEO), the early
intervention service for psychosis in Cambridgeshire and
Peterborough—UK (www.cameo.nhs.uk). The inclusion cri-
teria for CAMEO are that patients must be aged between 17
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and 35 years, and suffering from first-episode psychosis
according to Melbourne criteria (Mcgorry et al. 1996) in that
they experience delusions, hallucinations or thought disor-
ders, or a combination, and are help-seeking; subjects with
sub-syndromal or at risk mental states were excluded.
Participants were required to have a good level of English
and were excluded for any history of head injury or major
learning disability. Patients were assessed during periods of
relatively stable symptoms. Most were taking atypical anti-
psychotics (ten were on risperidone, nine on aripiprazole,
eight on olanzapine, and three on quetiapine) and they were
asked to continue their treatment for ethical and practical
reasons.

Forty one patients were recruited for this study,
according to calculations based on previous studies
(Turner et al. 2003, 2004b) that predicted a power of
80% at α=0.05 to detect an effect size (Cohen’s d) of 0.45,
which seemed reasonable in terms of the clinical relevance
of any such impairment. The study was approved by the
Cambridgeshire 2 Research Ethics Committee (06/Q0108/
276) and after complete description of the study, written
informed consent was given by all participants prior to
testing. One patient was excluded from the study because
although he initially appeared to meet Melbourne criteria
for FEP, it became clear that his symptoms were better
characterised as at risk mental state (Yung et al. 2005) than
as FEP.

Volunteers were tested at the Addenbrooke’s Centre for
Clinical Investigation (ACCI) in Cambridge—UK. On both
visits, a short medical interview by a psychiatrist assessed
current symptoms and drug, alcohol and caffeine intake.
Participants were given a tablet containing either 200 mg
modafinil or placebo 2 h prior to a 2-hour neuropsycho-
logical tests battery. This dose of modafinil has its
maximum concentration at around 2 to 4 h after adminis-
tration and it has been well tolerated in previous studies.
Pulse and blood pressure were monitored hourly.

Cognitive assessment

The Cambridge Neuropsychological Test Automated Bat-
tery (CANTAB) (www.camcog.com) and other computer-
ised and pencil and paper tests were used. A motor
screening was performed on the touch-screen computer
before the cognitive tests and whenever possible, parallel
versions of the cognitive tasks were used in order to limit
practice effects. The majority of the tasks have been
previously described in detail elsewhere and readers are
directed to the cited references. Working memory was
assessed with the CANTAB Spatial Working Memory
(SWM) task (Owen et al. 1990) and the digit span test
(Wechsler 1981). Impulsivity was assessed with the Stop
Signal Task (SST) of motor inhibitory control (Aron et al.

2003) and the Information Sampling Test (IST), which
assesses reflection impulsivity (Clark et al. 2006). Verbal
and spatial learning were assessed with the Hopkins verbal
learning task (HVLT) (Rasmusson et al. 1995) and the
CANTAB Paired Associates Learning (PAL) (Robbins et al.
1997; Swainson et al. 2001) respectively. Attentional set-
shifting was assessed using the IED set shifting task
(Roberts et al. 1988) and sustained attention with the rapid
visual information processing (RVIP) test (Park et al. 1994).
Category fluency was also assessed (Marczinski and
Kertesz 2006). A brief description of the key measures for
each of the tasks is presented in Table 1. Studies with FEP
patients reliably find group deficits in all these tests when
compared with age- and IQ-matched controls.

Statistical analysis

In order to assess the effects of modafinil relative to
placebo, we used repeated-measures analysis of variance
(ANOVA) using a type III full factorial model. Drug
condition was defined as a within-subject factor, and order
modafinil was given in the paired trials (M/P or P/M) was
defined as a between-subject factor. Normality and homo-
geneity of data distribution were confirmed using the
Shapiro–Wilk and Levine tests, respectively. Where appro-
priate transformations did not result in normal distributions,
the non-parametric Wilcoxon test was used.

Some results indicated a drug-by-order effect (see
below). In these cases, the first and second visit data were
analysed separately, post hoc, using parametric (multivari-
ate or one-way) ANOVA or non-parametric Mann–Whitney
U tests. Post hoc analysis of the order modafinil was
administered was also performed using paired t tests. This
allowed us to partition practice effects. Effects sizes were
also calculated to compare different tests effects generated
within the study and with results from other studies.

Effect size ¼ Mean of the difference between outcomemeasures

Standard deviation of the difference between outcome measures

Bonferroni corrections for multiple comparisons were
applied to comparisons showing statistically significant
differences (Howell 1997). Data were analysed with SPSS
software version 15 for Windows.

SWM errors and latency measures from SST and IST
were normalised using a logarithmic transformation
(log). Discrimination errors from the SST were normal-
ised using a square root transformation (sqrt), and
successful stops from the same task were normalised
using a reflect sqrt.

Due to operational constraint during testing, SST data
were available for only 35 patients and HVLT data for 33
patients.
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Results

Demographic data, randomisation and adverse events

Randomisation of the sample was successful and resulted in
no statistically significant differences in age, gender,
ethnicity or premorbid IQ (Table 2). The average gap
between sessions was 12 days.

Among participants, 28 had a diagnosis of schizophre-
nia, six of bipolar disorder, two of depressive psychosis,
two of schizoaffective disorder and two of unspecified
psychosis.

There were no serious adverse events after modafinil’s
administration. There were three cases of mild adverse

events: After placebo administration, one case of itchiness
of the face was reported, and after modafinil administration,
two participants reported not being able to sleep the night
following the testing session.

Effect of modafinil on cognitive functions

Working memory

Spatial working memory Participants made significantly
fewer search errors on modafinil compared with placebo
[F(1,31)=15.55, p=0.0004] (Fig. 1a). There was a drug by
order interaction [F(1,31)=17.62, p=0.0002], but no main
effect of order modafinil was administered on this measure.

Table 1 Summary of neuropsychological tests

Task Description Outcome measures References

Working memory

Digit span Short-term memory test with increasingly longer list
of numbers to be repeated forward and backward

Number of sequences achieved
forward and backward score

Wechsler (1981)

SWM Spatial working memory and strategy performance test
to find blue tokens individually hidden behind boxes
randomly positioned on the computer screen

Errors (returning to a box where a
token has already been found)

Owen et al. (1990)

Strategy score (starting search
opening the same box sequences)

Impulsivity

SST Test of inhibitory control. Subjects have to rapidly press
a pad to the direction arrows point (‘go’ trials) and stop
when they hear a beeping noise (‘stop’ trials). An
algorithm allows estimation of the time taken to
internally suppress an initiated response

Go reaction time Aron et al. (2003)
SSRT (response inhibition latency)

Discrimination errors (error in
arrow’s direction)

Successful stops

IST Test of reflection impulsivity. Subjects have to make a
decision based on the minimum amount of information
they think is necessary to make the correct choice

Probability of correct responses Clark et al. (2006)
Latency in opening the boxes

Learning

PAL Test of the ability to form visuospatial associations,
and the number of remainder presentations required
to learn all the associations

First memory Robbins et al. (1997)
Total errors (adjusted)

HVLT Test of the ability to remember series of words,
immediately, after a learning session and with a delay
after a learning session. Ability to discriminate between
previously learned words and new words

Immediate memory Rasmusson et al. (1995)
Delayed memory

Discrimination score

Executive function

IDED Discrimination learning, testing the ability to selectively
attend to and set-shift between shape, color, or number
stimulus dimensions

Total errors (adjusted) Roberts et al. (1988)
Reversal errors

EDS errors

Attention

RVIP A test of sustained attention to detect infrequent 3-digit
sequences from serially presented digits

A′ (sensitivity for detecting
sequences)

Sahakian et al. (1989)

B″ (specificity for detecting
sequences)

Fluency

Category fluency Maximum number of one category names subjects
can remember in 1 min

Score Marczinski and
Kertesz (2006)

SWM spatial working memory, SST stop signal task, SSRT stop signal reaction time, IST information sampling task, PAL paired associates learning,
HVLT Hopkins verbal learning test, IDED intra-dimension extra-dimension set shifting, RVIP rapid visual information processing
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Post hoc analysis of the first and second session alone did
not show any significant differences between placebo and
modafinil administration. Post hoc analysis taking into
account the order subjects received the drug revealed a
statistically significant effect of the drug when it was
administered on the second visit (t=5.09, p=0.0002;
Fig. 1b). Modafinil also significantly improved strategy
use [F(1,31)=4.98, p=0.03] (Fig. 1c), but this time, there
were no significant drug by order interactions or order
effects on this measure (Fig. 1d).

Digit span Modafinil significantly improved backward
(z=−2.11, p=0.04; Fig. 2a), but not forward digit span.
Post hoc analyses did not show any statistically signifi-
cant effect (Fig. 2b).

Impulsivity

Stop signal task Modafinil had no effect on stop signal
response time or the probability of successful inhibition.
Modafinil significantly decreased discrimination errors
[F(1,24)=5.51, p=0.03] (Fig. 3a). There was a drug by
order effect for latencies on “Go” trials [F(1,24)=5.02, p=
0.03], but post hoc analysis of the first visit alone, the
second visit or the order modafinil was administered
showed no effects of the drug on any of the SST outcome
measures (Fig. 3b).

Information sampling test Modafinil showed no signifi-
cant effects on the probability of correct responding of
the IST. It slowed response latencies at trend levels

Table 2 Demographic informa-
tion from all participants and M/
P and P/M subgroups
aParticipants who received
modafinil on the first session
and placebo on the second
bParticipants who received pla-
cebo on the first session and
modafinil on the second

All participants M/P groupa P/M groupb

n=40 n=21 n=19

Age (mean years±SD) 25±2 25±2 24±2

Gender (male, female) 31, 9 18, 3 13, 6

Ethnicity (white European, others) 37, 3 19, 2 18, 1

NARTc (mean score±SD) 112±2 112±3 112±4

Fig. 1 Spatial working memory results according to modafinil
administration. a Modafinil significantly reduced spatial working
memory (SWM) search errors in FEP patients [F(1,31)=15.55,
p=0.0004]; b Post hoc analysis from subjects who received modafinil
on the first visit or on the second visit showed that modafinil had a
statistically significant effect on SWM search errors when administered
on the second visit (t=5.09, p=0.0002); c Modafinil significantly

reduced SWM strategy use scores [F(1,31)=4.98, p=0.03], which
corresponds to an improvement in patients’ search strategy; d post hoc
analysis of the order the drug was administered did not show any
statistically significant effects of modafinil on SWM strategy use scores;
*p≤0.05 and **p≤0.01. SWM spatial working memory. Error bars
represent standard errors

Psychopharmacology (2012) 220:249–258 253



[F(1,37)=3.51, p=0.07]. This was not due to an effect of
modafinil on motor latency, as response speed during the
motor screening test was not affected by drug administra-
tion [F(1,37)=0.45, p=0.51]. There was a statistically
significant drug by order effect on IST reaction time
[F(1,37)=47.39, p=0.0004], but post hoc analysis of the
first visit only failed to show any effect.

Executive functions, sustained attention and learning

Modafinil showed no main effects on IDED attention
shifting, RVIP sustained attention, verbal fluency and
verbal learning tasks, and no order by drug interaction
effects. On the paired associates learning task, there was an
effect of drug by order for PAL memory score [F(1,38)=4.97,
p=0.03], but post hoc analysis did not show any drug
effects. No other significant effects were found on this task.

A summary of the cognitive results is presented in
Table 3. Means and standard deviations are reported for all
the cognitive measures on placebo and on modafinil, as
well as their corresponding effect sizes and significance p
values. Bonferroni correction indicated a p of 0.002, limited
to the reduction of errors in spatial working memory with
modafinil.

When the data of the 28 patients with a diagnosis of
schizophrenia were examined, the findings were generally

the same as for the entire dataset, despite the reduced
sample size. The improvement of between errors and
strategy use for the spatial working memory task with
modafinil’s administration remained statistically significant
(F=10.42, p=0.004 and F=4.25, p=0.05 respectively).
Digit backwards also remained significant (F=6.15, p=
0.02), and digit forward reached trend levels (F=3.13, p=
0.09). Improvements in discrimination errors of the stop
signal task reached trend levels (F=3.24, p=0.09). The
other tasks remained non-statistically significant.

Discussion

A single dose of modafinil improved cognitive performance
in working memory, a core cognitive deficit in psychosis.
Mild but consistent enhancement was found across a range
of tests, which assess the same cognitive constructs,
predominantly numeric and spatial working memory. The
effect on numeric working memory is consistent with
previous studies in ADHD (Turner et al. 2004a), chronic
schizophrenia (Turner et al. 2004b) and healthy volunteers
(Turner et al. 2003); hence, this effect is not specific to
psychotic disorders. The effects found in spatial working
memory may be specific to early psychosis (Turner et al.
2003, 2004a,b). For the first time, we have shown that a

Fig. 2 Digit backward results
according to modafinil adminis-
tration. a Modafinil statistically
significantly increased digit
backward scores in FEP patients
(z=−2.11, p=0.04); b post hoc
analysis of the order the drug
was administered did not show
any statistically significant
effects of modafinil on digit
backwards scores; *p≤0.05.
Error bars represent standard
errors

Fig. 3 Stop signal task discrim-
ination errors results according
to modafinil administration. a
Modafinil significantly reduced
stop signal task (SST) discrimi-
nation errors [F(1,24)=5.51, p=
0.03]; b post hoc analysis of the
order the drug was administered
did not show any statistically
significant effects of modafinil
on SST discrimination errors;
*p≤0.05. 1 SST stop signal task.
Error bars represent standard
errors
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single dose of modafinil reduced search errors and
improved strategy use in patients with FEP. These measures
reflect the ability to update online search every time a new
item is discovered in a determined place in space and to use
spatial strategy to enhance this search.

Surprisingly, modafinil did not show any improvement
in other measures of executive function, including the IED
attentional set-shifting test. We had previously shown that
chronic schizophrenia patients improved the number of
extradimensional stages completed in this task. Instead,
FEP patients had nearly optimal levels of success on
placebo, with more than 80% of patients passing all the
stages of the task, and modafinil administration did not
change these levels (data not shown). We had found similar
results in healthy volunteers (Turner et al. 2003), which
suggest that significant decline in attentional set-shifting in
schizophrenia probably arises from chronicity of the disease

or from the antipsychotic medication. This further confirms
the literature with regards to executive function being
gradually impaired with the disorder, compared to working
memory, for which impairments are shown at all stages of
the disease (Pantelis et al. 2009). However, a recent study
showed that attentional set-shifting remained stable over a
period of 6 years in a different group of first episode
psychosis patients (Leeson et al. 2009b). Longer longitudi-
nal studies are therefore needed to analyse the evolution of
the dysfunction, so it takes into account the first episode
psychosis patients group, who had an average of 14 months
of illness and the chronic schizophrenia group, who had an
average of 17 years of illness (Turner et al. 2004b) in our
different studies.

Working memory improvements did not appear to
depend on increased sustained attention or improved
inhibitory control, as modafinil showed no effect on the

Table 3 Summary of test results

Bold indicates values with
p<0.05 and italics with
0.05≤p≤0.1

Cognitive measure Placebo mean±SD Modafinil mean±SD Effect size p value

Digit span

Forwards score 8.5±2.1 8.9±2.4 0.16 0.17

Backwards score 6.8±2.7 7.3±2.6 0.24 0.04

SWM

Strategy score 31.8±7.1 30.4±6.6 0.23 0.03

Errors 25.6±21.0 21.3±21.8 0.30 0.0004

STOP

Go RT 343±61 349±76 0.16 0.61

Stop-signal RT 196±82 191±60 0.04 0.98

Discrimination errors 9.6±8.4 7.9±9.9 0.30 0.03

Successful stops 0.45±0.10 0.49±0.07 0.36 0.29

IST

p(correct) 0.7±0.1 0.7±0.1 0.08 0.45

Box opened latency 1162±803 1373±860 0.23 0.07

IDED

Total errors (adjusted) 26.4±23.9 33.1±42.8 0.07 0.54

Reversal errors 13.3±12.4 17.9±23.3 0.08 0.48

EDS errors 8.1±8.9 7.0±8.9 0.11 0.33

RVIP

A′ 0.89±0.1 0.89±0.1 7.8×10−4 0.99

B″ 0.91±0.2 0.90±0.2 0.15 0.19

PAL

First memory 15.0±3.6 14.8±3.9 0.19 0.59

Total errors (adjusted) 16.0±22.6 17.4±23.6 0.12 0.26

HVLT

Immediate memory 24.7±6.3 24.5±5.3 0.06 0.55

Delayed memory 8.3±2.4 8.0±2.7 0.17 0.14

Discrimination score 9.9±2.9 10.5±2.3 0.16 0.17

Category fluency

Score 20.1±6.7 19.9±6.8 0.03 0.80
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RVIP, and the key measures of SST and IST. Furthermore,
although modafinil improved spatial working memory, it
did not appear to have any effects on short-term learning as
evidenced by the lack of effect of the drug on spatial and
verbal learning. It was also observed that improvements in
spatial working memory were larger and significant when
modafinil was administered in the subjects’ second session,
after the placebo session, i.e. when subjects had already
experienced the task. This suggests the possibility of a
synergistic effect between the drug and previous cognitive
training at improving working memory.

The improvements induced by modafinil on working
memory are likely to reflect modafinil’s action through the
dopaminergic neurotransmission pathway (Robbins and
Arnsten 2009). Working memory function is highly
dependent on dopaminergic neurotransmission in the
prefrontal cortex (Robbins 2005), which is dysregulated in
schizophrenia (Constantinidis and Wang 2004). Modafinil
might help to recruit more dopamine in the dorsolateral
prefrontal cortex and ventrolateral prefrontal cortex, two
brain regions involved in the recruitment, maintenance and
processing of memorised items (Ungerleider et al. 1998),
hence improving working memory in FEP patients.

Working memory is a key pharmacological target for
cognitive enhancement in schizophrenia. It is possible that
it may be easier to improve these functions in FEP than it is
to try to repair them in schizophrenia once the cognitive
impairments are entrenched. Modafinil’s positive effect on
working memory remained significant even after Bonfer-
roni correction for multiple comparisons. Since working
memory impairments in neuropsychiatric disorders are
pervasive, these findings in FEP could have important
implications for other neuropsychiatric disorders where
problems of working memory have been identified,
including schizophrenia and attention deficit hyperactivity
disorder (Robbins and Arnsten 2009).

It would be of interest to replicate and extend the current
study to determine whether the effect of modafinil on
working memory is increased with concomitant cognitive
training, as suggested by our data. This would enable
modafinil to be acutely administered in combination with
cognitive therapy, a tool commonly used to help patients
with their impairments. Because of the selective and
specific nature of improvements in this acute study, it
cannot be assumed that modafinil would produce general
benefits with chronic treatment. The use of armodafinil, the
active enantiomer of modafinil, or higher doses of
modafinil may improve performance on these cognitive
domains, as modafinil appears to function in a dose-
dependent manner (Wesensten et al. 2004) and that
armodafinil has shown better efficacy compared to mod-
afinil (Darwish et al. 2009). We believe that these areas
merit further research.

This study showed for the first time that modafinil
improved working memory, a core cognitive deficit in the
first episode of psychosis, which remains substantially
impaired in schizophrenia. Given the known associations
between cognition and functional outcomes in schizophre-
nia, it is possible that the improvement in working memory
induced by modafinil could have a significant beneficial
effect on broader aspects of patients’ functioning, including
functional outcome, quality of life and wellbeing. In this
respect, pharmacological cognitive enhancement may be
most beneficial if implemented early in the disorder, prior
to chronic cognitive dysfunction and severe impacts on
functioning and quality of life (Beddington et al. 2008;
Sahakian et al. 2010).
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