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1 | INTRODUCTION

Abstract

Context: cognitive remediation involves either intensive training of impaired functions
or implementing strategies to compensate for these impairments. In cases of schizo-
phrenia, both methods have demonstrated benefits in terms of behavior and cerebral
activity. However, despite the major differences between these two approaches, their
impact has not yet been compared.

Method: We searched the Psychinfo, Pubmed, and ScienceDirect databases using the

» o« » o«

key words “cognitive remediation,” “schizophrenia,” “cerebral activity,” and “magnetic
resonance imaging,” in order to select studies investigating the effects of cognitive
remediation on patients with schizophrenia. The studies selected had to present their
approach in detail and measure its impact in terms of both cerebral activity and cogni-
tive function, both before and after therapy. We divided the studies into two groups,
those using the strategy method and those using the training method.

Results: Eight studies were included in the review, four for the strategy method (88
patients, 44 of whom underwent remediation) and 4 for the training method (87 pa-
tients, 43 of whom underwent remediation). The analysis of the results of this study
indicates that the training method is capable of activating more the targeted brain
areas than the strategy method. However, the latter appears to encourage more ex-
tensive activation of the cerebral networks.

Discussion: The studies used for this review vary widely in terms of the imaging meth-
ods and protocol. However, differences were found between the two methods and
lead us to suggest that further studies, with proper bias control, should be conducted

to systematically compare the two approaches.
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2000) which explains the increasingly widespread use of cognitive
remediation for schizophrenia. Cognitive remediation involves re-

Schizophrenia is strongly associated with cognitive impairments storing cognitive function, through intensive, repetitive training, or
(Heinrichs & Zakzanis, 1998). Antipsychotic drugs can relieve the compensating for the impairment by putting into place strategies
main symptoms of the disease but have no therapeutic effect on to counterbalance the impairment with the aim of obtaining long-
this cognitive impairment (Weisbrod, Kiefer, Marzinzik, & Spitzer, term benefits and an improvement in day-to-day functioning (Kurtz,
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2012). In cases where the aim was to restore function, the remedi-
ation focuses on a specific training of the impaired functions using
computer or paper-based exercises. This work can be performed at
home orin aninstitution but must be regular and repetitive to restore
the proper functioning of the affected cerebral areas. The training
starts out at a low level of difficulty and increases gradually until
the executive functions are reached (Subramaniam et al., 2012). In
the case of strategy-based remediation, the focus is on developing
methods to compensate for the impairment experienced. Cognitive
training is less focused on repetitions but is combined with strat-
egy work and reflexive thought about everyday life (Wykes, Huddy,
Cellard, McGurk, & Czobor, 2011). These two methods have both
produced significant improvements in cognitive function, showing
particular gains in terms of working memory, problem-solving, and
long-term memory (Minzenberg & Carter, 2012). Furthermore, cog-
nitive remediation has also been shown to have an impact on ce-
rebral activity, with increased activity in the frontal and prefrontal
regions, as well as in the anterior cingulate cortex (Isaac & Januel,
2016). Remediation compensates for impairments (use of regions of
the brain other than those affected) but also partially restores acti-
vations which have previously been reduced (Ramsay & MacDonald,
2015). While the cerebral effects of cognitive remediation have
already been widely reported in the literature, the underlying pro-
cesses which bring about these benefits remain poorly understood,
and the impacts of these two types of remediation have not yet
been compared systematically.

This review aims to compare the results of published studies using
these different methods in order to better understand the mechanisms
involved, based on the hypothesis that the two types of remediation
have different effects on cerebral activity. We conducted a systematic
search for studies investigating the two remediation methods, cate-
gorized as either strategy implementation approaches or training of
the impaired functions, based on a detailed analysis of the techniques

used.

2 | METHOD

We conducted a systematic search using the PRISMA criteria (Moher,
Liberati, Tetzlaff, & Altman, 2009) in the Psychinfo, Pubmed, and
ScienceDirect databases. The terms used for the search related to
the type of remediation used “cognitive remediation,” the “schizo-
phrenia” population and the measurement of cerebral activity with
the key words “cerebral activity” and “magnetic resonance imaging.”
Our inclusion criteria were as follows: we selected randomized stud-
ies investigating the effects of cognitive remediation in adults with
schizophrenia; the effects of the remediation on cerebral activity and
cognition had to have been assessed before and after remediation for
the purposes of comparison; the remediation program had to be de-
scribed in detail and focus on cognitive function and not solely on
social cognition. Indeed, there are no simple training methods for im-
pairment of social cognition, and it is therefore difficult to compare
the two methods on this point.

Over the course of the study, a table was completed showing the
main data from each article (remediation technique, population, par-
ticipant groups, the control therapy, the task used to measure cere-
bral activity, detailed information on the cerebral effects, the target
cognitive impact, and the actual cognitive impact). In order to analyze
and compare the results, we divided the studies into two categories
according to the two methods investigated as follows: strategy or
training. The studies were assigned to the two categories based on
the training method or strategy method after careful examination of
the programs used. For the studies assigned to the strategy category,
the therapist was involved in the rehabilitation process, providing
the participants with strategies to use themselves to improve perfor-
mance, which they can reproduce in their daily lives. For this type of
therapy, participants received individual care management, tailored to
their specific situation (Eack et al., 2009; Edwards, Barch, & Braver,
2010; Pu et al., 2014; Vianin et al., 2014). In some cases, this therapy
was conducted in small groups. The group then served as a forum for
sharing strategies. The aim was not necessarily to restore the cognitive
functions but to help the participants to deal with them by focusing
on the capacities they still have. In the training category, the thera-
pist is less involved, leaving the patients to progress through a series
of repetitive, targeted training exercises in small groups or at home
(Bor et al., 2011; Haut, Lim, & MacDonald, 2010; Hooker et al., 2012;
Subramaniam et al., 2014). The main goal was to work on the altered
functions to improve the cognitive functioning. Therefore, strategies
are not needed: the participants only work on their weaknesses. The
level of therapist involvement, the repetitiveness, the involvement of
strategies were used as a criterion for distinguishing between the two
methods. We also split the analysis of the results according to the two
methods;

3 | RESULTS

The search criteria are set out in the PRISMA study selection flow-
chart (Figure 1). The search found 555 articles. Five hundred and
forty-three studies were removed as they did not meet the eligibility
criteria: use of imaging technique, use of a detailed cognitive reme-
diation program, and patients with schizophrenia. Subsequently, any
studies included twice over from the searches in different databases
were removed, leaving a total of eight selected studies.

The patients included in these studies were stable and receiving
treatment. Three studies demonstrated effects on connectivity, and
a number of studies found correlations between increases in certain
types of cerebral activity and improvements in cognitive function
including attention, working memory, verbal memory, and cognitive

control. These results are set out in detail in Tables 1 and 2.

3.1 | Strategy method

The four studies focusing on strategy implementation included a total
of 88 patients, 44 receiving cognitive remediation and 44 control ther-
apies. In each study, a therapist was present throughout the sessions
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FIGURE 1 Prisma study selection
flowchart —

during which patients worked through exercises on a computer using
a purpose-designed software program or on paper. Discussion of the
strategies also sometimes took place in groups to encourage partici-
pants to develop and share their strategies. Generally, the aim was
to help them develop methods that they could use in their everyday
life. The duration of the programs varied from 14 to 45 weeks with
between 2 and 4 hr of therapy per week. The increased cerebral activ-
ity observed after remediation was mainly concentrated in the frontal
regions in the middle and inferior frontal gyrus (Vianin et al., 2014),
the precentral gyrus (Vianin et al., 2014), the dorsolateral prefrontal
cortex (Keshavan et al., 2016; Pu et al., 2014), the midcingulate cor-
tex (Penadés et al., 2016; Vianin et al., 2014), the ventromedial pre-
frontal cortex (Pu et al., 2014), and the frontopolar cortex (Pu et al.,
2014; Vianin et al., 2014). Increases in activity were also found in the
parietal and occipital lobes, the inferior and superior parietal lobule
(Vianin et al., 2014), precuneus (Penadés et al., 2016), the middle and
inferior occipital gyrus (Penadés et al., 2016; Vianin et al., 2014), and
the lingual gyrus (Penadés et al., 2016). Increased cerebral activity was

also found in the temporal lobe in the middle temporal gyrus (Penadés
et al., 2016). These results are set out in detail in Table 1. Two of the
studies presented searched regions of interest in the anterior cingu-
late cortex and midcingulate cortex, as well as in the superior and
medial prefrontal cortex (Keshavan et al., 2017b; Pu et al., 2014), and
the other analyses took into account the whole brain. The different
activations observed are shown in Figures 2 and 3.

3.2 | Training method

The four studies investigating training of impaired functions included
74 healthy individuals and 87 patients, 43 of whom undertook train-
ing and 44 were given a control therapy. The exercises were com-
pleted in the laboratory or at home, and therapists were sometimes
present but were not supposed to intervene. The programs were in-
tense and repetitive. They varied in duration from 4 to 16 weeks, with
4-7 hr of remediation per week. Only one study was conducted by
region of interest (Haut et al., 2010), and the others excluded certain
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(Continued)

TABLE 1

Neuropsychological
improvements

Time to post
CR evaluation

Duration/

Cerebral impact of CR and functions of affected areas

Specific type of remediation

Frequency

MRI details

Groups

Authors

Zin inhibition and

1-2 months

Computer-based and paper 2 activity:

14 weeks: 2 hr

Task: verbal

=8)vs. Sz
8)

SzCR (n

Vianin

reasoning ability

R inferior parietal lobule—162v — language ventral

stream, resolution of spatial tasks

program supported by a

TAU (n = fluency CR/week

et al.

therapist (selective attention,

visuospatial attention,

+ 14 hr at
home

(2014)

Bilateral precentral gyrus—69v (AB 44) = voluntary

movement, motor response

visuospatial memory, reasoning,

verbal memory, WM).

L inferior frontal gyrus—29v (AB 45) — language

production, verbal WM, EF (executive control of

language)

L middle occipital gyrus—15v — visual attention

L midcingulate cortex—12v — attention, motivation,

verbal response initiation

L superior parietal lobule—10v — attention, dorsal

stream visual system

CR: cognitive remediation; Sz: patients with schizophrenia; TAU: treatment as usual; WM: working memory, STM: short-term memory; LTM: long-term memory; v: number of voxels; EF: executive functions; PFC:

prefrontal cortex; vimmPFC: ventromedial prefrontal cortex; mPFC: medial prefrontal cortex; L: left; R: right; BA: Brodmann Area; ROI: Region Of Interest.
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motor regions or covered all cerebral activity. Generally speaking, in
the training studies, the increases in cerebral activity were observed
in the prefrontal regions: inferior, superior, and middle frontal gyrus
(Bor et al., 2011; Hooker et al., 2012; Subramaniam et al., 2014), an-
terior cingulate gyrus (Bor et al., 2011; Haut et al., 2010), frontopo-
lar cortex (Bor et al., 2011; Haut et al., 2010), dorsolateral prefrontal
cortex (Haut et al., 2010; Pu et al., 2014), precentral, and postcentral
gyrus (Subramaniam et al., 2014). Some temporal regions were also
affected, including the superior temporal gyrus and the angular gyrus
(Hooker et al., 2012). The inferior parietal lobule and the insular cor-
tex also showed increased activations through remediation (Bor et al.,
2011; Haut et al., 2010).

The different activations observed are shown in Figures 2 and 3.
This figure presents a visual overview of the activations found in the
different studies included in this review. However, it is not necessarily

representative as not all studies considered the brain as a whole.

3.3 | Risk of bias

The risk of bias in the studies included in this review is presented in
Table 3. We used the Cochrane criteria to evaluate these risks. All the

studies included were randomized, and some were double blinded.

4 | DISCUSSION

This literature review compared the cerebral impact of cognitive
remediation techniques based on the implementation of strategies,
against those based on the repetitive training of impaired functions.
The aim was not only to review the existing literature on the topic
but also to underline the different mechanisms raised by these two
methods. Indeed, some studies are already reviewing the cerebral
impact of cognitive remediation. Yet, no comparisons were made
between the methods themselves. All the remediation techniques
presented in this review had a significant impact on the participants’
cerebral activity. Remediation increases the activation of the cer-
ebral regions which support executive functions, regardless of the
method used. The two cognitive remediation methods do, however,
have different effects in terms of the intensity of the increase in ac-
tivation and the locations of these activations. The training method
is capable of activating more the targeted brain areas than strategy-
based techniques. The training-based remediation sessions focus on
specific cognitive functions and involve the related cerebral regions,
as subjects are asked to concentrate on a specific task. Therefore,
this result is coherent with the method itself: a specific training
leads to specific increasing of cerebral activations. The number of
voxels mobilized should be interpreted with caution as the different
studies measured activity at different time intervals postremedia-
tion, using different methods and devices. However, the difference
observed remains noteworthy.

As regards the locations of the effected regions, only studies using
the strategy method saw increases in activity in areas such as the
precuneus, involved in episodic memory (Cavanna & Trimble, 2006;



BON anbp FRANCK

Open Access,

1or

MWI LEY_Brain and Behav

(sanuiuod)

Ajoeded uonjudodal
uolows [eey Ul v

(M)
Souewoad oeq-u v

3ujuoseal
pue uoljuape v

sjuswaAo.dwil
|eai8ojoydAsdoinaN

(uonyengau uoioe

‘INM ‘Butuueld) 43 « (6 Vg) AGT—SNJAS |ejuoly Joiadns y

Suissadoud

a3en3ue| xa|dwod « (4€ Vg) A6S—SnJAS Jendue 7

uolsuayasdwod pue 3uissadoud

Aioypne « (81 vg) AZT—SnJAS |esodwa) Joladns y

95U0dsaJ JOJ0W ‘JUSWSAOW AleIUN|OA

<« (£ V9) A8T pue Apyg—snJA3 |esuadaud |esale|ig

syse} xa|dwod

3uluueld « (9 vg) Acz—eaJe Jojow Alejuswa|ddns y

ojul jesodway Jo uondasad ‘uorouny

AJOSUDS01BWOS «— (£ Yd) AGE—SNJAS [esjuadisod y

VN Aynipopy
eaJe A10Suasolewos
‘Wa1SAs aunses|d« (STV9g) ALGH—X3140D Jensul—
uoljel}iul [eqJaA ‘uoljeAijow
‘UonUINY « (Z€/¥7¢ Vd) A8SGH—SNIAS 93enSud Jouajuy
INLS ‘(Apiqixa)y ‘uoneziuesdio ‘Suiuueld)
43 < (6 ‘9 V8) AE6G—|BSIOp | PUB AEZ9—Dd [esiop Y
(Supiseaninw ‘Buluueld) 43 ‘NLS
< (0T V4) AG8S pue AGEG—X21403 Jejodojuod) y pue 7
:030yd | 1S XSpI—¥D 423D pup 210J2q ANAIID v
uoljeriul [egquaA ‘uoljeAljow
‘UoljuaNIe < (ZE/12 V4) A861H—SNJIAS 23e|N3UID JoLISJUY
INLS ‘(Annqgixayy ‘uoneziuesio ‘uiuueld) 43 « (9% pue
‘6 ‘8 ‘9 Vd) ALG—|e191e|0SI0p 7 puB AEOT—D4d esiop
(Bupyseynw ‘Sutuueld) 43 ‘INLS
< (0T V4) APET pue Ag/g—x21403 Jejodojuol) y pue

S}oOM Z-T pIOM N JSPI—YD 423D pub 210Jaq AJIAIID

Ajdeded uojuajie pue eale e204g v (UO0IID[31I0D)

sysej |eljeds Jo uolnjosad ‘(@3en3uel)

Wweal)s [BJJUIA < AQHE—aINqo] [e3alied Jouajul
uoljel}iul asuodsad [egaaA

‘uoleAllow ‘uoiluaNle « (HZ Vg) ASTH—SNJA3 a1ein3uid

« (eaJe e20.1g ‘Si/¥1 Vd) AQOOT —SNJAS [euOly JoLdjul ]
uoneniul
‘BUIA|0S-WB|qoId <~ A9QQT—SNJAS |ejuOly SppIW ]

S)oaM ¢ AUNROD

uoinen|ead seale pajdaje JO SUOIdUNY pue Y Jo Joedwii [eiqaldd)

4D 3s0d o3 swi|.

3uiuieuy uolu3odal

uoijows + ‘swoy

je 1o Alojeloqe|

ul (SSauaAndaLle

‘uoljualle ‘paads)

uoljeuIojul |eqUaA pue

Aiojipne jo 3uissadoud

pue NM 404 wea3oud
9JEM1JOS UOIjeIpaWY

*103e313S9AUl

WwoJy X2eqpasy

panwi] {7 Jo sdnoug ul

4D (M) >2eg-u Suisn

Sululel) pue (suolouny

9AIINIXD ‘Adowdwl

‘uonyuajie) weisoud
9JBM}JOS UOIJeIpaWDY

‘(suoizouny

AIINIAXD ‘N ‘Adowsw

‘uonuaiie) wesdoud
2Jempyos Sujulel |

uoljelpawal
Jo adA3 oy1dads

Moam / Adessyy
9AI}IU30d
pue |e1dos suol3al
JO Uy T AjPrew PaA|OAUL JO (TT = u) sswesd

-Ixoidde + >9am  sisayjodAy uo O3PIA ZG 'SA
/weidoud  paseq sisAjeue (TT = u) Adesayy
9JeM1JOS uoniugodal |e1nos pue (z102)
JY G:iSH99M QT  UOIOWS Hse]  SAINUS0D + YD ZS  °[e 12 JXOOH
sisAjeue |0y (6=u)
‘(INM) o304d Auzjeay 'sa
AedM/IY 9-  fIeg-U ‘piom (6=u)nvLZzS (otoz)
1SYoOM 9-1 JNoeqg-use]  SA (g =U) YD ZS ‘le 39 IneH
S9U0Z J0jow (6T = u) dnou3
Jouoisnpxs  Aylesy + (6 = U)
oM (INM) |043u0d (TT02)
/Y 1 :$>99M 9 Noeq-g sel  SA(8 =U)¥DzS ‘le 39 Jog
Aduanbauy s|ieap N sdnoio sloyiny
Juoneing
poyjaw 3uluiesy ‘synsaJ Jo Alewwns g 3719V.L



BON anbp FRANCK

(Continued)

TABLE 2

Time to post CR  Neuropsychological

evaluation

Specific type of
remediation

Duration/
Frequency

improvements

Cerebral impact of CR and functions of affected areas

MRI details

Groups

Authors

2 LTM, EF

No deadline

Z'in activity at 16 weeks:

CR software program

16 weeks: 7 hr/

Task: n-back

(WM)

Subramaniam  CR vs. video

etal. (2014)

L middle frontal gyrus — EF (problem-solving, verbal

fluency, risk-taking)

visual processing,

week

games Vs.

auditory-verbal, WM,
and social cognition

healthy TAU

L inferior frontal gyrus = language production, verbal

WM, EF (executive control of language)

Aconnectivity at 16 weeks: R middle frontal gyrus, L middle

frontal gyrus, and L inferior frontal gyrus.

Correlation: 2 R middle frontal gyrus 7 WM performance

CR: cognitive remediation; Sz: patients with schizophrenia; TAU: treatment as usual; WM: working memory, STM: short-term memory; LTM: long-term memory; v: number of voxels; EF: executive functions;

PFC: prefrontal cortex; vmPFC: ventromedial prefrontal cortex; mPFC: medial prefrontal cortex; L: left; R: right; BA: Brodmann Area; ROI: Region Of Interest.
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FIGURE 2 Representation of zone showing significantly high
levels of activation after CR in the left hemisphere (R). This figure is

a qualitative representation. In red: strategy; in blue: training; 1: Bor
et al. (2011); 2: Keshavan, Eack, Prasad, Haller, and Cho (2016);

3: Haut et al. (2010); 4: Hooker et al. (2012); 5: Penadés et al. (2013);
6: Pu et al. (2014); 7: Subramaniam et al. (2014); 8: Vianin et al. (2014)

FIGURE 3 Representation of zone showing significantly high
levels of activation after CR in the right hemisphere (R). This figure is
a qualitative representation. In red: strategy; in blue: training;

1: Bor et al., 2011; 2 : Keshavan et al. (2016); 3: Haut et al. (2010);
4: Hooker et al. (2012); 5: Penadés et al. (2013); 6: Pu et al. (2014);
7: Subramaniam et al. (2014); 8: Vianin et al. (2014)

Yokoyama et al., 2010). However, this function was also targeted by
some of the training method studies (Haut et al., 2010; Subramaniam
etal., 2014). This is an interesting finding because behavioral im-
provements in relation to memory are also observed for this type
of remediation, which therefore indicates the involvement of other
cerebral regions. Furthermore, the strategy method activates more
of the zones responsible for executive functions. It would appear
that implementing strategies activates a broader network, involving
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TABLE 3 Description of risk of bias

Randomised selection of

Blinded (investigator not Results reported

subjects Blinded (participants)  informed of effects sought) in full
Bor et al. (2011) Yes No Yes Yes
Haut et al. (2010) Yes No NA Yes
Hooker et al. (2012) Yes Yes Yes Yes
Keshavan et al. (2016) Yes NA NA Yes
Penadés et al. (2013) Yes No Yes Yes
Pu et al. (2014) Yes, but groups not NA NA Yes
randomised
Subramaniam et al. (2014) Yes Yes Yes No
Vianin et al. (2014) Yes No Yes NA

NA, not available.

cerebral areas not related to the target functions, the lingual gyrus,
for example, which governs visual attention (Penadés et al., 2013) and
the superior parietal lobule which is involved in the dorsal stream of
the visual system (Vianin et al., 2014). This hypothesis is backed up
by studies analyzing connectivity, as the strategy method results in
better connectivity across wider networks than training techniques
which remain concentrated around the prefrontal cortex. This result
is coherent with the strategy-based training which is less focused and
involves more cerebral regions than the training method.

It is difficult to compare data on improvements in cognitive func-
tion as several studies did not measure cognitive function after reme-
diation. However, the studies which did include these measurements
show improved performance in verbal memory, short-term memory,
long-term memory, and executive functions, regardless of the type of
remediation used.

The main limitations of this review result from the fact that the
studies analyzed were not designed to be compared. We have contex-
tualized the regions in which the activity was modified by remediation.
Some studies were conducted as regions of interest analyses which
make it difficult to conclude on the extent of the impact of remedia-
tion. It is possible that the training studies produced other activations,
in addition to those recorded. Furthermore, comparing the intensity
of activation is hindered by the fact that some studies did not pres-
ent their results in voxels. The fact that the measurements were not
taken at the same time after remediation may also have affected the
results. Finally, we mainly based our categorization of the studies on
the nonintervention of the investigator. However, it is possible that
even using the training method the investigator interacted with par-
ticipants, recreating the conditions specific to more strategic remedi-
ation approaches. The heterogeneity of the results obtained makes it
difficult to draw comparisons between the two remediation methods.
In order to overcome these difficulties, it would be interesting to set
up a randomized study to compare the two methods with strict control
over the criteria for each method in order to avoid investigator bias
and with the same method for measuring cerebral activity, in order
to compare the regions activated. The evaluations of cerebral activity

should also be performed at the same time interval postremediation.

Previous studies have already reviewed the effects of cognitive
remediation on cerebral activity and linked them with behavioral im-
provements. The present review is the first to investigate the differ-
ent existing remediation methods in order to compare their results
on brain activations. Strategy-based remediation methods are very
different from the training methods, and these two types of remedi-
ation probably have different effects on cerebral activity. This litera-
ture review showed a greater increase in activity obtained using the
training method, but with a wider activation network for the strategy
method. Understanding the cerebral mechanisms underlying the be-
havioral improvements obtained would allow us to optimize patient

management in cognitive remediation (Wykes et al., 2011).
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