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Chapter 6
Neuroimaging Studies of Cognitive 
Function in Schizophrenia

Rafael Penadés, Nicolas Franck, Laura González-Vallespí, and Marie Dekerle

Abstract  Persons suffering from schizophrenia present cognitive impairments that 
have a major functional impact on their lives. Particularly, executive functions and 
episodic memory are consistently found to be impaired. Neuroimaging allows the 
investigation of affected areas of the brain associated with these impairments and, 
moreover, the detection of brain functioning improvements after cognitive remedia-
tion interventions. For instance, executive function impairments have been associated 
with prefrontal cortex volume and thickness; cognitive control impairments are cor-
related with an increased activation in the anterior cingulate cortex, and episodic mem-
ory impairments are linked to hippocampal reduction. Some findings suggest the 
presence of brain compensatory mechanisms in schizophrenia, e.g. recruiting broader 
cortical areas to perform identical tasks. Similarly, neuroimaging studies of cognitive 
remediation in schizophrenia focus differentially on structural, functional and connec-
tivity changes. Cognitive remediation improvements have been reported in two main 
areas: the prefrontal and thalamic regions. It has been suggested that those changes 
imply a functional reorganisation of neural networks, and cognitive remediation inter-
ventions might have a neuroprotective effect. Future studies should use multimodal 
neuroimaging procedures and more complex theoretical models to identify, confirm 
and clarify these and newer outcomes. This chapter highlights neuroimaging findings 
in anatomical and functional brain correlates of schizophrenia, as well as its applica-
tion and potential use for identifying brain changes after cognitive remediation.
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6.1  �Introduction

It has been widely emphasised that people suffering from schizophrenia show cog-
nitive impairments in multiple areas [1–3] although those impairments might, 
according to some authors, be overestimated [4]. More precisely, executive func-
tions, episodic memory and social cognition are consistently found to be impaired 
and are the favoured target for cognitive remediation [5, 6].

Interestingly, these impairments are found in all disease stages, including the 
schizophrenia prodromal phase [7] and first episodes [8]. They are even found in 
children or adolescents who later will develop schizophrenia [9]. These impair-
ments also are present to a certain extent in patient’s relatives, and some of them are 
thought to constitute an endophenotype of the disorder [10, 11]. However, they usu-
ally do not increase with disease duration [7, 12].

Cognitive impairments have an important functional impact on the daily life of 
patients, and antipsychotics drugs show little effect on them [13]. Consequently, a 
substantial body of literature has been developed on the neural correlates of these 
impairments, both from an anatomical and a functional point of view.

Furthermore, schizophrenia is characterised by multiple brain anomalies at many 
levels, structural and functional, and in terms of both activity and connectivity [14–
16]. The majority of studies are based on differences in activation patterns although 
an increasing number of studies presenting data of cerebral connectivity are being 
published (see Canu et al. [17] for a review on connectivity).

The first part of this chapter is organised around cognitive functions frequently 
found to be impaired in patients suffering from schizophrenia, i.e. executive func-
tions (working memory and cognitive control) and episodic memory. The latest 
neuroimaging studies about the anatomical and functional correlates of these 
impairments are presented. The second part of the chapter reviews the neuroimag-
ing evidence of structural, functional and connectivity changes found in patients 
with schizophrenia after cognitive remediation psychotherapies.

6.2  �Executive Functions

Executive functions are an umbrella expression that designate a group of abilities 
aiming at organising and controlling cognitive functions, behaviours and emotions. 
The cognitive part of executive functions refers to an ensemble of top-down pro-
cessing recruited to perform efficiently a demanding and/or new task. Executive 
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functions are mostly developed in human beings and enable us to efficiently face 
new situations [18]. They are composed of a large number of cognitive functions, 
such as working memory, planning, inhibition, flexibility and reasoning [19, 20]. 
These functions are difficult to disentangle as high-level executive functions involve 
many other lower-level executive functions, e.g. planning involves working mem-
ory, inhibition and flexibility.

Despite this clinical description, working memory is often studied apart from 
other executive functions, as it is also strongly linked to episodic memory [21].

6.2.1  �Anatomical Data

Executive functions are known to be dependent on the prefrontal area [18, 22], and 
prefrontal volume and thickness are associated to executive performances in healthy 
participants [22].

In schizophrenia, performances at executive functioning tasks were found to be 
related to the volume of some part of the prefrontal cortex. Indeed, Bonilha et al. 
[23] found a significant correlation between flexibility measured by tests and vol-
ume of left dorsolateral prefrontal cortex (DLPFC). The relationship between vol-
ume and cognitive control abilities seems to be limited, although a study conducted 
by Frascarelli et al. [24] evidenced a decrease of volume with duration of illness in 
medial frontal gyrus but failed to link it to performance of flexibility tasks. Another 
frontal area, the left orbital inferior cortex, has been found to be linked to perfor-
mances on the Stroop task [25]. Links between cognitive control and prefrontal 
cortex volume are limited to several regions. Working memory performances have 
also been linked to smaller hippocampal grey matter volume [25].

6.2.2  �Functional Data

6.2.2.1  �Working Memory

Working memory is one of the core cognitive impairments in schizophrenia. It fre-
quently is found to be associated with inefficient engagement of the DLPFC [26]. 
This hypoactivation is correlated with performance, with a greater hypoactivation 
leading to poorer performances. However, some studies did not replicate these 
results and found no differences of activation or even hyperactivation of DLPFC 
[27]. This apparent lack of consistency could be explained by the variation of task 
difficulty. Indeed, it has been hypothesised that the activation follows an inverted 
U-shape function. Therefore, a small activation is needed for an easy task, but it 
increases with a high task demand. Nonetheless, when the task is too difficult, acti-
vation decreases. It is argued that patients suffering from schizophrenia show a shift 
of this function to the left. Therefore, when the task is relatively easy, they show a 
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greater activation than healthy controls, whereas when the task is difficult, they 
show a hypoactivation as they have already reached their limit [21, 27, 28]. Kraguljac 
et al. [21], in a review of the literature, suggested that these findings could reflect a 
frontal-based, top-down, cognitive control impairment. This impairment would lead 
to compensatory strategies, and patients suffering from schizophrenia would show 
a wider pattern of activation, particularly in regions accounting for attention.

6.2.2.2  �Cognitive Control

As cognitive control comprises several cognitive functions, it can be studied using 
different tasks. We first will focus on studies using the Wisconsin Card Sorting Test 
(WCST), one of the most used tasks to evaluate cognitive control. Patients must 
classify cards according to a criterion that they have to find by themselves. After a 
certain amount of correct trials, the criterion changes, and patients must find the 
new one. Using event-related, functional magnetic resonance imaging (fMRI), 
authors can compare cortical response after a positive feedback and a negative feed-
back, therefore aiming to study the effort of changing strategy (i.e. set-shifting). In 
healthy participants, the paradigm reveals a cortical-subcortical loop comprising the 
prefrontal and parietal cortices and basal ganglia [29]. When comparing healthy 
participants to patients with schizophrenia, Wilmsmeier et  al. [30] found a more 
extensive activation network in patients compared to controls, although in their 
study, both groups performed equally. More specifically, they evidenced an increased 
response in both dorsal and rostral anterior cingulate cortex (ACC) in patients. 
According to the authors, the increased activation in dorsal ACC reflects a stronger 
cognitive effort to shift, whereas rostral ACC overactivation reflects a stronger emo-
tional response to negative feedback. Other studies, however, evidenced that rostral 
overactivation in patients with schizophrenia in these conditions was associated 
with better performances and learning abilities, suggesting that rostral ACC might 
be involved in cognitive control [31].

Wilmsmeier et al. [30] found an overactivation in the insula, known to be related 
to unsuccessful inhibition of negative state. In addition, the inferior frontal gyrus 
(IFG), associated with set-shifting, and the bilateral caudate nucleus, which has 
been shown to play an important role in executive processing [29], were both over-
activated in patients. Therefore, a negative feedback would generate a stronger and 
more distributed activation network in patients, reflecting enhanced cognitive effort 
to change strategy and obtain the same performances as healthy participants. In 
addition, it can also be speculated that disappointment might be more difficult to 
handle for patients.

Interestingly, no overactivation was found in healthy controls when compared to 
patients. These results suggest that patients show more activation both in terms of 
intensity and number of activated areas. That could suggest compensatory mecha-
nisms at work, recruiting a broader cortical area to perform the same task.

As explained earlier, executive functioning is recruited by many tasks, and, 
although they all refer to the same concept, they might rely on slightly different pro-
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cessing and therefore different secondary neuronal correlates [32, 33]. To avoid this 
pitfall, Minzenberg et al. [34] performed a meta-analysis, comprising 41 studies, to 
investigate neural correlates of executive functions in schizophrenia using different 
paradigms (including go/no-go, mental arithmetic, n-back, Stroop test, WCST). 
Within-group results showed that healthy controls and patients with schizophrenia 
activated a similarly distributed cortical subcortical network. That network comprises 
DLPFC, ACC, ventrolateral prefrontal cortex (VLPFC), premotor cortex, lateral tem-
poral cortical areas, parietal areas, cerebellum and thalamus. Significant co-occur-
rence of activation across studies was found among the DLPFC, ACC and mediodorsal 
thalamus. When comparing both groups, hypoactivation in patients was found in the 
DLPFC, VLPFC, dorsal ACC, occipital and parietal cortices and thalamus.

These results are interpreted in the context of models of cognitive control [18], 
suggesting that lateral PFC provides top-down control on other brain areas. ACC is 
known to monitor performance [32] and would modulate the engagement of 
DLPFC.  Therefore, dysfunction of DLPFC in schizophrenia would lead to poor 
engagement of other brain regions related to a given task and explain poor executive 
performances. The results are in line with the Wilmsmeier et al. [30] study specify-
ing that overactivation of the ACC could reflect a compensatory mechanism to 
increase the engagement of the DLPFC. That mechanism of compensation would 
help to control functioning in other brain regions and eventually to obtain similar 
performances as healthy controls.

6.3  �Episodic Memory

Memory relies on three basic processes: encoding, storage and retrieval. Verbal 
memory evaluations therefore usually comprise an immediate recall accounting for 
encoding and a delayed recall accounting for storage and retrieval abilities. Verbal 
memory is frequently found to be impaired in schizophrenia, and the encoding 
phase is particularly difficult for patients. As this verbal declarative memory impair-
ment is consistently found in patients and their relatives, it is sometimes considered 
as an endophenotype of schizophrenia [11].

6.3.1  �Anatomical Data

In healthy populations, episodic memory is known to be highly dependent on hip-
pocampus integrity [35]. Studies consistently find a reduction of hippocampus vol-
ume in patients suffering from schizophrenia [36, 37] and in their unaffected healthy 
relatives [25], compared to healthy controls. This reduction does not worsen during 
illness [36], and a large sample study investigating subcortical brain volumes in 15 
centres across the world found that hippocampal atrophy was more important in a 
sample scaled with a proportion of unmedicated patients [37].
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Links between cortical thickness and memory impairment were evaluated by 
Guimond et al. [38]. They investigated cortical thickness in regions known to be 
involved in episodic memory like the parahippocampal gyrus, frontal cortex and 
hippocampus in a group of patients showing low to mild memory impairment and 
in a group of patients showing moderate to severe memory impairment. The results 
showed a greater cortical thickness in the latter group of patients. Particularly, they 
were found to show a thinning in the left inferior frontal gyrus, left middle frontal 
gyrus and orbitofrontal cortex (OFC). The left parahippocampal gyrus was also 
thinner than in healthy control participants. They failed, however, to find any hip-
pocampal atrophy.

A recent meta-analysis by Antoniades et al. [39] investigated the links between 
hippocampal volume reduction and functionality. Interestingly, verbal memory per-
formances were found to be correlated with hippocampal volume. The authors 
showed that verbal learning and performances at delayed recall were associated 
with both right and left hippocampal volume in patients suffering from schizophre-
nia, whereas this correlation was not found in healthy controls. The volume of other 
subcortical structures, such as the amygdala and putamen, also was found to be 
linked to verbal memory performances although they were less systematically 
investigated.

6.3.2  �Functional Data

Episodic memory functioning is considered to rely mainly on the medial temporal 
lobe (MTL) with contribution of the prefrontal cortex. In the prefrontal cortex, three 
regions are principally recruited: ACC, which is thought to support adjustment in 
cognitive controls; DLPFC, which is considered to process links between items; and 
VLPFC, supposed to be responsible for semantic processing of the item [40].

6.3.2.1  �Prefrontal Implications

In patients suffering from schizophrenia, episodic memory impairment is usually 
accompanied by a lesser activation of the prefrontal cortex. Indeed, in a meta-
analysis, Ragland et al. [40] evidenced that during encoding, patients suffering from 
schizophrenia showed a hypoactivation of the left frontopolar cortex, VLPFC and 
DLPFC.  This suggests that the observed differences in performance between 
patients and healthy controls rely more on information monitoring than on pure 
memory processes. Indeed, these regions are involved in working memory pro-
cesses, particularly for linking information with its context and with each other [41].

A second analysis was performed including only studies in which patients were 
given explicit strategies to improve encoding. The authors found a similar pattern of 
results, except for VLPFC hypoactivation which was not found. This suggests that 
when strategies are given to patients, the activation of the ventrolateral prefrontal 
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cortex reaches the level of healthy controls, suggesting that patients are able, when 
initiated, to semantically process and link stimulus with context.

Ragland et al. [40] also performed an analysis accounting for performance 
differences in the retrieval phase. As for encoding, the differences in the pattern 
of activation in patients compared to control participants reflected more diffi-
culty in task managing than in memory per se. It revealed hypoactivation in the 
DLPFC, right ACC, thalamus and cerebellum. The authors hypothesised—given 
that hypoactivation was found in structures involved in error monitoring, work-
ing memory, attention and mental flexibility—that people suffering from schizo-
phrenia show difficulties in monitoring their responses, detecting their errors 
and adjusting their behaviour. Other evidences in favour of this hypothesis were 
found recently, suggesting that the VLPFC can be recruited by participants suf-
fering from schizophrenia when explicit encoding strategies are recommended 
to them [42].

Surprisingly, Ragland et al. [40] found many differences in the prefrontal cortex 
and not in the MTL, as one could have hypothesised. That has one exception: the 
hyperactivation found in the right parahippocampal gyrus that might reflect a com-
pensation mechanism. Differences in MTL activation are not systematic in the lit-
erature, and it seems that they can be determined by the method of data analysis 
used in each study. Indeed, studies using region of interest (ROI) analysis seem to 
find more often significant differences in activation between patients and control 
groups in the MTL [40, 43].

6.3.2.2  �Medial Temporal Implications

Using this type of analysis, several studies found different significant patterns of 
activation of the hippocampal and parahippocampal areas in patients with schizo-
phrenia during declarative memory tasks as compared to healthy controls [43, 44]. 
Indeed, when comparing successful encoding with fixation condition, it seems that 
the successful encoding of an item is characterised by a hyperactivation of the ante-
rior hippocampus in patients as compared to healthy controls and unaffected rela-
tives [44]. This overactivation might reflect an improved effort for patients to 
successfully encode a stimulus. This hypothesis was supported by the finding that 
the parietal superior areas also were overactivated. These regions are known to be 
linked to the hippocampus and involved in integrated perception processing and 
conscious organisation during encoding. Therefore, this activation pattern suggests 
that successful encoding of information is more effortful in patients and/or that 
information processing is longer.

As declarative memory impairment in schizophrenia might be an endophenotype 
of the disorder, the pattern of activation in the memory task in unaffected relatives 
was also investigated. Interestingly some anterior left hippocampal hypoactivation 
was found in both patients and relatives, when comparing successful encoding to 
unsuccessful encoding, suggesting that some part of irregular cerebral activity 
might be linked to genetic liability factors [44].
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To conclude this section, it seems that verbal episodic memory impairment in 
schizophrenia relies on abnormal hippocampal volume and prefrontal hypoactiva-
tion. Prefrontal hypoactivation suggests that impairment of patients in monitoring 
information generates difficulties in encoding and retrieval. These difficulties might 
also be enhanced by a more effortful processing of stimuli.

6.4  �Cognitive Remediation Therapies

Cognitive remediation is an evidence-based psychotherapy for schizophrenia aim-
ing to remediate cognitive impairments. There are different programmes and for-
mats, but all of them have in common some principles and methods. The Cognitive 
Remediation Expert Working group has proposed a definition of cognitive remedia-
tion, considering those principles common to all cognitive remediation approaches: 
a behavioural training intervention targeting cognitive impairment, including atten-
tion, memory, executive functions or metacognition, using scientific principles of 
learning with the ultimate goal of improving functional outcomes. Several studies 
have tested the outcomes of cognitive remediation in schizophrenia, and two meta-
analyses have established its efficacy [45, 46]. Cognitive remediation is helpful for 
improving cognition as well as daily functioning, but the underlying neural mecha-
nisms of this treatment are not fully understood.

To demonstrate the existence of brain functional changes, researchers have followed 
the simple strategy of scanning participants before and after the cognitive intervention. 
In both moments, the participants should be performing a cognitive task that facilitates 
the activation of the targeted brain areas. Initially, different studies followed a single-
case or case-series methodology [47–49]. Those studies helped to demonstrate the pos-
sibility of detecting changes in brain functioning after cognitive remediation. The design 
of the studies was theoretically driven and based on the selection of a few regions of 
interest, mainly prefrontal areas. All of the studies showed positive effects after cognitive 
remediation in terms of frontal activation improvement, but some studies showed that 
some patients could not present any improvement [50]. Despite the obvious limitations 
of the single-case methodology, these sorts of studies could still be helpful in under-
standing intersubject variability. There are an important number of studies focusing on 
the effects of cognitive remediation with neuroimaging procedures (Table 6.1), and the 
majority of these are randomised and controlled trials.

6.4.1  �Findings in Frontal Lobe

Mostly, the main preference of researchers has been testing the activation of the 
prefrontal areas. Consequently, these have relied on cognitive paradigms that are 
dependent on the activation of those areas such as the n-back, verbal fluency or 
relational learning tasks [51–59].
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Thus, with the n-back task, some interesting results have been described. Wykes 
et al. [53] were the first authors to demonstrate the potentiality of cognitive remedia-
tion to improve brain functioning in a randomised and controlled trial. The improve-
ments found in different areas of cognition were significantly related with an 
increase of activation of the inferior frontal gyrus. A number of researchers then 
conducted similar studies to replicate those findings. Haut et al. [54] found increases 
in the activation of the left DLPFC and the ACC. Edwards et al. [55] implicated 
more areas of improved activation, including the frontal, parietal, inferior frontal 
junction and visual cortex. Similar results were found by Bor et al. [56] involving 
the frontal gyrus, cingulate gyrus and inferior parietal cortex. Recently, Ramsay 
et al. [57] also found increases in left lateral prefrontal activation during an n-back 
task. Subramanian et al. [58] used a different cognitive paradigm for scanning. They 
used a word generation and recognition task. After cognitive remediation, patients 
showed a significant improvement of the medial prefrontal activation pattern. It is 
interesting to highlight a tendency toward the normalisation of the prefrontal activa-
tion pattern although patients still showed poorer activation than healthy controls. 
Finally, Vianin et al. [59] reported increased activation after treatment in different 
areas including the parietal lobule, precentral gyrus, occipital cortex, middle cingu-
late cortex and superior parietal lobule, using a verbal fluency paradigm. Strikingly, 
the authors reported increased activation in Broca’s area, claiming that verbalisation 
might be the main factor underlying these brain changes.

In general, it seems to be proven that patients showed some increases in the activ-
ity of some parts of the frontal lobe after the cognitive remediation. These areas 
were mainly the left DLPFC, left DLPFC, anterior cingulate and right and left pre-
frontal cortex.

6.4.2  �Findings in Connectivity and Brain Functioning

It has been suggested, however, that high levels of activation should not necessarily 
be considered an indicator of better brain functioning. A decrease in activation in 
some brain areas could be correlated with better cognitive performance in healthy 
people [27]. Penadés et al. [60] used the nback task and showed that two different 
networks, the central executive network and the default mode network, were overac-
tive when compared to the healthy participants despite the finding that their task 
performances are similar. Interestingly, decreased activation was found in both net-
works after treatment. In healthy people, the default-mode network has been proven 
to be anti-correlated with the other networks, but in schizophrenia, this always 
remains overactive. Particularly interesting is the decreased activity in the default 
mode network after treatment. This could mean a better synchronisation in the acti-
vation of one network, the central executive network, and deactivation of the other, 
the default mode network. On the whole, the activation patterns after treatment were 
more similar to the patterns observed in healthy controls. Those findings could be 
interpreted as an improvement in the efficiency of both networks.
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Recently, a number of researchers have begun focusing on new targets that come 
from new theoretical frameworks like brain networks theory. The use of the whole-
brain approach has allowed focusing on the totality of brain regions and not only on 
the frontal lobes. Connectivity between different regions of the brain also is becom-
ing the focus of new research [60–62]. Additionally, new methods of analysis of 
neuroimaging data enable us to test changes not only on taskrelated performance 
but also on restrelated brain functioning. Those innovative aspects are potentially 
constructing a more accurate picture of the effects that cognitive remediation may 
produce on brain functioning.

In this context, Penadés et al. [60] conducted a trial using a wholebrain approach 
that combined fMRI and diffusion tensor imaging (DTI). They investigated the 
effect of cognitive remediation on brain functioning, trying to test the potential 
changes on white matter fibres. The analysis of white matter on DTI showed an 
increase in the fractional anisotropy index after treatment for participants who 
received cognitive remediation. That increment was found in the anterior part of the 
genu of the corpus callosum, and it was correlated with cognitive gains. Although 
these findings need to be replicated, the authors speculated about the possibility that 
cognitive remediation could be improving connectivity between the two prefrontal 
hemispheres. The prefrontal cortex in both hemispheres is connected via the ante-
rior part of the corpus callosum, and the whole system is an important element of 
the working memory system.

Eack et al. [62] conducted a pioneering research, testing the potential effects of 
cognitive remediation over brain connectivity. A longitudinal, randomised and con-
trolled trial was carried out with 45 participants. These individuals were treated for 
2 years with cognitive enhancement therapy (CET), which combines cognitive com-
puter exercises on an individual basis and social cognitive exercises in group for-
mat. Functional MRI data was collected annually, and a resting-state functional 
analysis was performed. To test potential effects of cognitive remediation on fronto-
temporal connectivity, they used a seed-to-voxel general linear model. Statistical 
analyses showed that only participants who underwent CET showed two sorts of 
changes in connectivity. Firstly, connectivity loss between the resting network and 
the DLPFC was inferior for patients who followed the cognitive intervention. 
Secondly, connectivity with the insular cortex extending to the superior temporal 
gyrus significantly increased. Both networks seem to be related with problem-
solving and emotional processing. The authors concluded that CET may improve 
brain connectivity, particularly between frontal and temporal regions.

To sum up, the findings of these studies suggest that cognitive remediation could 
be acting in different areas of the brain and not only in the areas of the frontal lobe. 
In any case, more brain activation is not always a suggestion of better brain func-
tioning. Networks theory suggests that some brain areas, like the default mode net-
work, are impaired in schizophrenia because they are overactive. For these reasons, 
not only activation of networks but also connectivity and synchronisation between 
them may become the focus of future studies.
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6.4.3  �Structural Findings

Eack et al. [63] published the first study trying to identify the effects of cognitive 
remediation in brain morphology. Using a voxel-based, morphometry methodology, 
they performed volumetric analysis in different regions of interest involving frontal 
and temporal regions. Participants were treated with the CET for 2 years, and the 
control group followed a supportive therapy for the same period. Noticeably, the 
analyses revealed some remarkable changes. Patients following cognitive interven-
tion showed significant preservation of the grey matter in relation with the control 
group. The group with cognitive intervention showed less grey matter loss in fusi-
form gyrus and in the left parahippocampal region. Moreover, significant increases 
of grey matter were found in the left amygdala. All of these findings were statisti-
cally related with cognitive improvement after the cognitive intervention. The 
authors defended the possibility that cognitive remediation might have a protective 
effect on the brain in persons affected by schizophrenia.

Morimoto et al. [64] recently performed a randomised controlled study using a 
computer-assisted, cognitive remediation programme. They used a whole-brain, 
voxel-based, morphometric analysis to detect significant volume changes in cortical 
grey matter. Interestingly, patients who received the cognitive intervention showed 
statistically significant increases in right hippocampal volume. Changes in hippo-
campal volumes were positively correlated with verbal fluency improvements. The 
results suggest that cognitive remediation might be able to facilitate, hippocampal 
plasticity to some degree.

Finally, despite the incipient evidence for structural changes in the context of 
cognitive remediation, little is known about whether neuroimaging data can be used 
as a predictor of treatment response. This question was tested by Penadés et al. [65], 
who used baseline cortical thickness as a potential predictor of outcomes. The 
results suggested that baseline measures of cortical thickness in the frontal and tem-
poral lobes are associated with responsiveness to cognitive remediation. In particu-
lar, improvement in non-verbal and verbal memory was associated with greater 
thickness in some areas of the frontal and temporal lobes at baseline. Significant 
differences were found in the left superior frontal, left caudal middle frontal, left 
precuneus and paracentral, superior frontal, right caudal middle frontal gyrus and 
pars opercularis. The results of this study need to be replicated, but they suggest that 
responsiveness to cognitive remediation may be dependent on the integrity of some 
brain structures located mainly in frontal and temporal lobes.

On the whole, structural studies suggest some detectable changes in the context 
of cognitive remediation. Some putative protective effects in the grey matter of the 
frontal and temporal lobes have been suggested. In addition, some sort of plasticity 
has been detected in the form of an increase of volume in the hippocampal region 
and in augmentation of white matter fibres at the corpus callosum. Finally, respon-
siveness to cognitive remediation may be related to the integrity of some brain areas 
in frontal and temporal lobes (Fig. 6.1).
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6.5  �Conclusion

Neuroimaging studies in recent years have shed some light on the topic of the neu-
robiological basis of cognitive function in schizophrenia. Thus, prefrontal cortex 
engagement appears to be a core characteristic in schizophrenia, although the results 
of studies investigating the neural correlates of cognition are far from consensus. 
Some authors suggest that some neurocognitive dysfunction could be seen as a 

Fig. 6.1  Areas of the brain associated with cognitive remediation improvements in schizophrenia. 
For more detailed regions, direction of change and related studies, see Table 6.1. (a) Functional 
findings: areas that have shown activation changes. Bilateral and sagittal views of the brain. (b) 
Connectivity findings. Sagittal and superior coronal view of the brain. Arrows symbolise connec-
tivity. (c) Structural findings: areas that have shown changes in terms of volume (grey and white 
matter). Inferior transverse views of the brain. All the figures are qualitative representations. ACC 
anterior cingulate cortex, DLPFC dorsolateral prefrontal cortex, B bilateral, L left, R right
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consequence of prefrontal cortex dysfunction [40, 42]. Interestingly, cues for com-
pensatory mechanisms are found in all the cognitive domains reviewed, suggesting 
that schizophrenic brains adapt their functioning to improve performance, although 
it is not fully efficient.

Also, neuroimaging studies of cognitive remediation in patients with schizophre-
nia have led to a better understanding of cognitive processes in schizophrenia. 
Cognitive remediation therapies have proven their proficiency to induce significant 
improvements on brain functioning. In particular, changes involving the prefrontal 
and thalamic regions are the most commonly reported results. These changes are 
being interpreted in terms of functional reorganisation of the neural networks. 
Moreover, structural changes in grey and white matter have also been described. 
These could be understood as the effects of neuroplasticity induced by the cognitive 
intervention. At the same time, these findings suggest a neuroprotective effect in 
response to cognitive remediation as they could be preventing, to some degree, grey 
matter loss. Obviously, more studies are required to confirm and clarify these 
results. As already suggested [5, 6], future studies should incorporate multimodal 
neuroimaging procedures, whole-brain analyses, brain networks theories, studies of 
connectivity, tractography and more complex theoretical models like graph theory.
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