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Cognitive rehabilitation for improving i

cognitive functions and reducing the severity
of depressive symptoms in adult patients
with Major Depressive Disorder: a systematic
review and meta-analysis of randomized
controlled clinical trials
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Abstract

Introduction Nearly 40% of patients with Major Depressive Disorder (MDD) have been found to experience cogni-
tive impairment in at least one domain. Cognitive impairment associated with MDD is disproportionately represented
in patients that have not fully returned to psychosocial functioning. As awareness regarding cognitive dysfunction in
MDD patients grows, so does the interest in developing newer treatments that specifically address these deficits.

Method In the present study, we conduct a systematic review of controlled randomized clinical trials that used
cognitive training and remediation interventions for improving cognitive functions and reducing symptom sever-

ity in adult patients with MDD. We selected studies published before March 2022 using search databases including
PubMed, ScienceDirect, Scopus, and Google scholar. For conducting the meta-analysis, standard differences in means
with the random effect model and with a 95% confidence interval of change in outcome measures from baseline to
post-intervention between the cognitive rehabilitation and the control groups were calculated.

Results The database search resulted in identifying 756 studies of interest, which ultimately 15 studies with 410
participants in the cognitive rehabilitation group and 339 participants in the control group were included. The
meta-analysis of the data extracted from these studies, shows a moderate and significant effect on the executive
function (d=0.59 (95% Cl, 0.25 to 0.93) p-value =0.001, 1> = 15.2%), verbal learning (d=0.45 (95% Cl, 0.12 to 0.78)
p-value =0.007, I>=0.00%), and working memory (d=0.41 (95% Cl, 0.18 to 0.64) p-value <0.001, I> = 33%) of MDD
patients. Although, there were no significant difference between intervention and control group in attention (d =0.32
(95% Cl,-0.01 to 0.66) p-value = 0.058, I> = 0.00%) or depressive symptoms.

Conclusion This systematic review and meta-analysis indicate that cognitive rehabilitation is an effective interven-

tion for the executive function, verbal learning, and working memory of MDD patients. Due to the importance of
these neuropsychological deficits in day-to-day life and the core symptoms of MDD, cognitive rehabilitation should
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be considered an important part of treating MDD. Further research in this area and concentrated on these particular

deficits is warranted.

Keywords Cognitive Function, Major Depressive Disorder, Systematic Review, Meta-Analysis, Executive function,

Verbal learning, Working memory

Introduction

MDD is considered a chronic, disabling, and (in most
cases) recurring psychiatric condition [1] which is
characterized by depressed mood, reduced interest and
pleasure in daily activities, weight fluctuation, sleep and
psychomotor distress, fatigue, feelings of worthless-
ness, trouble concentrating, and suicidal ideation [2, 3].

Depression is a major public health concern, with
worldwide estimates indicating that 10.8% of individu-
als suffer from this chronic condition at some point in
their lives [4]. Based upon estimations from the World
Health Organization (WHO), MDD is responsible for
the greatest share of burden linked to non-fatal health
outcomes and accounts for nearly 12% of total years
lived with disability [5].

Cognitive impairment is a common and frequent
symptom of MDD. Nearly 40% of people who have
currently or formerly been diagnosed with depression
have been found to experience cognitive impairment in
at least one domain. Cognitive impairment associated
with MDD is disproportionately represented in patients
that have not fully returned to psychosocial function-
ing [6, 7] and cannot be considered an epiphenomenon
entirely secondary to signs of low mood [8].

Impaired cognitive function in patients with MDD
does not prove to be limited to the acute phase of
depression but persists when MDD has remitted
[9]. Deficits in selective attention, working memory,
long-term memory, verbal and visuospatial memory,
attention, and processing speed, executive function-
ing, and verbal fluency remain persistent in remission
from a depression episode and the level of cognitive
impairment appears to worsen with repeated episodes
[10-14]. These cognitive symptoms seem to have a sig-
nificant impact on patients’ function and quality of life,
interfere with their ability to contribute actively to the
society, by sustaining employment or schooling, and
risk the recurrence of their depression [15, 16].

Little is known about how such deficits arise in MDD.
Current theories indicate that neuroanatomic changes
in MDD patients’ brains might be the cause of observed
deficits [17]. Neuroimaging studies show abnormal
physical changes in the hippocampus, amygdala, cau-
date nucleus, putamen, and frontal cortex [18] and
postmortem studies have shown a reduction in synap-
tic proteins in subgenual and/or glia and neural size,

orbital and dorsolateral prefrontal cortex and amygdala
[19-21].

Many studies indicate the effect of antidepressant
drugs on cognitive impairment symptoms (in MDD
patients) such as processing speed, working memory,
visuospatial skills, sustained attention, etc., to be very
small or statically non-significant [22] and overall, the
data show that most of the standard treatments for
MDD result in improved cognition. Although, the evi-
dence continues to be limited by the small number of
studies on this matter and small sample sizes and can’t
be considered conclusive [23].

Current evidence indicates that cognitive interven-
tions that are generally defined as cognitive remediation,
training, and rehabilitation can show significant, albeit
modest, improvements in cognitive functions such as
attention, problem-solving, and memory across a range
of mental illnesses and have been beneficial to patients
suffering from anxiety disorders, Schizophrenia, ADHD,
etc. [24-27].

Unfortunately, despite the growing recognition of the
clinical importance of cognitive impairment in MDD, a
major lack of consensus regarding clinical monitoring
strategies persists as a barrier to clinicians. As awareness
regarding cognitive dysfunction in MDD grows, so does
the interest in developing newer treatments that specifi-
cally address these deficits [23].

Fortunately, present approach to treatment of psy-
chiatric disorders is not limited to symptom manage-
ment and has a major focus on functional abilities [28].
Hence, therapeutic interventions for improving cognitive
function, including cognitive rehabilitation, have been
growing and trending over past decade [29]. As a result,
various models of cognitive rehabilitation have been
developed and have been widely used for psychiatric dis-
orders, such as MDD. The goal of these interventions was
primarily focused on improving cognitive functions and
then generalized on symptoms severity and daily func-
tioning [30]. Since cognitive rehabilitation interventions
are extensively growing and the research on the effective-
ness of them on psychiatric disorders (other than schizo-
phrenia) are relatively recent [30, 31], review study to
verify this matter seems necessary.

In the present study, we aimed to conduct a systematic
review of research projects that used cognitive training
and remediation interventions for improving cognitive
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functions and reducing symptom severity in adult
patients with MDD. This study is designed to determine
the quality of evidence and the effectiveness of cogni-
tive rehabilitation in the treatment of various cognitive
impairments and also reducing the severity of MDD
symptoms.

Methods

Eligibility

This article follows the guidelines of Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) [32].

Patients participating in studies involved in this sys-
tematic review and meta-analysis had at least 18 years of
age and were clinically-defined current or lifetime history
of MDD, using established criteria such as the Diagnos-
tic and Statistical Manual of Mental Disorders 5™ edition
guidelines (DSM-5). No geriatric research projects were
included in the study.

Eligible studies included patients without any estab-
lished neurodegenerative disease (e.g., dementia, Multi-
ple system atrophy, etc.) or neurological condition (e.g.,
Parkinson’s disease, traumatic brain injury, etc.) in other
words; participants whom their cognitive impairment is
only derived from depression. All articles recruiting par-
ticipants diagnosed with psychiatric illnesses (e.g., Schiz-
ophrenia) or specific neuropsychiatric conditions (e.g.,
stroke) were also excluded. Regarding studies with mixed
diagnostic samples (e.g., patients with MDD and another
group of patients diagnosed with Obsessive Compulsive
Disorder), or mixed samples of preclinical depression
and MDD articles, the research was included in our study
if only the data of the patients with only MDD diagnosis
could be extracted from the reports of the study.

The research projects which evaluate the effect of “cog-
nitive remediation’, “cognitive rehabilitation’, and “cogni-
tive training” were included and researches which assess
effect of any other pharmacological or non-pharmaco-
logical treatment (e.g., Cognitive Behavioral Therapy or
group therapies) were excluded.

Eligible studies included controlled randomized clini-
cal trials involving at least two groups of eligible partici-
pants, with measures in pre- and post-intervention on at
least one of the mood or cognition domains.

Search strategy and study selection

Using search databases including PubMed, ScienceDi-
rect, Scopus, and Google scholar alongside with col-
laborating with an expert research librarian we selected
controlled and randomized (either blinded or not) trials
published before march 2022. The literature search and
study selection procedure and the terms used in our sys-
tematic search are illustrated in Fig. 1.
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Our search and the primary review were conducted by
our librarian. Then the first and second author reviewed
abstracts and full texts. In the case of disagreement, a
third researcher (the corresponding author) made the
decision.

Data analysis

For conducting the meta-analysis, we used Comprehen-
sive Meta-Analysis Software (version 3) [33]. Standard
differences in means with the random effect model and
with a 95% confidence interval of change in outcome
measures from baseline to post-intervention between
the cognitive rehabilitation and the control groups were
calculated.

Symptom severity of MDD and cognitive functions
were included in the analysis as outcome measures.
Standard tests for measuring MDD symptoms and objec-
tive standardized cognitive tests were eligible as the out-
come. Cognitive functions were divided into standard
cognitive domains and each domain used in more than
two studies was included in the analysis.

Definition of weighted mean effect size were: 0.2—-0.49
as small; 0.5-0.79 as medium; and > 0.8 as large [34]. The
chi-square statistic and calculation of I> were used to
evaluate the heterogeneity across studies. I*<40% was
defined as small, 30-60% moderate, 50-90% substantial
and I>>75% as considerable heterogeneity [35]. Moreo-
ver, we applied sensitivity analysis and/or subgroup anal-
ysis in case of clinical heterogeneity.

Publication bias of studies was performed by inspect-
ing funnel plots and we also evaluate the risk of bias in
the studies for six main biases considering the Cochrane
“Risk of bias” tool [36].

Results

Study characteristics

The database search identified 756 studies of interest,
initially of which 182 duplications were discarded from
them. From 574 remaining records, 464 studies were
removed by evaluating the titles and abstracts and from
110 full texts of articles, 15 studies met the inclusion cri-
teria and were eligible for the study (Fig. 2). These studies
contain 410 participants in the cognitive rehabilitation
group and 339 participants in the control group. Nine
studies used cognitive training interventions and six
studies evaluated cognitive remediation. The reported
data and type of evaluation in these 15 studies consisted
of 13 studies that reported MDD symptoms’ severity, five
studies reported attention, five studies reported executive
function, five studies reported verbal learning, and nine
studies reported working memory. The studies’ details
are described in Table 1.
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Patients: Major Depressive Disorder
adults with Major Depressive Disorder Major Depressive Disorders
Disorder, Major Depressive
Disorders, Major Depressive
Unipolar Depression

Depression
MDD
Intervention: Cognitive rehabilitation
cognitive rehabilitation Cognitive remediation

Cognitive training
Computerized cognitive rehabilitation
Computerized cognitive remediation
Computerized cognitive training
CR
CRT
Cognitive Dysfunction / rehabilitation*
Cognitive Remediation / methods
Cognitive Remediation / standards*
Computer-Assisted Instruction
Major Depressive Disorder * /

therapy
Major Depressive Disorder * /
rehabilitation

Comparison: Randomized Controlled Trial [Publication
control group with same disorder Type]
Clinical Trials, Randomized
Trials, Randomized Clinical
Controlled Clinical Trials, Randomized
Randomized Controlled Trials as Topic

RCT
Outcome: Cognitive deficit
improving cognitive deficits and Cognitive Dysfunctions
symptom severity Dysfunction, Cognitive

Cognitive Impairments
Cognitive Impairment
Impairment, Cognitive
Cognitive dysfunction
Cognition
Attention
Processing speed
executive function
Working memory
Verbal memory
Verbal fluency
Visuospatial Memory
Neuropsychological Testing
Testing, Neuropsychological
Tests, Neuropsychological
Cognitive Testing
Testing, Cognitive
Major Depressive Disorder /
diagnosis*
Beck Depression Inventory

Severity of Illness Index
Hamilton depression scale

Ham-D
Fig. 1 The details of the question and the key-words
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ScienceDirect
articles found
(n=100)

Pubmed articles
found
(n=109)

GoogleScholar
articles found
(n=47)

Scopus articles
found
(n=500)

articles retrieved
from search
(n=756)

titles and
abstracts
reviewed

(n=574)

full text
reviewed
(n=110)

articles
included in
Meta-analysis
(n=15)

Fig. 2 The flowchart of studies

MDD symptoms’ severity

Thirteen studies, with 302 patients in the cognitive inter-
vention group and 310 in the control group, evaluated
the severity of MDD symptoms and reported the needed
data. The meta-analysis of these data did not show a sig-
nificant difference between intervention and control
group (d=0.09 (95% CI, -0.06 to 0.25) p-value=0.23,
=0.00%). The forest plot of analyses of MDD symp-
toms’ severity is shown in Fig. 3.

duplicates
removed
(n=182)

excluded
articles
(n=464)

excluded
articles
(n=95)

Cognitive functions

After examining all included studies, we included atten-
tion, executive function, verbal learning, and work-
ing memory in the analyses. The meta-analysis of five
studies that evaluated the attention of 93 patients in
the cognitive intervention group and 72 patients in
the control group showed an I°=62% and therefore
we used the random effect model. The analysis showed
a significant difference between the two groups with
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Study name Statistics for each study Sample size Std diff in means and 95% CI
Std diff Standard Lower Upper Cognitive
in means error Variance limit limit Z-Value p-Value Rehabilitaon Control
0.255 Areann 2016 0.177 0.031 0.091 0602 1.444  0.149 s6 76 —|+—
0.158 Au 2021 0.429 0184 0.683 0998 0368 0713 12 10
-0.048 Ferrari 2021 0.187 0.035 0.414 0317 -025 0795 56 59 +
0.481 Hoorelbeke 2016 0.246 0.061 0.001 0954  1.957  0.050 34 34 —
0.200 Klojcnik 2021 0.448 0201 0.679 1.079  0.446  0.656 10 10
0.437 Lacoviello 2014 0.442 0195 0.420 1304 0.9 0323 1 10
-0.243 Moshier 2015 0.355 0126 0.938 0453 -0.684  0.494 16 16
-0.412 Moshier 2017 0.356 0127 .10 0287 -1155  0.248 21 13
0.372 Semkov ska 2015 0.497 0247 0.602 1.345  0.749 0454 8 7
0.185 Semkov ska 2017 0.438 0192 0.674 1.043  0.421 0.673 1 10
0.189 Trapp 2016 0.296 0087 0.3 0768  0.639 0523 23 23
-0.123 Wanmaker 2014 0.258 0.067 0.629 0382 -0478 0633 34 27 =
-0.279 Wanmaker 2015 0.390 0.152 -1.043 0.485 -0.716 0.474 10 15
0.097 0.081 0007 0.063 0.256 1.188 0.235 <l
-1.00 -0.50 0.00 0.50 1.00
Favours A Favours B
Model Effect size and 95% confidence interval Test of null (2-Tail) Heterogeneity Tau-squared
Number Point  Standard Lower Upper Tau  Standard
Model Studies  estimate  emor  Variance limit limit Z-value  P-value Q-value df(Q) P-value |-squared Squared  Emor  Variance  Tau
Fived 13 0097 0081 0.007 0,063 0256 1188 023% 9570 12 0654 0.000 0.000 0037 0001 0.000
Random 13 0097 0081 0.007 0,063 0256 1188 023%
Fig. 3 The forest plot of analyses of MDD symptoms' severity
Study name Statistics for each study Std diff in means and 95%Cl
Sddiff Sandard Lower
inmeans error  Variance  limit limit Z-Value p-Vaue
Bowie 2013 1878 0.524 0275 0851 2906 3532 0.000
Kojenk 2021 0971 0473 0224 0045 1898 2064 0040 e
Listunova 2020 0314 0.283 0080 -0240 0868 1.112 026 .
Senkovska 2017 0383 0.441 0194 0481 1248 089 038 L
Trapp 2016 0.065 0.295 0087 -0513 0643 0221 0825
0478 0164 0027 015 0799 2%1 008 et
-1.00 -0.50 0.00 0.50 1.00
Favours A Favours B
Model Effect size and 95% confidence interval Test of null (2-Tail) Heterogeneity Tau-squared
Number Point  Standard Lower Upper Tau  Standard
Model Studies  estimate  emor  Variance limit limit Z-value  P-value Q-value df(Q) P-value |-squared Squared  Ewor  Variance  Tau
Fixed 5 0478 0.164 0027 0157 0793 2921 0003 10562 4 002 62128 023% 0278 0077 0485
Random 5 0618 0.280 0078 0070 1.168 221 0027

Fig. 4 The forest plot of analyses of the attention

a moderate effect size (d=0.61 (95% CI 0.07 to 1.16)
p-value =0.02). The forest plot of analyses of the atten-
tion is shown in Fig. 4 and the funnel plot of the analy-
ses is shown in Fig. 5.

As it is evident in the plots, sensitivity analysis
(remove-one analysis) showed that Bowie et al. study
has the outlier data. The meta-analysis without this
study did not show a significant difference between
intervention and control group (d=0.32 (95% CI, -0.01

to 0.66) p-value =0.058, I*=0.00%). The forest plot of
this analysis is shown in Fig. 6.

Five studies evaluated the executive function of 99
patients in the cognitive intervention group and 78
patients in the control group. The meta-analysis of these
data showed a significant difference between the two
groups with a moderate effect (d=0.59 (95% CI, 0.25 to
0.93) p-value=0.001, I*=15.2%). The forest plot of anal-
yses of the executive function is shown in Fig. 7.
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Fig. 5 The funnel plot of analyses of the attention

Five studies evaluated the verbal learning of 101
patients in the cognitive intervention group and 87
patients in the control group. The meta-analysis of these
data showed an I>=83% and therefore we used the ran-
dom effect model. The analysis showed a significant dif-
ference between the two groups with a large effect size
(d=0.94 (95% CI 0.15 to 1.73) p-value=0.01). The forest
plot of analyses of the verbal learning is shown in Fig. 8
and the funnel plot of the analyses is shown in Fig. 9.

As it is shown in the plots and sensitivity analysis
(remove-one analysis) Bowie et al. study has the out-
lier data. The meta-analysis without this study showed a
significant difference between intervention and control
group (d=0.45 (95% CI, 0.12 to 0.78) p-value=0.007,
=0.00%). The forest plot of this analysis is shown in
Fig. 10.

Nine studies evaluated the working memory of 264
patients in the cognitive intervention group and 241
patients in the control group. The meta-analysis of these
data showed a significant difference between the two
groups (d=0.41 (95% CI, 0.18 to 0.64) p-value<0.001,
1=33%). The forest plot of analyses of the working
memory is shown in Fig. 11.

Subgroup analysis

We performed a sub-group analysis on the sever-
ity of MDD symptoms to determine the effect of the
model of intervention (cognitive training and cognitive
remediation).

The sub-group analysis of severity of MDD symptoms
did not show a significant difference between the cogni-
tive intervention and the control group in four studies
that evaluated the cognitive remediation (d=0.21 (95%
CI, -0.16 to 0.6) p-value =0.26, I>=0.00%), and 11 studies
that evaluated the cognitive training (d=0.06 (95% CI,
-0.12 to 0.25) p-value=0.5, I>=11%).

Risk of bias

The evaluation of the risk of bias in the studies for six
main biases showed that the quality of all the studies was
relatively high. The result of the assessment of the main
biases of the studies is shown in Fig. 12.

Discussion

We conducted this systematic review and meta-analysis
to evaluate whether cognitive rehabilitation is effec-
tive in terms of symptom severity and cognition in adult
patients with MDD.

In summary, our study indicates that cognitive reha-
bilitation is an effective intervention for the executive
function, verbal learning, and working memory of MDD
patients. However, current cognitive rehabilitation ther-
apies are not effective for improving attention, and in
reducing the severity of symptoms of MDD patients.

A systematic search strategy revealed a noticeably
larger number of studies on this matter, although 15 arti-
cles were standard randomized clinical trials with a con-
trol group and on adult patients with clinical criteria of
MDD. The exclusion of a large number of studies with
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Study name Statistics for each study Sample size Std diff in means and 95% CI
Std diff  Standard Lower Upper cognitive
in means error  Variance limit limit Z-Value p-Value rehabilitation control

Kacnk 2021 097 0473 024 0045 188 204 0040 10 10

Listunova 2020 0314 0283 000 0240 088 112 026 3 19 .

Semkovska 2017 0383 0441 0194 0481 1248 08® 0385 1 10 L

Trapp 2016 0066 025 0087 0513 06483 0221 085 23 23

037 0172 000 0011 06% 1897 0058
-1.00 -0.50 0.00 0.50 1.00
Favours A Favours B
Model Effect size and 95% confidence interval Test of null (2-Tail) Heterogeneity Tau-squared
Number Point  Standard Lower  Upper Tau  Standard

Model Studies  estimate  emor  Variance  limit limit Z-value  P-value Q-value df(Q) P-value I-squared Squared Emor  Variance  Tau
Fied 4 0327 0172 0030  00m 0665 1.897 0058 2663 3 0447 0.000 0.000 0104 001 0.000
Random 4 0327 0172 0030  00n 0,665 1.897 0058
Fig. 6 The forest plot of analyses of the attention after sensitivity analysis

Study name Statistics for each study Sample size Std diffin means and 95% Cl

Stddiff  Standard Lower Upper cognitive
in means error  Variance limit limit Z-Value p-Value rehabilitation contral

Bovie 2013 0.688 0.358 0128 -0.015 1.391 1919 0.055 17 16 a—

Klojmik 2021 1.09 0.480 0230 0158 2.039 229 0.022 10 10

Listunova 2020 0249 0.282 0.079 -0.303 0.802 0884 0.377 38 19 .

Semkov ska 2017 1198 0.474 025 0269 2128 2526 0.012 1 10

Trapp 2016 0.3% 0.298 0089 -0.189 0978 134 0.186 3 23 .

0570 0157 0025 0261 0878 362 0000 et
-1.00 -0.50 0.00 0.50 1.00
Favours A Favours B
Model Effect size and 95% confidence interval Test of null (2-Tail) Heterogeneity Tau-squared
Number Point  Standard Lower  Upper Tau  Standard

Model Studies  estimate  emor  Variance limit limit 2Z-value  P-value Q-value df(Q) P-value |-squared Squared  Emor  Variance  Tau
Fced 5 0570 0157 0025 0261 0878 362 0.000 472 4 0317 15218 0023 0108 0012 0153
Random 5 0591 0174 0030 0251 0931 3406 0,001

Fig. 7 The forest plot of analyses of the executive function

subclinical depressed patients has shown that cognitive
rehabilitation is not at the center of attention for treat-
ing clinically diagnosed MDD, even though cognitive
impairment associated with MDD is disproportionately
represented in patients that have not fully returned to
psychosocial functioning [6, 7]and cannot be considered
an epiphenomenon entirely secondary to signs of low
mood [8].

Based on the findings of this review, current cogni-
tive rehabilitation therapies are not effective in reducing
the severity of symptoms of MDD patients. This finding

is not different between cognitive training and cognitive
remediation therapies. Our finding is not consistent with
the latest meta-analysis conducted on cognitive reme-
diation and cognitive training in MDD patients. Woolf
et al. [52] performed a meta-analysis of cognitive train-
ing in adults with MDD and reported a moderate and
statistically significant effect on the severity of depres-
sive symptoms. This difference can be due to includ-
ing non-randomized control trials, a smaller number of
studies (up to 2016) and larger heterogeneity (I*=40.6%)
in Woolf et al. study. Legemaat et al. [9] conducted a
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Study name Statistics for each study Sample size Std diff in means and 95% CI
Std diff  Standard Lower Upper cognitive
inmeans error  Variance limit  limit Z-Value p-Value rehabiliation contro
Au201 0450 0373 0120 0281 1181 1.28 028 12 19 .
Bowe 2013 2%®7 0506 02% 194 39 5.807 0.000 17 16
Listunova 2020 0236 0282 0079 0317 078 0.83%7 0403 ] 19 .
Serrkovska 2017 088 0457 0200 007 1764 1.900 0057 1 10 -
Trap 2016 0520 0200 000 008 1108 1.7% 0083 23 23
0702 0159 0025 00 1014 4417 0.000
-1.00 0.50 0.00 0.50 1.00
Favours A Favours B
Model Effect size and 95% confidence interval Test of null (2-Tail) Heterogeneity Tau-squared
Number Point  Standard Lower  Upper Tau  Standard
Model Studies  estimate  emor  Variance limit limit Z-value  P-value Q-value df (@) P-value |-squared Squared  Emor  Variance  Tau
Foeed 5 0702 0158 0025 0330 1.014 4417 0.000 24043 4 0000 83363 0,664 0592 0.351 0815
Random 5 0944 0403 0163 0154 173% 2342 0019

Fig. 8 The forest plot of analyses of the verbal learning

meta-analysis on cognitive remediation in MDD patients
and reported a small and statistically significant effect on
the severity of depressive symptoms. The inconsistency
of our findings can be due to including geriatric patients,
non-randomized clinical trials, and larger heterogeneity
(I>=40%) in the study of Legamaat et al.

The findings of our study did not show a significant
effect of cognitive rehabilitation on the attention of
adults with MDD. We performed the random effect

0.0

model analysis because of ?’=62% and reached a sig-
nificant difference between the two groups with a mod-
erate effect size. Despite that, due to the asymmetry of
one study in the funnel plot and the results of sensitiv-
ity analysis (remove-one analysis), we excluded one study
with outlier data. The analyses without this study showed
no significant differences. Our findings are not consistent
with recent meta-analysis on this matter even though, no
systematic review has been conducted on both cognitive

0.1

0.2 -

0.3

0.4

Standard Error

0.5

0.6

3 2 A

0 1 2 3

Std diff in means

Fig. 9 The funnel plot of analyses of the verbal learning
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Study name Statistics for each study Sample size Std diff in means and 95% CI
Std diff  Standard Lower Upper cognitive
in means error  Variance limit  limit Z-Value p-Value rehabilitation control
Au201 0450 0373 01® 0281 1181 1206 028 12 19 -
Listunova 2020 02% ox 009 03177 078 087 0403 B 19 .
Semkovska 2017 0868 0457 029 007 174 190 0057 1" 10 L
Trapp 2016 0520 0300 000 0068 1108 17% 0083 3 3
0432 0167 008 014 070 272 0007
-1.00 0.50 0.00 0.50 1.00
Favours A Favours B
Model Effect size and 95% confidence interval Test of null (2-Tail) Heterogeneity Tau-squared
Number Point  Standard Lower  Upper Tau  Standard
Model Studies  estimate  emor  Variance limit limit Z-value  P-value Q-value df(Q) P-value |-squared Squared  Emor  Variance  Tau
Fixed 4 0452 0167 0028 0124 0780 2702 0007 1470 3 0683 0.000 0.000 00% 0008 0.000
Random 4 0452 0167 0028 0124 0780 2702 0.007
Fig. 10 The forest plot of analyses of the verbal learning after sensitivity analysis
Study name Statistics for each study Sample size Std diffin means and 95% Cl
Stddiff Standard Lower Upper cogritive
in means error  Variance limit limit Z-Value p-Value rehabilitation contra
Ferar 2021 0000 018 008 0371 0371 0000 1000 5 58 —_——
Hoorelbeke 2016 0.861 0.2%4 0064 0364 1.358 3.3% 0.001 k2 # —
Kojenik 2021 0259 0.449 0202 -0621 1139 0577 0.564 10 10
Lacov iello 2014 0476 0432 0187 -0371 134 1.101 0.271 1" 1"
Listunova 2020 0117 0.281 0079 -0434 0.668 0415 0.678 K 19 &
Semkov ska 2017 0645 0.448 0201 -023 1523 1439 0.150 1 10
Trapp 2016 0480 0.299 0089 -0.106 1.066 1605 0.108 3 23 &
Wanmaker 2014 0835 0.269 0072 0309 1.362 3109 0.002 k2 27 —t+—
Wanmaker 2015 0329 0.203 0.041 -0070 0.727 1616 0.106 49 49 .
0.388 0.091 0008 0209 056 4260 0.000 ‘
-1.00 -0.50 0.00 0.50 1.00
Favours A Favours B
Model Effect size and 95% confidence interval Test of null (2-Tail) Heterogeneity Tau-squared
Number Point  Standard Lower Upper Tau  Standard
Model Studies  estimate  emor  Variance limit limit Z-value  P-value Q-value df(Q) P-value I-squared Squared  Emor  Variance  Tau
Fixed 9 0388 0.091 0.008 0209 0.566 4260 0.000 12024 8 0150 33466 0.033 0.060 0.004 0198
Random 9 0416 017 0014 0187 0644 3560 0.000

Fig. 11 The forest plot of analyses of the working memory

training and cognitive remediation in adults with MDD.
The study of Legamaat et al. in 2021 showed a small
and significant effect of cognitive remediation in MDD
patients. This inconsistency can be due to aforemen-
tioned differences between our study and Legammat’s.
We found a moderate and significant effect on the
executive function, verbal learning, and working
memory of patients with MDD. All of the studies that
evaluated executive function and were included in our
analysis have used cognitive remediation techniques.

Despite this fact, our findings were consistent with
Woolf et al. (that evaluated cognitive training), and not
similar to Legammat et al. (that evaluated cognitive
remediation) which can be because of the differences
mentioned before. The studies included in our analysis
of verbal learning and working memory were from both
cognitive remediation and cognitive training methods.
Our findings in this matter are with less heterogene-
ity but are consistent with the study of Legammat et al.
(12 =64%).
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Unique ID
Bowie 2013

lacoviello 2014
Moshier 2015
Semkovska 2015
Wanmaker 2015
Hoorelbeke 2016
Trapp 2016
Moshier 2017
Semkovska 2017
Hagen 2020
Listunova 2020
Au 2021

Ferrari 2021

00000000000000:
00000000000000:
0000000000-000:
00000000000000:
00000000000000-

Klojénik 2021

Fig. 12 The assessment of the main biases of the studies

The importance and magnitude of deficit in executive
function among MDD patients has been shown in differ-
ent studies. Multiple studies have shown that executive
dysfunction is strongly associated with some well-known
aspects of MDD characteristics such as deficits in emo-
tion regulation [53], attentional bias for negative stim-
uli [54], and rumination [55, 56] and can even give rise
to other cognitive dysfunctions such as attention and
problem-solving impairments [57]. Furthermore, execu-
tive function impairment remains among individuals
with MDD even in remission and in euthymic phase [8,
58, 59]. The cognitive deficits in executive function and
memory domains have been shown to be associated with
occupational, social and global functioning and quality of
life of patients with MDD [60]. Moreover, executive func-
tion, verbal learning and memory have been shown to be
treatment outcome predictors in MDD [61] and a recent
study indicated that executive dysfunction can be risk
factor for suicide attempt and suicide preventive inter-
ventions should concentrate on executive function reha-
bilitation [62]. Considering all these significant aspects of
verbal learning, memory and particularly executive func-
tion in adults with MDD and the significant effect of cog-
nitive rehabilitation on these domains, clinical focus on
cognitive rehabilitation is warranted.

Even though included studies used different methods
of cognitive remediation and cognitive training for MDD
patients, some similar and related methods are worth
mentioning:

Five of the included studies (more than half of the stud-
ies that used cognitive training interventions) evaluated
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the Cognitive Control Training’s (CCT) effect on cog-
nitive functions and symptom severity of patients with
MDD. It has been shown that cognitive control impair-
ment and emotion regulation deficits have a role in
depression vulnerability and it has been suggested that
improving cognitive control can be beneficial for treat-
ment outcome of MDD patients [63, 64]. CCT is a modi-
fied trainings focuses on working memory to improve
cognitive control [65]. CCT contains different tasks in
this matter which the most frequently used tasks are
the adaptive Paced Auditory Serial Addition Task (aPA-
SAT), and the sustained attention training [65]. The sug-
gested mechanism of effect of these tasks is an increase
in activity of the dorsolateral prefrontal cortex (DLPFC),
which is known to be under-activated in depression [66,
67]. Three of the included studies that used CCT, only
evaluated the symptoms severity of patients and two of
them assessed both symptom severity and the working
memory of participants. Based on the findings of our
study, similar to other cognitive rehabilitation interven-
tions, CCT has a beneficial effect on working memory of
MDD patients but it is not effective for MDD’s symptoms
severity (d=0.02 (95% CI, -0.28 to 0.33) p-value=0.87,
12=30%)).

All of the included studies that evaluated cognitive
remediation therapies, used computer-based models.
Two of these studies used a training program named
CogniPlus® which focuses on divided and selective atten-
tion, working memory, planning, response inhibition and
alertness with a personalized task difficulty. Another two
researches used a computerized intervention package
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named RehaCom as a neurocognitive remediation ther-
apy. This software has been assessed and used on patients
with schizophrenia [68] and neurological problems [69].
In the depression model, RehaCom focuses on divided
attention, figural memory, verbal memory, and planning
(plan a day and shopping [47, 48]). The suggested effect
mechanism of both these computer-based models is
mobilizing brain neuroplasticity and improving the syn-
aptic communication between neurons by simulating the
environmental change and learning new skills by repeti-
tive practices [42, 47, 48, 70]. This mechanism can be a
possible rational for improvement of the cognitive func-
tions of MDD patients but it was not effective on their
symptom severity.

The evaluation of included studies showed relatively
high quality. As we included only randomized and con-
trolled trials, there are no biases in these areas and the
majority of studies were conducted concealed and
blinded. Considering the moderate effect size and low
risk of bias of almost all of the studies, these results can
be reliable and conclusive.

Even though the number of included studies and their
quality were satisfactory, there are some limitations in
this study that is notable to mention. Only three studies
evaluated a follow-up measure. However, the duration of
follow-up was not similar (one month, three month and
one year) and hence not suitable for analysis. This mat-
ter is important for many reasons. Besides the obvious
value of evaluating the persistency of the effect of cogni-
tive rehabilitation through time, the follow-up measure
can be helpful to distinguish different factors of the treat-
ment effect. For example, the mood improvement that is
reported by many of the studies can be due to the feel of
self-efficacy and self-confidence generated by involving
in cognitive rehabilitation interventions and passing the
structures and levels of cognitive tasks and consequently
it will not show in follow-up measurements.

Another important matter and limitation of our study
is that we couldn’t analyze the effect of MDD severity and
many of included studies did not provide the history of
MDD treatments and duration of participants’ diagno-
sis and our analysis is not homogenous on this matter. It
can be an important factor since the effect of interven-
tions can be inconsistent in different levels of severity
and state of treatment. For example, it is possible that
severely depressed patients or individuals in first stages
of antidepressant treatment cannot fully engage in cogni-
tive demanding tasks or the helplessness of chronic and
treatment resistant patients can affect the results.

Mentioned factors should be considered in future stud-
ies. Additionally, further research should focus on executive
function, verbal learning and working memory to provide
further evidence and be of service to clinical practice.
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Conclusion

This systematic review and meta-analysis indicate that
cognitive rehabilitation is an effective intervention for the
executive function, verbal learning, and working memory
of MDD patients. Due to the importance of these neu-
ropsychological deficits in day-to-day life and the core
symptoms of MDD, cognitive rehabilitation should be
considered an important part of treating MDD. Further
research in this area and concentrated on these particular
deficits is warranted.
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