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Summary
Objective The purpose of our functional magnetic res-
onance imaging (fMRI) study was to examine brain
activity using a “1-back” paradigm as working mem-
ory task in drug-naïve subjects with first episode
schizophrenia before and after cognitive remediation
training.
Methods In this study 15 drug-naïve first episode sub-
jects who met DSM-IV criteria for schizophrenia were
randomized to receive either atypical antipsychotics
(AP, n= 8) or atypical antipsychotics in combination
with cognitive remediation therapy (AP+CR, n= 7), 11
subjects had a follow-up fMRI examination after ther-
apy (AP, n= 5; AP+CR, n=6).
Results In 4 of the 6 AP+CR subjects the number of
activation clusters increased, whereas in 4 out of the
5 AP subjects the number of clusters decreased (mean
number of clusters: AP+CR= 5.53, SD 12.79, AP= –5.8,
SD 6.9).
Conclusion In this randomized study the number of
activation clusters during a working memory task in-
creased after cognitive remediation training. Our data
show that neurobiological effects of cognitive reme-
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diation can be identified in the very early course of
schizophrenia.
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Introduction

In subjects with schizophrenia cognitive dysfunction
is well documented, including impairment in atten-
tion, memory, executive function and social cognition
[1, 2]. These impairments are associated with poor so-
cial functioning and reduction of activities of daily liv-
ing [3]. Working memory is a core neuropsychological
component and is widely used in cognitive processes,
such as language comprehension and production,
reasoning and problem solving [4]. Working memory
deficits are well known in subjects with schizophre-
nia regardless of stimulus modality [5]. Therefore,
working memory dysfunction has been proposed as
a cognitive endophenotype of schizophrenia. Sev-
eral studies have demonstrated that subjects with
schizophrenia show reduced activation of brain re-
gions involved in working memory during a n-back
test [6–9].

To improve cognition in subjects with schizophre-
nia it was suggested to combine pharmacotherapy
with neuropsychological training [10]. A meta-anal-
ysis showed the positive effect of cognitive remedi-
ation programs in schizophrenia [11]. As reviewed
by Mothersill and Donohoe [12], 15 functional neu-
roimaging studies have reported increased neural ac-
tivation following cognitive training, with increased
left prefrontal activation being the most frequent ob-
servation.

Few studies have directly examined working mem-
ory after cognitive remediation using functional imag-

K An fMRI study of cognitive remediation in drug-naïve subjects diagnosed with first episode schizophrenia 249

https://doi.org/10.1007/s00508-021-01910-2
http://crossmark.crossref.org/dialog/?doi=10.1007/s00508-021-01910-2&domain=pdf
https://orcid.org/0000-0003-3870-3521
http://orcid.org/0000-0002-8359-9877


short report

ing. Subramaniam et al. [13] performed a functional
magnetic resonance imaging (fMRI) study of verbal
working memory using the letter n-back task before
and after an intensive computerized training. Bet-
ter working memory was supported by enhanced pre-
frontal signal efficiency, which predicted better long-
term functional outcome. Li et al. [14] examined the
remediation effect of working memory (WM) training
in subjects with schizophrenia with prominent nega-
tive symptoms. Increased brain activations were ob-
served in the right insula and the right frontal lobe
(sub-gyral) after WM training. To our knowledge, no
studies have yet been performed in drug-naïve first
episode subjects with schizophrenia.

The objective of our fMRI study was to evaluate
brain activity during a n-back task in drug-naïve first
episode subjects with schizophrenia before and after
a cognitive remediation training program that focused
on everyday living activities.

Methods

Subjects

A total of 15 drug-naïve first episode subjects who met
DSM-IV criteria for schizophrenia (DSM-IV SCID-P)
[15] were included in this study. Not included in
the study were subjects with relevant somatic and
psychiatric comorbidities, in particular substance-
related and addictive disorders. Further exclusion cri-
teria were previous treatment with antipsychotics and
discontinuation of therapy, additional use of tranquil-
izers, or a mini mental status examination <24. In ad-
dition, common magnetic resonance imaging (MRI)
exclusion criteria were applied (i.e. claustrophobia,
metallic implants, pregnancy and other conditions
that may interfere with the diagnostic examination).

The subjects were inpatients of the Department of
Psychiatry and Psychotherapy, Medical University of
Vienna. Subjects received atypical antipsychotics (AP;
first dose flexible) after the first MRI examination.
During the treatment period no changes of dosage or
substance were performed.

The participants gave informed consent and the
study was approved by the local ethics committee.
The study was carried out in accordance with the Dec-
laration of Helsinki.

After baseline fMRI examination subjects were ran-
domly assigned into two different cohorts. The first
cohort received drug therapy with AP (n= 8); the sec-
ond cohort received AP in combination with cognitive
remediation therapy (AP+CR; n= 7).

Cognitive remediation training

A standardized computer-based cognitive training
provided by the COGPACK software package version
6.06 [16] was used and 12 single sessions, each lasting
60min, were conducted.

Functional MRI examination

Functional MR images were acquired on a 1.5T MR
scanner (Philips 1.5T Gyroscan Intera, Philips Medical
Systems, Best, The Netherlands) using sequence pa-
rameters as follows: TE= 50ms, TR= 3616ms, number
of repetitions= 100, slices= 36, slice thickness= 4mm,
gap= 4mm, matrix size= 96× 78mm2, flip angle= 90°.
Slices were aligned parallel to the anterior and poste-
rior commissure.

A block designed “1-back” paradigm was used as
working memory task. The paradigm consisted of
5 active blocks as well as 5 rest blocks with a duration
of 36s each resulting in an overall acquisition time for
one fMRI sequence of 6min. During the active condi-
tions, subjects saw consecutive letters and were obli-
gated to press a button when a letter was identical to
the one immediately preceding it. A complete scan-
ning session included 2 runs of the fMRI paradigm
and a T1-weighted sequence for anatomical co-regis-
tration.

Subjects were scanned in supine position, without
the application of any kind of sedatives. During fMRI
scanning session the instructions and stimuli of the
paradigm were visually presented via a special MR
compatible monitor mounted on the head coil. But-
ton press for the task were recorded using anMR com-
patible system.

Subjects wore earphones for further briefings of the
physician and for noise reduction during the scanning
time. They were asked to avoid any movements, espe-
cially head movements. Additionally, padding was ar-
ranged around the subject’s head to minimize move-
ments and ensure as much as possible that the sub-
ject’s head was positioned the same way across the
whole scan session.

fMRI data analysis

Neuroimaging data were preprocessed, using SPM12
implemented in MatlabR2014b, with motion correc-
tion, slice-time correction, spatial normalization us-
ing DARTEL algorithm [17] and spatial smoothing (8-
mm Gaussian kernel). Two functional runs were con-
ducted for each of the 2 time points (before and after
therapy). Two preprocessed functional runs for each
time point were submitted to a fixed effects analysis
(FFX) using modelled regressors for the 1-back block
design conducted (36s on/off). Activity maps are re-
ported on FWE (family-wise error) p<0.005 level.

Statistical analysis

Due to the small sample size for each group, we could
not perform randomized t-testing. The results are pre-
sented in a statistically descriptive manner. We de-
cided to compare the number of clusters on an indi-
vidual level.
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Fig. 1 Visualization of FFX results of pretherapy and post-
therapy n-back task runs for AP+CR subjects (FWE corrected,
p< 0.005). Row labelling refers to subject number. To the
left of the subject number individual scans before therapy are
shown, to the right of the subject number the scans after ther-

apy are shown. Data are visualized on a standard template
using MRIcron. AP+CR group subjects with atypical antipsy-
chotics and cognitive remediation, FFX fixed effects analysis,
FWE family-wise error

Results

Subjects

Of these 15 subjects 11 underwent a second follow-
up fMRI examination after therapy (first cohort, n=5;
second cohort, n= 6). The mean duration between the
MR scans was 30 days (range 14–49 days) and four

Table 1 Comparison of number of activation clusters for
AP+CR and AP subjects before and after therapy. Calcu-
lations are based on FWE p< 0.005 corrected maps using
fixed effects analysis

Pre Post Difference

1 5 18 13

2 13 28 15

3 3 17 14

4 16 31 15

5 30 11 –19

AP+ CR

6 23 20 –3

1 29 15 –14

2 20 15 –5

4 23 10 –13

5 3 2 –1

AP

6 4 8 4

AP+ CR group subjects with atypical antipsychotics and cognitive remedia-
tion, AP group subjects with atypical antipsychotics, FWE Family-Wise Error

subjects had to be excluded from the study because
no second fMRI was performed. The mean age of the
11 subjects (7 males and 4 females) was 24.6 years
(range 18–37 years). All subjects were right-handed.

Comparison of fMRI data before and after therapy

In 4 of the 6 AP+CR subjects the number of clusters
increased, whereas in 4 out of the 5 AP subjects the
number of clusters decreased (mean number of clus-
ters: AP+CR= 5.53, SD 12.79, AP= –5.8, SD 6.9; see
Table 1 for details). Individual activation maps for
AP+CR subjects before and after therapy are shown
in Fig. 1 and for AP subjects in Fig. 2.

Discussion

To our knowledge, this is the first study in drug-
naïve subjects with first episode schizophrenia us-
ing functional MR imaging to identify correlates of
working memory-related hemodynamic responses. In
our study, the number of activation clusters during
a working memory task increased after COGPACK
training. Our data show that neurobiological effects
of cognitive remediation can be identified in the very
early course of schizophrenia.

The course of cognitive deficits has been de-
scribed to be different between early and late stages
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Fig. 2 Visualization of FFX results of pre and post therapy
n-back task runs for AP subjects (FWE corrected, p<0.005).
Row labelling refers to subject number. To the left of the sub-
ject number individual scans before therapy are shown, to the

right of the subject number the scans after therapy are shown.
Data are visualized on a standard template using MRIcron. AP
group subjects with atypical antipsychotics, FFX fixed effects
analysis, FWE family-wise error

of schizophrenia [18, 19]. Early detection of spe-
cific symptoms in schizophrenia [20–23] seems to be
crucial and may also have a prognostic value [24];
early intervention in schizophrenia spectrum dis-
orders appears to be important [25–28] and it has
been suggested that cognitive training should be pro-
vided as early as possible in the prodromal phases of
schizophrenia in order to use the full rehabilitative
potential of the subjects [29]. Indeed, Bowie et al. [30]
found that cognitive remediation in the early course
leads to greater cognitive improvement than in later
stages of schizophrenia. In addition, Ventura et al.
[31] found that in first-episode schizophrenia cogni-
tive remediation can also improve negative symptoms
and has an impact on social functioning. A longitudi-
nal functional brain imaging study in the early course
of schizophrenia showed enhanced activation in the
right dorsolateral prefrontal cortex after cognitive
enhancement therapy during 2 years of treatment
[32]. It has been suggested that these changes are
accompanied by a functional reorganization of neural
networks and that cognitive remediation might have
a neuroprotective effect [33, 34].

Although our data are limited and preliminary, and
special caution is needed in their interpretation, they
support the hypothesis that early in the course of
schizophrenia, cognitive remediation results in cog-
nitive improvement that is associated with increasing
neuronal activity.

Key points

The combination of a cognitive remediation program
with atypical antipsychotics was accompanied by neu-
robiological changes in drug-naïve subjects with first
episode schizophrenia.

The number of fMRI activation clusters during
a working memory task increased after COGPACK
training.
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