
Neuroimaging studies of cognitive remediation in 
schizophrenia: A systematic and critical review

Rafael Penadés, Alexandre González-Rodríguez, Rosa Catalán, Bàrbara Segura, Miquel Bernardo, Carme 
Junqué

Rafael Penadés, Alexandre González-Rodríguez, Rosa 
Catalán, Miquel Bernardo, Department of Psychiatry and 
Psychology, Clinical Institute of Neurosciences, Hospital Clínic, 
08036 Barcelona, Spain

Bàrbara Segura, Carme Junqué, Neuropsychology Lab, 
University of Barcelona, 08036 Barcelona, Spain 

Bàrbara Segura, Carme Junqué, Institut d’Investigacions, 
Biomèdiques August Pi i Sunyer, 08036 Barcelona, Spain

Author contributions: Penadés R designed the research; 
Gónzalez-Rodríguez A performed the bibliographic search; 
Penadés R, Segura B and Junqué C analysed the data; Penadés 
R wrote the paper; Catalán R, Bernardo M and Junqué C 
supervised the paper; all of the authors read and approved the 
final manuscript.

Supported by a grant from the Instituto de Salud Carlos III of 
Fondo de Investigaciones Sanitarias FIS, No. PI 11/09158 (to 
Penadés R).

Conflict-of-interest statement: All the authors declare that they 
have no competing interests for this article.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Rafael Penadés, PhD, Department of 
Psychiatry and Psychology, Clinical Institute of Neurosciences, 
Hospital Clínic, C/ Villarroel 170, 08036 Barcelona, 
Spain. rpenades@clinic.ub.es 
Telephone: +34-93-2275400
Fax: +34-93-4035294

Received: August 30, 2016
Peer-review started: September 2, 2016
First decision: September 29, 2016
Revised: October 14, 2016
Accepted: December 13, 2016
Article in press: December 14, 2016
Published online: March 22, 2017

Abstract
AIM
To examine the effects of cognitive remediation thera
pies on brain functioning through neuroimaging pro
cedures in patients with schizophrenia.

METHODS
A systematic, computerised literature search was 
conducted in the PubMed/Medline and PsychInfo data
bases. The search was performed through February 
2016 without any restrictions on language or publication 
date. The search was performed using the following 
search terms: [(“cogniti*” and “remediation” or “training” 
or “enhancement”) and (“fMRI” or “MRI” or “PET” or 
“SPECT”) and (schizophrenia or schiz*)]. The search 
was accompanied by a manual online search and 
a review of the references from each of the papers 
selected, and those papers fulfilling our inclusion criteria 
were also included.

RESULTS
A total of 101 studies were found, but only 18 of them 
fulfilled the inclusion criteria. These studies indicated 
that cognitive remediation improves brain activation in 
neuroimaging studies. The most commonly reported 
changes were those that involved the prefrontal and 
thalamic regions. Those findings are in agreement with 
the hypofrontality hypothesis, which proposes that 
frontal hypoactivation is the underlying mechanism of 
cognitive impairments in schizophrenia. Nonetheless, 
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great heterogeneity among the studies was found. 
They presented different hypotheses, different results 
and different findings. The results of more recent 
studies interpreted cognitive recovery within broader 
frameworks, namely, as amelioration of the efficiency 
of different networks. Furthermore, advances in neuro
imaging methodologies, such as the use of whole-
brain analysis, tractography, graph analysis, and other 
sophisticated methodologies of data processing, might 
be conditioning the interpretation of results and generat
ing new theoretical frameworks. Additionally, structural 
changes were described in both the grey and white 
matter, suggesting a neuroprotective effect of cognitive 
remediation. Cognitive, functional and structural 
improvements tended to be positively correlated.

CONCLUSION
Neuroimaging studies of cognitive remediation in patients 
with schizophrenia suggest a positive effect on brain 
functioning in terms of the functional reorganisation of 
neural networks. 

Key words: Cognitive remediation; Cognitive training; 
Neuroimaging; Cognition; Prefrontal cortex; Thalamus; 
Plasticity; Schizophrenia
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Core tip: Cognitive remediation therapy for schizo
phrenia is an evidence-based psychological treatment 
that aims to improve cognitive dysfunction. However, 
its underlying neural mechanisms have not been 
established. Several neuroimaging studies have shown 
positive effects in terms of brain activation. However, 
the results have been heterogeneous and difficult to 
integrate. The primary aim of the present review was 
to analyse systematically all of the published trials 
that used neuroimaging procedures. Additionally, we 
performed a more qualitative analysis examining the 
possible influence of neuroimaging methods and the 
use of different theoretical frameworks. 
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INTRODUCTION
Cognitive remediation therapy for schizophrenia is a 
psychological treatment that proposes to ameliorate 
cognitive dysfunction. It has been defined as a behaviou­
ral training-based intervention that aims to improve 
cognitive processes (attention, memory, executive 
function, social cognition or metacognition) with the goal 
of durability and generalisation[1]. Although the described 

effects have been modest, several trials and two meta-
analyses have established its efficacy, improving not 
only cognition but also daily functioning[1,2]. Nonetheless, 
the underlying neural mechanisms of this treatment 
have not yet been well established. 

Over the past few years, several neuroimaging 
studies have been conducted with the intention of 
identifying the different brain mechanisms underlying 
cognitive recovery. Some positive effects in terms of 
brain activation have been described, although the 
results have been heterogeneous[3,4]. Owing to this 
heterogeneity among the studies presenting different 
hypotheses, different results and different findings, we 
understand the need to review systematically all of the 
published works to provide new insights that would 
help to generate a new hypothesis in the near future. 
Moreover, recent revisions in the field of neuroimaging 
have indicated the need to explore not only the results 
but also the methods and theoretical frameworks[5]. 

The objective of the present review was to analyse 
neuroimaging studies that have tested the effects of 
cognitive remediation on brain functioning in patients 
with schizophrenia. To do so, we systematically reviewed 
published trials that used a cognitive remediation 
treatment and neuroimaging procedures. Additionally, 
we performed a more qualitative analysis examining 
the possible influence of neuroimaging methods and the 
use of different theoretical frameworks. 

MATERIALS AND METHODS
Literature search
A systematic, computerised literature search was con­
ducted in different online scientific databases: PubMed/
Medline and PsychInfo. The search was performed 
through February 2016 without any restrictions on 
language or publication date. The search was performed 
using the following search terms: [(“cogniti*” and 
“remediation” or “training” or “enhancement”) and 
(“fMRI” or “MRI” or “PET” or “SPECT”) and (schizophrenia 
or schiz*)]. This search was accompanied by a manual 
online search and review of the references from each 
of the papers selected, and those papers fulfilling our 
inclusion criteria were also included. 

The following inclusion criteria were applied. Studies 
in which any imaging technique was used to assess the 
effect of cognitive training were selected. Assessments 
had to be conducted both at baseline and also after 
therapy. We excluded those articles that did not report 
any results, for instance, presentations or descriptions 
of interventions or study designs. Regarding the inter­
vention, we only included studies in which patients were 
provided with multiple sessions of cognitive training, 
and programmes focusing only on social cognition were 
excluded. 

RESULTS
In total 101, studies were obtained, and 18 of them 
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fulfilled the inclusion criteria (Figure 1). In addition 
to the differences in neuroimaging variables that will 
be analysed in subsequent paragraphs, an important 
heterogeneity in the characteristics of the retrieved 
studies was found (Table 1). Cognitive intervention 
approaches frequently differed among the studies, 
ranging from paper and pencil tasks, computerised 
cognitive training, training delivered in group format 
or individualised sessions with a therapist, simple 
auditory training, multimodal training and so on. The 
duration of the therapies ranged from less than one 
week to two complete years, with the mean duration 
of the training being 12.47 wk and 11 studies (64.7%) 
being between 10 and 16 wk in length. In addition, the 
cognitive remediation approaches focused on a single 
cognitive function to others focusing on all cognitive 
aspects possible, including social cognition. Because of 
the heterogeneity of the methodologies, interventions 
and assessments, we decided to rely on a qualitative 
description rather than a quantitative analysis.

First period: Improving brain activation
The first studies performed in the 1990s seemed to 
be inspired by the simple assumption that cognitive 
remediation would be able to cause some detectable 
effects on brain functioning. Thus, any visible changes 
in brain functioning would be considered a success. 
During that period, the use of functional neuroimaging 
techniques, such as positron emission tomography 
(PET) and single photon emission computed tomo­
graphy (SPECT) procedures, were predominant. Both 
procedures helped to establish the hypothesis of 
hypofrontality. Hypofrontality was defined as a state of 
decreased cerebral blood flow or reduced utilisation of 
glucose in the prefrontal cortex of the brain[6,7]. Thus, 
testing cognitive remediation with PET or SPECT was 
the best option for researchers, more specifically in 
the context of the hypothesis of hypofrontality using 
analysis of regions of interest (ROIs), in this case, the 
prefrontal cortex. Thus, any detectable change in terms 
of brain activation indicating any sort of reduction of the 

hypofrontality would be proof that cognitive remediation 
was working well. 

Thus, the first study to test the effects of cognitive 
remediation through SPECT procedures was performed 
by Wykes et al[8], who reported that two patients 
showed changes in frontal perfusion patterns after 
cognitive treatment. Penadés et al[9] found similar 
results, describing an increase in prefrontal blood flow 
during task performance following cognitive treatment 
in a case report study including two patients. These 
results were extended and confirmed in a later study 
with a small sample of eight patients[10]. However, two 
intriguing aspects from these studies raised questions 
that remain open. Firstly, not only increases but also 
decreases in the activation of some specific brain regions 
could be related to cognitive improvement. In the Wykes 
et al[8], not only increased but also decreased activity 
was found in the bilateral frontal, temporal, parietal and 
occipital regions. Secondly, another open question is the 
variables that could explain the intersubject variability, 
preventing the success of cognitive remediation in some 
patients. In a study by Penadés et al[9] with two patients, 
one had clearly improved prefrontal brain activation, 
while no significant changes were found in the other 
patient. Nonetheless, despite these and other possible 
open questions, this initial period offered promising 
results that were able to establish the idea that cognitive 
remediation is able to improve brain activation and 
eventually reduce hypofrontality. This line of thought was 
applied by Wexler et al[11] using a different methodology: 
Functional magnetic resonance imaging (fMRI). They 
described in a longitudinal study the progressive 
effects of cognitive remediation on brain functioning. In 
particular, they found increased task-related activation 
in the prefrontal cortex, which is the same brain region 
that was activated during memory tasks in healthy 
individuals. Improvement in brain activation was 
associated with cognitive changes, specifically verbal 
memory improvement. 

In summary, in this initial period from 1998 to 
2002, both SPECT and fMRI studies were able to 
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15 studies were retrieved 
from the databases

3 additional studies were 
included based on review 
of the references or online 

manual search

104 studies were 
retrieved in total

71 studies were excluded

Different population (32)
No cognitive training (17) 
No imaging technique (20)
Animal studies (2)

13 reviews and 2 meta-analysis
 were excluded

Figure 1  Diagram of literature search.
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and were mainly located in regions of the prefrontal 
cortex. Unfortunately, these studies had small samples 
and lacked control groups to exclude placebo effects. 

detect changes in brain functioning after cognitive 
remediation. Data analyses were mainly based on 
particular regions of interest that were defined a priori 
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  Ref. Participants Treatment Treatment 
duration

(wk)

Imaging 
method

Experimental task Neural treatment effects Direction of
change

  Cognitive remediation
     Wykes et al[8] SCH = 2 CRT 12 SPECT Verbal fluency Bilateral frontal, temporal, parietal and 

occipital
↑

     Penadés et al[9] SCH = 2 CRT 12 SPECT Tower of London Prefrontal activity ↑
     Wexler et al[11] SCH = 8 CRT 10 fMRI Auditory verbal 

memory
L inferior frontal ↑

     Penadés et al[10] SCH = 8 CRT 12 SPECT Tower of London Prefrontal activity ↑
     Wykes et al[12] SCH = 12 

HC =6 
CRT
OC 
HC

12 fMRI N-back R inferior frontal gyrus and bilateral 
occipital activity

↑

     Eack et al[20] SCH = 53 CET
EST

52 MRI - Loss of GM in temporal cortex, including 
the L parahippocampal gyrus, L amygdala, 

bilateral anterior cingulate, and L 
hippocampus

↓

GM in L amygdala ↑
     Haut et al[13] SCH = 21 

HC = 9 
CRT

CBSST
6 fMRI N-back, lexical 

task
L prefrontal activity Case report 

series
     Rowland et al[15] SCH = 17

HC = 17
CRT < 1 fMRI, 

VBM
L amygdala, bilateral inferior parietal 

regions
↑

Controls also exhibited activation reductions 
in region and spatial extent with relational 

learning proficiency

↓

     Edwards et al[14] SCH = 22
HC = 14

CRT 22 fMRI Continuous 
performance task

 

R middle frontal 
R superior parietal cortex
R inferior frontal junction

R visual cortex 
Cerebellum 

↑↓

     Bor et al[16] SCH = 20
HC = 15

CRT 8 fMRI N-back L inferior/middle frontal gyrus, cingulate 
gyrus and inferior parietal lobule activity

↑

     Subramaniam et al[19] SCH = 31
HC = 16

AT 13 fMRI Word generation 
and recognition

Medial PFC activity ↑

     Penadés et al[21] SCH = 31
HC = 16

CRT
SST

15 fMRI, DTI N-back L superior parietal lobule and bilateral 
middle frontal gyri activity 

↑

DMN activity in L precuneus and middle 
frontal gyrus

↓

FA in CC and R posterior thalamic 
radiations

↑

     Vianin et al[22] SCH = 16 CRT 8 fMRI Verbal fluency Inferior parietal lobule, precentral gyrus, 
Broca’s area, middle occipital cortex, middle 

cingulate cortex, and superior parietal 
lobule activity

↑

     Subramaniam et al[23] HC = 15
SCH = 30

AT 15 fMRI N-back Middle frontal and inferior frontal gyri 
activity

↑

  Social-cognitive remediation
     Haut et al[13] SCH = 20

HC = 10
TAR
TAU

10 fMRI Facial affect 
recognition

L middle and superior occipital lobe, R 
inferior and superior parietal cortex, and L 

and R inferior frontal cortex activity

↑

  Combination of cognitive and social-cognitive remediation
      Hooker et al[17] SCH = 22 AT + SCT 11 fMRI Facial emotion 

recognition
Postcentral gyrus activity ↑

     Hooker et al[18] SCH = 22 AT + SCT 11 fMRI Facial emotion 
recognition

L and R amygdala, R putamen and R medial 
prefrontal cortex

↑

Table 1  Studies included in the systematic review

SPECT: Single photon emission computed tomography; fMRI: Functional magnetic resonance imaging; GM: Grey matter; DMN: Default mode network; 
FA: Fractional anisotropy; CC: Corpus callosum; AT: Auditory-based cognitive training; SCT: Social cognitive training; SCH: Schizophrenia; HC: Healthy 
control.
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Nonetheless, during this period, no other treatment was 
able to show any changes in brain functioning related to 
cognitive improvement in schizophrenia. 

Second period: Testing the hypofrontality hypothesis
Wykes et al[12] conducted a controlled study in which 12 
patients were randomly assigned to control therapy or 
cognitive remediation. The effects of the intervention 
were tested with fMRI procedures using the n-back task 
during the scanning. The intervention was delivered 
on an individual basis and involved a therapist and 
paper and pencil tasks. Not surprisingly, only the group 
receiving cognitive remediation showed a significant 
increase in the activation of brain regions associated 
with working memory, particularly the inferior frontal 
gyrus. Although the sample size was still small, this 
study confirmed the insights from the previous period 
using a convincing methodology. It could be said that 
it was the first time that brain activation changes 
were clearly associated with the cognitive remediation 
intervention by applying a reliable and rigorous method­
ology. In conclusion, cognitive remediation acted as an 
active treatment to improve cognition, and it was also 
able to improve brain functioning in prefrontal regions 
in patients with schizophrenia. Thus, the need to 
replicate these results appeared to be the main target 
of successive studies. 

Subsequent posterior studies showed similar results. 
Haut et al[13] conducted a quasi-randomised study 
involving nine patients receiving cognitive remediation, 
nine patients receiving a control therapy in the form of 
social skills training, and nine healthy control subjects. 
The authors showed that patients receiving cognitive 
remediation presented some increases in the activity 
of the left dorsolateral prefrontal cortex, left dorsal 
prefrontal cortex, anterior cingulate, right and left 
prefrontal cortex. The authors used fMRI procedures 
and visual n-back tasks containing words or pictures, 
as well as a lexical decision task. Patients receiving 
cognitive remediation improved on the word and picture 
2-back tasks, showing more improvement than the 
control treatment group. Unfortunately, only regions 
of interest were examined. Edwards et al[14] used 
event-related fMRI to analyse brain activity associated 
with cognitive remediation. The sample comprised 
22 patients with schizophrenia and a matched control 
group of 14 healthy participants. The training protocol 
emphasised direct encoding of contextual cues and 
updating of response selection goals in accordance with 
cue information. Following training, increased activation 
was observed in several areas involving anterior and 
posterior brain regions, such as right middle frontal, 
right superior parietal cortex, right inferior frontal 
junction, and left inferior frontal and visual cortex. These 
effects on brain activation seemed to be related to both 
clinical and cognitive improvements. Unfortunately, the 
analyses were also based on previously defined regions 
of interest. 

Rowland et al[15] conducted an interesting study 

investigating the effects of cognitive training in the 
context of a relational learning task and using fMRI 
procedures. The sample comprised 17 patients with 
schizophrenia and 17 healthy control subjects. The 
most important innovations of this study were the use 
of whole-brain analysis and the fact that the healthy 
controls were also tested after having undergone 
cognitive training. Firstly, the authors found different 
patterns in both groups before and after treatment. 
The controls engaged regions including the frontal, 
parietal, and medial temporal lobes. After the training, 
the controls showed activation reductions in these 
regions and spatial extent in areas related to learning 
improvement. These findings are commonly observed 
phenomena in successful learning, but they were new 
in the context of cognitive training. Conversely, thee 
subjects with schizophrenia displayed bilateral inferior 
parietal region activation, as the authors had predicted. 

Bor et al[16] conducted a study that explored the 
impact of cognitive remediation in a sample of 17 
patients and 15 healthy volunteers. Throughout the 
study, all of the patients were on stable doses of atypical 
antipsychotics. The authors used fMRI and a visual 2-back 
test after 28 h of computerised cognitive remediation, 
comparing baseline with after treatment measurements 
in a randomised, controlled trial. Following treatment, 
patients in the group that received cognitive remediation 
exhibited higher levels of activation for the left inferior-
middle frontal gyrus, cingulate gyrus, and inferior parietal 
cortex. These changes were related to improvement in 
measures of strategic efficiency and sustained attention. 
Hooker et al[17,18], in two studies with the same sample, 
tested the effects of a cognitive remediation programme 
plus a social cognitive intervention together in a sample 
of 22 schizophrenia patients. The authors used an fMRI 
task of positive and negative facial emotion recognition, 
showing improvements in postcentral gyrus activity, the 
left and right amygdala, the right putamen and the right 
medial prefrontal cortex. The particular choice of the 
fMRI task and the use of a combined treatment made 
it difficult to interpret whether these effects on brain 
functioning were the results of the cognitive treatment or 
the social cognitive treatment or even of the combination 
of both treatments. 

Finally, Subramaniam et al[19] performed a controlled 
study with 31 schizophrenia patients and 16 healthy 
controls, but randomisation was not performed Almost 
all of the patients were taking atypical antipsychotics 
throughout the study. During fMRI scanning, tasks of 
word generation and recognition of words were used. 
Computerised cognitive training was used to examine 
its effects on regions related to reality monitoring. The 
authors found that patients exhibited less activation in 
the medial prefrontal cortex during word recognition 
for words at baseline. After cognitive remediation, the 
patients somewhat normalised their activation patterns, 
although they still had less activity than healthy con­
trols. One important thing to note in this study was the 
use of a more complex theoretical framework of brain 
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activation. However, owing to the use of the region of 
interest approach by the authors, the study precluded 
the detection of other possibly relevant changes in 
activity. 

In summary, in this second period from 2002 to 
2011, different studies consolidated that cognitive 
remediation acts by improving brain activation in the 
prefrontal lobes and other related regions. The use of 
fMRI totally replaced the use of other methods, such 
as SPECT or PET. Data analyses were still based mainly 
on predefined regions of interest, but whole-brain 
analysis opened a new pathway. The methodology 
was heterogeneous across the different studies, but 
some of them began to attain the highest standards. 
Moreover, hypofrontality is the current framework, and 
an increase of activity is always considered a success 
criterion. However, some studies have suggested going 
beyond the hypofrontality hypothesis because cognitive 
remediation may have some detectable effects in other 
brain areas. In addition, more brain activation does not 
necessarily indicate better brain functioning. At least 
in healthy people, a decrease in activation in some 
brain areas could be correlated with better cognitive 
performance.

Neuroprotection: Changes in brain morphology 
Eack et al[20] conducted a study that was unique in many 
aspects, and it is probably one of the most influential 
works published in the field. The aim of the study was 
basically to test the option to detect changes in brain 
morphology after treatment by cognitive rehabilitation. 
A randomised, controlled trial was performed with a 
longitudinal design for 2 years, with annual assessments 
of cognition and structural MRI. Statistical analyses 
were based on a mixed effects model, while processing 
of the neuroimaging data was based on voxel-based 
morphometry methods. Volumetric analyses of regions 
of interest in different areas of the frontal and tem­
poral regions were performed a posteriori. A sample 
of 53 patients with diagnoses of schizophrenia or 
schizoaffective disorder in the early course was included. 
They were symptomatically stable and, consequently, 
their doses of antipsychotics were also stable. Cognitive 
remediation was an integrated approach that combined 
cognitive computer training and group-based social 
cognitive exercises. A control group followed an active 
control based on supportive therapy to improve illness 
management. It provided psychoeducation and coping 
strategies training. 

Astoundingly, patients who received cognitive 
remediation showed greater preservation of grey matter 
volume over 2 years. A main effect of time indicated 
loss of grey matter in some brain areas, such as the 
bilateral cerebellum, left medial and posterior cingulate. 
Additionally, an interactive effect of time and treatment 
suggested that patients showed less grey matter loss 
in the left parahippocampal and fusiform gyrus and 
even greater grey matter increases in the left amygdala 

following cognitive remediation. Interestingly, these 
changes were statistically related to cognition changes. 
The authors appealed to the possible neurobiologic 
protective effects of cognitive remediation, particularly 
in early schizophrenia. Unfortunately, this work has not 
yet been replicated.

Third period: Going beyond hypofrontality and testing 
connectivity changes 
Penadés et al[21] conducted a trial using a whole-brain 
approach that combined fMRI and diffusion tensor 
imaging (DTI). They investigated the effect of cognitive 
remediation on brain functioning in a randomised, 
controlled trial with 30 schizophrenia outpatients with 
an experimental group and an active control group. 
Additionally, 15 healthy volunteers were also included 
as a second comparison group. Cognitive remediation 
consisted of an individual strategy-learning-based 
treatment implemented by a trained therapist, based 
on paper and pencil exercises. The control group used 
an active control with an identical duration based on an 
individual social skills training that provided information 
about illness management. Brain activation patterns 
were assessed during an n-back task using independent 
component analysis as implemented in multivariate 
exploratory linear decomposition into independent 
components. This analysis showed clear differences 
between schizophrenia patients and healthy participants. 
Despite having performed similarly on the n-back 
task, patients with schizophrenia showed two different 
networks that were overactive compared to the healthy 
participants: The central executive network and default 
mode network. After treatment, the activation pattern 
significantly changed only in the cognitive remediation 
group in the sense of normalising towards the patterns 
observed in healthy controls Thus, decreased activation 
was found in the left superior parietal lobule and bilateral 
middle frontal gyri. In addition, decreased activity in the 
default-mode network was found in the left precuneus 
and middle frontal gyrus, among other areas, allowing 
for activation of the central executive network and 
deactivating of the default mode network in a more 
proper manner, suggesting an improvement in the 
efficiency of both networks. Furthermore, analysis of 
white matter on DTI showed an increase in the fractional 
anisotropy index in the anterior part of the genu of 
the corpus callosum. Interestingly, after treatment, 
statistically significant correlations were found among 
cognitive, functional, and structural changes. Finally, the 
authors speculated that cognitive improvement could 
be based on an increase of interhemispheric information 
transfer between the bilateral prefrontal cortices via the 
corpus callosum. 

Another interesting and innovative result was 
reported by Vianin et al[22]. The authors performed 
a single-blind, randomised trial with sixteen patients 
distributed into an experimental group of cognitive 
remediation and a treatment-as-usual control group. 
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Cognitive remediation was based on executive function 
training lasting 14 wk. The authors tested brain acti­
vation patterns using a covert verbal fluency task 
during fMRI. In addition to cognitive improvements, the 
authors reported increased activation in many areas, 
such as the inferior parietal lobule, precentral gyrus, 
inferior frontal gyrus (Broca’s area), middle occipital 
cortex, middle cingulate cortex, and superior parietal 
lobule, in the cognitive remediation group compared to 
the control group after treatment. Particularly interest­
ing was the increased activation in Broca’s area. The 
authors hypothesised that the use of metacognitive 
techniques of verbalisation might be the main factor 
underlying these brain changes.

Finally, Subramaniam et al[23] used n-back tasks in 
an fMRI study comparing computerised auditory and 
sociocognitive training based on a video game with an 
active control group and a group of healthy controls. 
They observed baseline hypoactivation in the middle 
frontal gyrus at baseline for the patient group. After 
treatment, the sociocognitive group showed a greater 
increase in activity in the middle frontal and inferior 
frontal gyri. One striking and interesting finding in this 
study was the correlation between the increase in right 
frontal activation on the verbal n-back task and the 
increase in the activation in left frontal regions. These 
results could suggest a process of increased connectivity 
after cognitive treatment.

Summarising the period since 2013 until today, the 
studies have definitively gone beyond the hypothesis of 
hypofrontality. A new and wider theoretical framework is 
emerging, and it includes more recent discoveries, such 
as the connectivity between different brain networks 
(Figure 2). Now, the focus is not only on task-related 
performance but also on rest-related brain functioning, 
which involves different interconnected regions that 
should be highly active at rest but that should be deac­
tivated during the performance of cognitive tasks, 
such as the default mode network. For this reason, 
improvement can no longer be expressed only in terms 
of simple activation increases. Another feature of this 
period is the focus on other nonspecific prefrontal cortex 
areas such as the ventral regions or Broca’s area, which 
could be related to some aspects of the remediation 
process. These findings are changing the focus of 
neuroimaging studies and are possibly providing a more 
complex and accurate picture of the brain mechanisms 
underlying the effects of cognitive remediation.

Meta-analyses
Two meta-analyses have been performed. Ramsay 
et al[24] conducted an Activation Likelihood Estimation 
(ALE) meta-analysis. After a literature search, they 
identified 162 articles, but only 9 of them were included 
in the analysis. ALE analyses showed increased activity 
in several brain areas, such as the lateral and medial 
prefrontal cortex, parietal cortex, insula, and the caudate 
and thalamus. Wei et al[25], with the same number of 
studies, found similar but not identical results: Increased 

brain activation occurred in thee frontal and parietal 
lobes, including the left medial frontal gyrus, left inferior 
frontal gyrus, right middle frontal gyrus, right postcentral 
gyrus, and inferior parietal lobule. The main results of 
the meta-analyses confirmed the insights of previous 
studies. However, secondary analyses could add even 
more information to the state of art. For instance, an 
original secondary analysis in the Ramsay et al[24] study 
was performed to compare the brain areas involved 
in cognitive remediation with areas that had been 
previously associated with deficits in working memory 
and executive control in persons with schizophrenia. 
Surprisingly, they found that some areas, such as 
the left prefrontal cortex and thalamus, overlapped, 
but other areas did not, suggesting both restorative 
and compensatory mechanisms. Another interesting 
secondary analysis showed that cognitive remediation 
resulted in similar patterns of brain activation irrespective 
of the different treatment approaches. 

Nonetheless, the results from these two meta-
analytic studies should be interpreted with great 
caution. The number of the included studies (n = 9) 
was extraordinarily small. In addition, there was a risk 
of bias due to the heterogeneity among these nine 
studies. Beyond differences in remediation approach 
and neuroimaging methods, the studies used different 
types of control groups and different methods of rando­
misation, and also blinding was absent in some studies 
but not in others. Statistical analysis was performed 
using different methods, making the results difficult to 
compare because some studies used mixed models 
and others used a general lineal model; some used 
data substitution, and others did not; some used the 
intention-to-treat procedure, and others did not. In 
terms of neuroimaging processing, different software 
was used; some studies reported results in terms of 
interaction effects between time and treatment and 
others in terms of differences between baseline and 
posttreatment, and while some studies used whole-
brain analysis, others were based on analysis of ROIs. 
Although Wei et al[25] found similar increased activation 
brain areas in analysis with or without ROI studies, 
they found that analysis including ROI studies yielded 
a higher ALE value. Future studies with larger numbers 
of studies and more homogenised methodologies will 
provide us with more consistent results. 

DISCUSSION
Cognitive remediation seems to improve brain activation 
when it is tested by means of neuroimaging techniques. 
Changes involving the prefrontal and thalamic regions 
were the most commonly reported results in the 
reviewed studies as in other previous systematic revi­
ews[3,4,26]. These findings were in agreement with the 
hypofrontality hypothesis, proposing frontal hypoacti­
vation as the underlying mechanism of cognitive impair­
ments in schizophrenia. Nonetheless, advances in 
neuroimaging methodology, such as the use of whole-
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brain analysis, tractography, graph analysis, and other 
sophisticated methodologies of data processing, might 
have conditioned the interpretation of results, generating 
new theoretical frameworks. 

In fact, more complex theoretical frameworks are 
currently reinterpreting hypofrontality. Current theories 
are focusing on other aspects, such as the connectivity 
between different brain networks. In addition, not only 
task-related but also rest-related brain functioning is 
being considered. Consequently, different interconnected 
regions should be active at rest, but they should be 
deactivated during cognitive tasks. Improvement can no 
longer be expressed exclusively in terms of activation 
increases. Thus, the results of more recent studies are 
interpreting cognitive recovery within this framework, 
showing improvement in the efficiency of different 
networks. Additionally, structural changes have been 
described in both the grey and white matter suggesting 
a neuroprotective effect of cognitive remediation. 
Cognitive, functional and structural improvements have 
tended to appear positively correlated. 

Results from meta-analytic studies have confirmed 

the active role of cognitive remediation in brain function 
involving the prefrontal and thalamic areas. However, 
other brain changes after treatment have been des­
cribed. Consequently, cognitive recovery seems to be 
mediated by restoration and compensation mechanisms 
at the same time. Moreover, neuroimaging findings are 
not linked to a particular remediation approach, and 
all of the different cognitive remediation approaches 
act similarly in terms of brain functioning. Despite 
these findings, some limitations must be considered. 
Firstly, the evidence is tremendously incomplete 
because of the small number of studies and the lack 
of replicative studies. Secondly, different remediation 
approaches and different neuroimaging methods have 
made the comparison and generalisation of results 
problematic undertakings. Finally, the lack of a validated 
theoretical framework for the underlying neurobiological 
mechanisms of cognitive recovery has rendered the data 
difficult to interpret. 

In conclusion, neuroimaging studies of cognitive 
remediation in patients with schizophrenia seem to 
have a positive effect on brain functioning in terms 
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of the functional reorganisation of neural networks. 
Currently, the most commonly reported changes involve 
the prefrontal and thalamic regions. Structural changes 
in the grey and white matter have been described, 
suggesting a neuroprotective effect of cognitive remedia­
tion. Cognitive, functional and structural improvements 
appear to be positively correlated. Further randomised, 
controlled studies are needed to confirm and clarify 
these results, possibly in the context of more complex 
theoretical models, including different brain networks, 
aspects of connectivity, whole-brain analysis and 
multimodal neuroimaging. 

COMMENTS
Background
Neuroimaging studies have been conducted by many authors with the intention 
of identifying the different brain mechanisms underlying cognitive recovery. Even 
though some positive effects in terms of brain activation have been described, 
results have been heterogeneous and difficult to integrate. Some studies 
have described increased brain activation and others have shown decreased 
activation patterns. The primary aim of this review was to examine systematically 
all the published trials using neuroimaging procedures. Furthermore, the analysis 
was intended following a qualitative analysis in order to investigate the influence 
of neuroimaging methodology and the use of different theoretical frameworks.
 
Research frontiers
Nowadays, a comprehensive theoretical framework for cognitive recovery is 
needed. In order to integrate all the studies that have already been published 
and to guide future research we need to reflect on how the hypothesis and 
results are evolving and how neuroimaging methodology has conditioned the 
results of the studies. 

Innovations and breakthroughs
Nearly all the recruited neuroimaging studies testing cognitive remediation in 
patients with schizophrenia have been based on the hypothesis of hypofrontality. 
In addition, they were always performed using a task-related paradigm and 
using the “region of interest” methodology. Nowadays, the use of different 
methodologies such as the brain networks framework and the whole brain 
analysis has brought to light some new insights reconceptualising the previous 
findings. Thus, improving frontal activation is now understood in a broader 
framework that points to an improvement of the networks efficiency. 

Applications
Beyond the necessary replicative studies, future research needs to explore 
different hypothesis such as the putative changes in connectivity patterns of the 
different brain networks. 

Terminology
The efficiency of a network is described in network science as a measure of how 
efficiently it exchanges information. Brain networks are efficient when they are 
able to show enough but not excessive activation during cognitive and resting 
states. 
 
Peer-review
In this systematic review, the authors have presented a qualitative and critical 
analysis of the neuroimaging studies paying close attention to the theory of the 
brain networks connectivity.
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