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ABSTRACT

Background. Despite increasing awareness of the extent and severity of cognitive deficits in major
depressive disorder (MDD), trials of cognitive remediation have not been conducted. We conducted
a 10-week course of cognitive remediation in patients with long-term MDD to probe whether
deficits in four targeted cognitive domains, (i) memory, (ii) attention, (iii) executive functioning and
(iv) psychomotor speed, could be improved by this intervention.

Method. We administered a computerized cognitive retraining package (PSSCogReHab) with
demonstrated efficacy to 12 stable patients with recurrent MDD. Twelve matched patients with
MDD and a group of healthy control participants were included for comparison; neither com-
parator group received the intervention that involved stimulation of cognitive functions through
targeted, repetitive exercises in each domain.

Results. Patients who received cognitive training improved on a range of neuropsychological tests
targeting attention, verbal learning and memory, psychomotor speed and executive function. This
improvement exceeded that observed over the same time period in a group of matched compari-
sons. There was no change in depressive symptom scores over the course of the trial, thus im-
provement in cognitive performance occurred independent of other illness variables.

Conclusions. These results provide preliminary evidence that improvement of cognitive functions
through targeted, repetitive exercises is a viable method of cognitive remediation in patients with
recurrent MDD.

INTRODUCTION

Major depressive disorder (MDD) affects ap-
proximately 9.5% of the North American
population (Robins & Regier, 1990). Although
its effects are variable, MDD can cause impair-
ment in cognitive functioning across multiple
domains, including executive functioning and
memory, with associated loss of productivity

(Kessler et al. 2006). Among the most consistent
deficits in patients with MDD is impairment on
tests involving the conscious recollection of
facts or events ; this recollective memory deficit
may be most severe in patients with long-
standing illness or multiple episodes (MacQueen
et al. 2002). By contrast, performance on im-
plicit memory tasks, involving unconscious
recollection or learning, appears similar to that
of healthy comparison subjects (Roediger &
McDermott, 1992). Recent studies also point
towards executive dysfunction on tasks involv-
ing the selection, timing, monitoring and
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interpretation of behavior, including working
memory and selective attention (e.g. Landro
et al. 2001; Harvey et al. 2004; but see Zakzanis
et al. 1998), in patients with MDD. Although
these cognitive deficits persist into the euthymic
state in some patients (e.g. Paradiso et al. 1997),
their implications for day-to-day functioning
are not understood and targeted trials of cogni-
tive remediation have not been conducted.
Because cognitive dysfunction is not reliably
present early in the course of illness, it may be
amenable to strategies aimed at preventing or
reducing functional impairment. In the present
study, we administered the first reported course
of cognitive remediation therapy to patients
with MDD.

In brief, cognitive remediation involves the
application of systematic instruction and struc-
tured experience to alter the functioning of
cognitive systems, with the aim of improving the
quality or quantity of cognitive processing in the
targeted domain(s) (Robertson & Murre, 1999).
Although the mechanisms underlying functional
change are poorly understood, repeated stimu-
lation of impaired cognitive functions through
targeted, repetitive exercises has been shown to
improve cognitive performance in patients with
psychiatric illness, most prominently schizo-
phrenia (Bell et al. 2001, 2003; Fiszdon et al.
2004, but see van der Gaag et al. 2002; Ueland
& Rund, 2004 for exceptions). Indeed, the cog-
nitive deficits in MDD are not unlike those
observed in other patient populations suffering
neurological illness or insult (e.g. schizophrenia,
traumatic brain injury, healthy aging), where
numerous studies show that targeted inter-
ventions can partially remediate altered function
(Robertson & Murre, 1999; Levine et al. 2007).
The domains targeted in these interventions
include memory, sustained attention, reaction
time and executive functioning, all areas that are
disrupted in chronic MDD (Veiel, 1997; Landro
et al. 2001; Fossati et al. 2002, 2004; Garcia-
Toro et al. 2003; Sevigny et al. 2003; Harvey
et al. 2004; Lampe et al. 2004; Stordal et al.
2004; Paelecke-Habermann et al. 2005; Gorlyn
et al. 2006), perhaps as a result of altered
hippocampal and frontal lobe functioning re-
lated to long-term illness (MacQueen et al.
2003).

Here, we used PSSCogReHab, a computer-
ized intervention package with demonstrated

efficacy (Bracy, 1994), to provide computer-
assisted cognitive retraining (CACR) to 12
MDD patients with long-term illness (see
Table 1 for disease profile). This package has
been implemented successfully across multiple
disease profiles (see, for example, Chen et al.
1997), including in patients with psychiatric ill-
nesses such as schizophrenia (Hogarty et al.
2004). Twelve matched patients with MDD
who did not receive training and a group of
healthy control participants were included for
comparison, with performance measured at
baseline and at the conclusion of the 10-week
intervention period. The objective of this
study was to evaluate the feasibility of using this
program to remediate performance in four tar-
geted domains: (i) memory, (ii) attention, (iii)
executive functioning and (iv) psychomotor
speed.

METHOD

All participants provided written informed
consent. The study was approved by the re-
search ethics board of St Joseph’s Healthcare
Hamilton.

Participants

Patients with unipolar depression were recruited
from the out-patient registry in the Mood
Disorders Program at St Joseph’s Healthcare

Table 1. Demographic and clinical
characteristics of the sample

CACR
(n=12)

UC
(n=12)

HC
(n=22)

Sex (M/F) 5/7 5/7 6/16
Age (years) 50.3 (6.4) 47.4 (6.8) 49.1 (9.0)
Education (years) 15.8 (2.8) 15.1 (5.2) 15.1 (3.2)
Estimated IQ 120.0 (5.2) 118.3 (4.4) 119.9 (7.1)
Duration of illness (years) 14.0 (8.4) 21.1 (12.7) N.A.
Number of affective episodes 8.1 (9.3) 10.0 (9.9) N.A.
HAMD 17 score at baseline 13.0 (6.5) 7.5 (5.4) 1.6 (1.8)
YMRS score at baseline 0 (0) 0.5 (1) 0 (0)
HAMD 17 score at testing 12.0 (8.2) 8.1 (8) 1.5 (1.8)
YMRS score at testing (0) (0) 0.1 (0.6)

Values are n or mean (standard deviation).
CACR, Computer-assisted cognitive retraining; UC, unipolar

comparison; HC, healthy controls ; M, male ; F, female; IQ, intelli-
gence quotient ; N.A., not applicable ; HAMD 17, 17-item Hamilton
Depression Rating Scale ; YMRS, Young Mania Rating Scale.
Patient groups did not differ significantly on any of these variables

(p>0.05), with the exception of the HAMD.

1230 S. Elgamal et al.

https://doi.org/10.1017/S0033291707001110 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291707001110


in Hamilton. The diagnosis of MDD was con-
firmed by the Structured Clinical Interview for
DSM-IV (SCID; First et al. 2001). The CACR
group consisted of 12 MDD patients (mean
age=50.26 years, S.D.=6.41; seven women)
who received PSSCogReHab training. A com-
parator group (unipolar comparison, UC) of 12
age- and gender-matched MDD patients (mean
age=47.42 years, S.D.=6.78; seven women) did
not receive the intervention.

None of the patients (CACR or UC) were
acutely ill at the time of training but all had a
long-term history of depressive illness. On av-
erage, patients in the CACR and UC groups
had experienced 8.1 (9.3) and 10.0 (9.9) previous
episodes of depression respectively ; the number
of previous episodes did not differ significantly
across these patient groups (p>0.05). Both
patient groups were treated with stable doses of
antidepressant medication throughout the in-
terval between assessments and none began a
new program of structured psychotherapy over
this period.

A second comparator group consisted of 22
healthy comparison participants (HC) with no
history of psychiatric illness (mean age=49.1
years, S.D.=9.0; 16 women), as confirmed by the
SCID. These participants were recruited from
an established research database at our clinic.
The National Adult Reading Test was used to
estimate pre-morbid IQ (Nelson & Willison,
1991).

Exclusion criteria were: (1) receipt of electro-
convulsive therapy within 12 months prior to
assessment; (2) overt sensorimotor disturbances
at time of the initial assessment; (3) anti-
cholinergic or antipsychotic medication use; (4)
history of closed head injury resulting in loss
of consciousness ; (5) untreated active medical
illness (e.g. diabetes) ; (6) identified learning
disability or diagnosis of attention deficit
hyperactivity disorder (ADHD); (7) substance-
related disorder within the past 6 months; (8)
lifetime history of substance dependence; (9) use
of alcohol or illicit psychoactive substance
within 48 h of testing; and (10) history of
neurological disease.

Demographic and clinical characteristics of
the study sample are presented in Table 1. There
were no significant differences in age, sex, years
of education, and estimated IQ between the
three groups at initial assessment (p>0.05; see

Table 1). Participant scores on the clinical out-
come measures are discussed later.

Cognitive measures

All participants received neuropsychological
assessment at baseline and at conclusion of the
10-week intervention period. Because enrollees
were known by the trainers to be patients, cog-
nitive assessments were conducted by indepen-
dent staff members trained in administration of
the test battery. Collectively, the neuropsycho-
logical battery provided assessment of the four
domains, memory, attention, executive func-
tioning and psychomotor speed, targeted by
the intervention program. The assessment bat-
tery included a number of measures: (i) the
California Verbal Learning Test (CVLT; Delis
et al. 1987), a measure of episodic verbal learn-
ing and memory, retroactive and proactive in-
terference and strategy used to remember the
information; (ii) Ruff’s 2&7 Selective Attention
Test (Ruff & Allen, 1996), a speeded measure
of voluntary visual selective attention; (iii) the
Wechsler Adult Intelligence Scale – Revised
(WAIS-R) Digit Span Forwards and Backwards
subtests (Wechsler, 1997), measures of main-
tenance and manipulation in working memory,
and of attention span; (iv) the WAIS-R Simi-
larities subtest (Wechsler, 1997), a measure of
abstract verbal reasoning (e.g. ‘In what way are
an apple and a pear alike and/or unalike?’) ; (v)
Trail Making Test – parts A and B (Reitan &
Wolfson, 1985), measures of speed for attention,
sequencing, mental flexibility and of visual
search and motor function; and (vi) the pho-
netic and category (semantic association)
versions of the Controlled Oral Word As-
sociation Test (COWAT; Benton et al. 1983),
both speeded measures of verbal associ-
ation fluency, where participants are required
to produce spontaneously words beginning
with a given letter (i.e. F, A and S) or of a given
class (i.e. animals) within a limited amount of
time.

Clinical measures

In order to equate the patient groups, mood
was also assessed at each assessment using the
17-item Hamilton Depression Rating Scale
(HAMD; Hamilton, 1960) and the Young
Mania Rating Scale (YMRS; Young et al. 1978;
see Table 1). Scores on these scales confirmed
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the absence of subthreshold symptoms in the
HC group.

Intervention

The PSSCogReHab cognitive remediation soft-
ware program is described extensively elsewhere
(Chen et al. 1997). In brief, intervention involves
the administration of five software packages
aimed at improving performance in four cog-
nitive domains : attention, verbal memory,
psychomotor speed and executive function.
Initially, participants perform simple tasks in a
single cognitive domain (e.g. memory), followed
by multi-domain tasks (e.g. memory and atten-
tion) and, once successful, graduate to complex
tasks that rely upon problem-solving skills. The
hallmark of this program is repetition. The
program begins with perceptual and attentional
tasks, in both the auditory and visual modality.
Within each domain, the tasks become increas-
ingly more difficult, requiring, for example,
greater periods of sustained attention, or the
tracking of multiple cues. The client progresses
through each domain, and from one domain to
the next, at his or her own pace. Each task is
repeated until the client has mastered it. The
problem-solving tasks at the end of the training
regimen build upon and integrate previously
trained skills, such as memory, perceptual at-
tention and visual imagination. For example,
the Odd One Out task requires the client to
choose one out of four cards that is different
from the others in some way. To do so, the client
must be able to visually attend to and logically
compare the four cards, placing demands on
working memory and other executive skills. The
client also has to determine the dimension of
comparison, which could be geometric or rely
on some other abstract quality.

Both human and animal studies suggest a
salutary effect of complex mental exercise on
cognitive performance (e.g. Winocur et al. 2005;
Willis et al. 2006; but see Salthouse, 2006).
Following each training session, participants
were given the option of engaging in a 15-minute
session of a computer game (chess/checkers or
Carmen Sandiego) to improve strategy, atten-
tion and problem-solving skills. In the com-
mercial game Where in the World is Carmen
Sandiego, players must decode and integrate
complex cues to reach a specified goal within a
set time.

Procedure

The treatment group completed the training
sessions individually, in a quiet room, over a
period of 10 weeks. PSSCogReHab training
sessions ranged in duration from 45 to 60 min-
utes, after which participants were free to en-
gage in computer games. On average, CACR
participants completed two PSSCogReHab
training sessions weekly, and were encouraged
to supplement their formal training with ‘ infor-
mal challenging’ games both on-site and at
home. The PSSCogReHab software was in-
stalled on an IBM Pentium III computer and
was presented on a 15-inch SVGA IBMmonitor
placed at a comfortable viewing distance from
participants. Participants were asked to read
the instructions as they appeared on the screen,
with minimal input from the experimenter.
Cognitive assessments, conducted pre- and post-
remediation, were carried out independently of
the trainers.

Statistical analyses

Change on the cognitive and clinical measures
over the intervention period was analyzed using
mixed-design analyses of variance (ANOVAs),
treating Group (CACR, UC and HC) as a be-
tween-subjects variable and Time (pre and post)
as a within-subjects variable. Paired-sample
t tests were used as follow-up measures to com-
pare the magnitude of performance change in
each group. One-way ANOVAs treating group
as a between-subjects variable were used to as-
sess group differences in performance at pre-
and post-testing. Follow-up comparisons were
made using Tukey’s Honestly Significantly
Different Test. The results of these analyses are
summarized in Table 2 and are not discussed
further here.

All tests were conducted with a set at 0.05.

RESULTS

Cognitive measures

CVLT performance

There was a main effect of Time on immediate
free recall of the summed items recalled
across all five learning trials [F(1, 43)=46.82,
p<0.001]. This effect was mediated by group
membership (see Fig. 1; Table 2). Although
there was no main effect of Group, a significant
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Table 2. Pre- and post-intervention performance of groups on cognitive measures

Variable

CACR group (n=12) UC group (n=12) HC group (n=22)

Pre Post Pre Post Pre Post

California Verbal Learning Test
Immediate free recall, sum of five trials 58.17 (9.69) 69.00 (6.55) 61.00 (10.56) 65.58 (8.43) 61.41 (9.03) 66.86 (8.31)
Immediate free recall list B 7.42 (2.23) 9.17 (1.99) 8.08 (2.39) 9.33 (2.87) 8.05 (1.81) 8.73 (2.41)
Short delayed free recall 12.17 (2.29) 15.67 (0.65)c 12.08 (2.75) 13.17 (2.48)b 12.86 (2.61) 14.05 (1.99)
Short delayed cued recall 13.00 (1.95) 15.25 (1.06) 13.25 (3.05) 14.25 (1.71) 13.77 (1.82) 14.68 (1.89)
Long delayed free recall 12.50 (2.28) 15.33 (1.15) 12.67 (3.08) 14.00 (2.13) 13.27 (2.62) 14.41 (1.92)
Recognition hits 15.67 (0.49) 15.75 (0.45) 15.00 (1.13) 15.58 (0.79) 15.50 (0.67) 15.68 (0.78)

Ruff’s 2&7 Selective Attention Test
Total speed 87.33 (13.76)a 104.25 (16.80) 96.33 (21.99) 97.58 (18.21)a 110.64 (19.160) 114.41 (19.15)

WAIS-R Digit Span subtest
Forwards 8.25 (3.25)b 9.08 (2.39) 8.83 (2.52) 9.25 (2.49) 10.36 (1.81) 9.64 (2.46)
Backwards 8.00 (2.76) 7.75 (2.38) 8.58 (2.19) 8.00 (2.17) 8.45 (2.04) 8.32 (2.36)

Trail Making Test
Part A 34.53 (8.59) 28.13 (6.02) 28.47 (7.31) 29.48 (7.69) 29.09 (7.57) 25.49 (6.37)
Part B 73.87 (21.11) 69.27 (28.26) 68.34 (19.13) 62.58 (21.00) 65.37 (18.96) 55.12 (17.08)

Controlled Oral Word Association Test
Phonemic (FAS) 40.42 (13.34) 48.33 (13.94) 44.67 (12.13) 46.67 (11.73) 44.55 (11.59) 47.18 (10.20)
Semantic (animals) 23.42 (4.83) 22.92 (5.30) 24.58 (4.10) 25.33 (4.40) 22.09 (4.48) 23.64 (5.30)

WAIS-R Similarities subtest 25.83 (5.13) 27.25 (3.67) 26.83 (2.99) 25.50 (3.02) 25.55 (4.22) 25.05 (3.62)

WAIS-R, Wechsler Adult Intelligence Scale – Revised; CACR, computer-assisted cognitive retraining; UC, unipolar comparison; HC,
healthy controls ;

a Performance significantly lower than HC group (p<0.05).
b Performance marginally lower than HC group (p=0.05).
c Performance marginally higher than HC group (p=0.06).
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FIG. 1. Group performance on the California Verbal Learning Test (CVLT): (a) immediate free recall summed; (b) short-delay
free recall ; (c) short-delay cued recall and (d) long-delay free recall performance. —m—, Healthy comparison group; – -&– -,
unipolar comparison group; – –X– –, computer-assisted cognitive retraining group.
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two-way interaction emerged between Time
and Group [F(2, 43)=3.34, p<0.05]. While all
groups showed improvement on the summed
items, the magnitude of this improvement
was greater in the CACR group [t(11)=x5.17,
p<0.001] compared to the UC [t(11)=x2.41,
p<0.05] and HC groups [t(21)=x4.07, p<
0.01].

There was a main effect of Time on inter-
ference List B learning [F(1, 43)=9.57, p<0.01]
but no main effect of Group or interaction be-
tween Group and Time. All groups showed re-
duced interference at post-testing.

There were main effects of Time for short-
delay free recall [F(1, 43)=35.99, p<0.001] and
cued recall [F(1, 43)=32.45, p<0.001], which
were mediated by group membership. Although
there was no main effect of Group for either of
these variables, a two-way interaction emerged
between Time and Group for both free recall
[F(2, 43)=5.65, p<0.01] and cued recall
[F(2, 43)=3.04, p<0.06]. Here, the UC group
showed no improvement on either measure
but both the CACR [free recall : t(11)=x5.75,
p<0.001; cued recall : t(11)=x4.19, p<0.01]
and HC groups [free recall : t(21)=x2.97,
p<0.01; cued recall : t(21)=x3.57, p<0.01]
showed improved performance, with the great-
est improvement in the CACR group. There
was also a main effect of Time [F(1, 43)=37.28,
p<0.001] for long-delay free recall performance
in the absence of a Group main effect. A two-
way interaction was observed between Time
and Group [F(2, 43)=3.35, p<0.05], where the
magnitude of improvement on long delay
free recall was greatest in the CACR group
[t(11)=x4.62, p<0.001] relative to the UC
[t(11)=x3.28, p<0.01] and HC [t(21)=x2.72,
p<0.05] groups.

Finally, there was a main effect of Time
[F(1, 43)=5.01, p<0.05] on the number of
recognition hits made, but no main effect of
Group or interaction between Time and Group
(p>0.05). All groups improved on this measure.

Ruff ’s 2&7 Selective Attention Test
performance

There were main effects of Time [F(1, 43)=
22.42, p<0.001] and of Group [F(1, 43)=4.71,
p<0.05] on total speed for this measure, me-
diated by a significant two-way interaction be-
tween these variables [F(2, 43)=8.87, p<0.001].

Total speed improved in the CACR group
[t(11)=x4.33, p<0.01] but there was no
improvement in the UC and HC groups (see
Fig. 2).

WAIS-R Digit Span Forwards and Backwards
performance

There was a significant interaction between
Time and Group for Digit Span Forwards per-
formance [F(2, 43)=3.98, p<0.05]. The main
effects of Time and of Group were not signifi-
cant, however. The CACR group improved on
this measure [t(11)=x2.42, p<0.05], but the
UC and HC groups did not (see Fig. 3).

Neither the main effects of Time or of Group
nor the interaction between these variables
achieved significance for Digit Span Backwards
performance (p>0.05).

Trail Making Test : Parts A and B performance

There was a main effect of Time on speed
of responding on Part A of the Trail Making
Test [F(1, 43)=9.68, p<0.01], but no main
effect of Group. The effect of Time was me-
diated by a significant two-way Group by Time
interaction [F(2, 43)=4.29, p<0.05]. Whereas
the UC group showed no improvement on
this part of the measure, both the CACR
[t(11)=3.21, p<0.01] and HC [t(21)=2.63,
p<0.05] groups showed improved performance,
although the magnitude was greatest in the
CACR group (see Fig. 3).

There was also a main effect of Time on speed
of responding on Part B of the Trail Making
Test [F(1, 43)=6.06, p<0.05] but no main effect
of Group or interaction between Time and
Group.
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FIG. 2. Group performance on Ruff’s 2&7 Selective Attention Test
total search speed. —m—, Healthy comparison group; – -&– -, uni-
polar comparison group; – –X– –, computer-assisted cognitive
retraining group.
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COWAT performance

There were main effects of Time on total score
for the phonemic (FAS) version of the COWAT
[F(1, 43)=10.24, p<0.01] but no main effect of
Group (p<0.05) or interaction between Time
and Group (p>0.05). The groups improved
equally at post-testing on this measure.

Neither the main effects of Time or of Group
nor the interaction between these variables
achieved significance for performance on the
semantic version of the COWAT.

WAIS-R Similarities subtest performance

Neither the main effects of Time or of Group
nor the interaction between these variables
achieved significance for performance on the
WAIS-R Similarities subtest (p>0.05).

Clinical measures

Neither the CACR nor the UC group had
changes in mood symptoms over the 10-week
testing period; HAMD scores at pre- and post-
testing did not differ significantly for either
group (p>0.05). A between-subjects ANOVA
revealed a main effect of group on HAMD
scores at baseline [F(2, 43)=26.22, p<0.001] ;
however, Tukey post-hoc testing indicted that
the CACR group had higher baseline HAMD
scores than the UC group (p<0.05). Hence, we
repeated our analysis using change in HAMD
scores from pre- to post-testing as a covariate in
an analysis of covariance (ANCOVA) design.
All main effects and interactions remained
significant at the p<0.05 level in this analysis,
with the exception of the interaction between
Time and Group for the total number of items

recollected at immediate free recall on the
CVLT, which became marginally significant
[F(2, 42)=3.10, p=0.06], and the main effect
of Group on total speed for Ruff’s 2&7 test,
which was no longer significant [F(2, 42)=2.31,
p>0.05].

DISCUSSION

The main finding in this study is the improve-
ment in cognitive performance observed in a
group of patients with MDD following 10 weeks
of cognitive remediation therapy. The improve-
ment exceeded that observed over the same
time period in a group of matched patients and
healthy controls who did not receive the inter-
vention and improvement was apparent on a
range of tests targeting attention, verbal learn-
ing and memory, psychomotor speed and
executive function. These results provide pre-
liminary evidence that stimulation of cognitive
functions through targeted, repetitive exercises
is a viable method of cognitive remediation in
patients with recurrent major depression. These
effects cannot be attributed to improvements in
patients’ mood symptoms over the 10-week
training period; neither the CACR nor the UC
group had significant improvement in HAMD
scores over pre- and post-testing. Moreover,
when we controlled for minor changes in
HAMD scores over pre- and post-testing, our
results remained stable.

To our knowledge, this is the first study to
probe the effects of cognitive remediation
in patients with unipolar depression. Our inter-
vention involved a bottom-up approach, tar-
geting behavior in particular domains (Levine
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FIG. 3. Group performance on: (a) Part A of the Trail Making Task and (b) Digit Span Forwards. —m—, Healthy comparison
group; – -&– -, unipolar comparison group; – –X– –, computer-assisted cognitive retraining group.
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et al. 2000). While this approach is less likely
to promote generalization, it yields the benefit of
impacting specific behaviors. Here, we saw im-
provement in the CACR group’s performance
that exceeded that of the comparator groups on
the immediate free recall, short-delay and long-
delay free recall subtests of the CVLT, a com-
monly administered test of verbal learning and
memory. Similarly, the CACR group showed
the strongest performance gains, relative to
controls, on Ruff’s 2&7 test, a speeded measure
of selective and sustained attention, and on two
indices of attention and working memory, the
Digit Span Forwards subtest of the WAIS and
Part A of the Trail Making Test. Collectively,
these tasks tap executive functions involved in
the selection, timing, monitoring and interpret-
ation of behavior (Mesulam, 2002) and map
readily onto the domains targeted by our inter-
vention program.

The improvement in performance in the
CACR group did not exceed that of the com-
parator groups on all tasks. The equivalent
gains across groups on some tasks in our battery
may stem from multiple factors, including the
possibility that aspects of these tasks (e.g. WAIS
Similarities subtest ; COWAT task) tap cogni-
tive functions (e.g. semantic knowledge; vo-
cabulary) distinct from those targeted by the
intervention program. Alternatively, it may be
that some, but not all, of the cognitive functions
measured by our assessment battery are amen-
able to the intervention taken here. Overall,
however, our findings are in line with earlier re-
ports that show that targeted, repeated inter-
ventions can partially remediate altered
function in psychiatric illness, most prominently
schizophrenia (Bell et al. 2001, 2003; Fiszdon
et al. 2004; but see van der Gaag et al. 2002;
Ueland & Rund, 2004 for exceptions), and ex-
tend these finding to MDD. Moreover, these
performance gains occurred as the result of an
easily administered, computerized intervention
(Bracy, 1994) that minimizes the output of re-
sources and is relatively inexpensive to acquire
and to administer.

While it was not the case that our MDD
patients showed clear-cut impairment on the
cognitive measures prior to the onset of re-
mediation, this pattern is consistent with the
overall cognitive profile of MDD patients pres-
ented in the research literature, where deficits

may be subtle and highly variable among
patients (e.g.MacQueen et al. 2003). This pattern
is illustrated in Table 2, where patient scores on
the cognitive measures fell consistently below
that of the HC group, but in few cases were
these scores found to differ by statistical testing.
Although these differences were not wide at in-
itial assessment, it was the CACR group who
showed the most improvement following the
application of remediation therapy, demon-
strating the efficacy of this approach in im-
proving what may be only subtly reduced
performance in some MDD patients.

There were several limitations to our study,
including the small sample size. Despite limited
power, however, we found a number of signifi-
cant performance improvements related specifi-
cally to the effects of the cognitive intervention.
Our approach relied upon multiple analyses,
raising the possibility of Type I errors. We con-
sider this unlikely, however, given the consist-
ency of positive findings both within and across
our various cognitive measures, which arose
from small samples, themselves unlikely to in-
flate the statistical indices.

Although future studies will undoubtedly in-
corporate randomized control trials, in the
present probe, patients with a history of MDD
were given the option of enrolling in the CACR
trial or in the matched control group. While this
approach added the potential for selection ef-
fects, it served to increase overall motivation
and likelihood of adherence to the training
regimen and it reflects the possible outcome of
real-world patients who will, in future, self select
whether to participate in such programs or not.
We could not exclude the possibility that per-
formance gains in the CACR group are related,
in part, to the therapeutic effects of social con-
tact. Social contact, however, was kept to a
minimum by the fact that the remediation pro-
gram was computer based. Moreover, if social
contact was primarily responsible for increases
in participant performance, we would predict a
concurrent increase in mood scores in the
CACR group relative to the control groups; this
did not occur. Finally, because the study in-
cluded both the formal computerized retraining
and encouragement to engage in challenging
games, we cannot estimate how much improve-
ment was secondary to either component of the
program.
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This is a preliminary probe of the effects of
targeted remediation on cognitive function in
MDD. Future studies will be required to exam-
ine the generalization of similar interventions to
non-targeted areas of cognitive functions, the
long-term sustainability of performance im-
provements, and the functional significance of
such improvement. Nonetheless, this study
provides the first indication that successful
treatment of cognitive deficits associated with
MDD can be achieved through cognitive re-
mediation. Importantly, these targeted cognitive
interventions have no known adverse effects,
rendering them safer than the use of pharma-
cological cognitive enhancers by avoiding the
problems of drug–drug interactions and the
side-effect burden that can occur with poly-
pharmacy. Ultimately, cognitive retraining may
translate to interventions aimed at decreasing
medical-related disability, improving functional
capacity, and enhancing the day-to-day func-
tioning for the group of people with depression
who experience significant cognitive disability
associated with the illness.
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