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Abstract

Background. Preliminary evidence suggests beneficial effects of cognitive remediation in
depression. An update of the current evidence is needed. The aim was to systematically assess
the effectiveness of cognitive remediation in depression on three outcomes.
Methods. The meta-analysis was pre-registered on PROSPERO (CRD42019124316). PubMed,
PsycINFO, Embase and Cochrane Library were searched on 2 February 2019 and 8 November
2020 for peer-reviewed published articles. We included randomized and non-randomized
clinical trials comparing cognitive remediation to control conditions in adults with primary
depression. Random-effects models were used to calculate Hedges’ g, and moderators were
assessed using mixed-effects subgroup analyses and meta-regression. Main outcome categor-
ies were post-treatment depressive symptomatology (DS), cognitive functioning (CF) and
daily functioning (DF).
Results. We identified 5221 records and included 21 studies reporting on 24 comparisons,
with 438 depressed patients receiving cognitive remediation and 540 patients in a control con-
dition. We found a small effect on DS (g = 0.28, 95% CI 0.09–0.46, I2 40%), a medium effect
on CF (g = 0.60, 95% CI 0.37–0.83, I2 44%) and a small effect on DF (g = 0.22, 95% CI 0.06–
0.39, I2 3%). There were no significant effects at follow-up. Confounding bias analyses indi-
cated possible overestimation of the DS and DF effects in the original studies.
Conclusions. Cognitive remediation in depression improves CF in the short term. The effects
on DS and DF may have been overestimated. Baseline depressive symptom severity should be
considered when administering cognitive remediation.

Introduction

Major depressive disorder (MDD) is the most common mental health disorder (Moffitt et al.,
2010). It is associated with reduced daily functioning (DF) (Adler et al., 2006; de Jonge et al.,
2018; Moffitt et al., 2010; ten Doesschate, Bockting, Koeter, & Schene, 2010) and
impaired cognitive functioning (CF) (Ahern & Semkovska, 2017; Keyes, Platt, Kaufman, &
McLaughlin, 2017; Rock, Roiser, Riedel, & Blackwell, 2014; Semkovska et al., 2019).
Notably, impaired CF is not limited to the acute phase of MDD but persists when MDD
has remitted, while the level of CF impairment appears to worsen with repeated episodes
(Semkovska et al., 2019). Further, impaired CF associated with MDD has been found to pre-
dict the level of DF, independently of mood symptoms (Jaeger, Berns, Uzelac, &
Davis-Conway, 2006; McIntyre et al., 2013). Moreover, impaired CF is believed to be an
important factor in the maintenance of a vicious cycle of depressive symptomatology (DS),
reduced DF and MDD recurrence (Ahern, Bockting, & Semkovska, 2019; Jaeger et al., 2006;
Majer et al., 2004). Thus, addressing CF might improve outcomes (Ahern et al., 2019). A
promising method in the treatment of MDD and elevated depressive symptoms, which indeed
addresses CF, is cognitive remediation (Cella et al., 2020; Motter et al., 2016). This involves
drill-and-practice exercises and/or cognitive strategy training. Cognitive remediation aims to
improve CF by means of enhancing neuroplasticity (Robertson & Murre, 1999), or to compen-
sate for impaired CF in daily life (Twamley, Vella, Burton, Heaton, & Jeste, 2012). Therapy
delivery format is variable, and includes computerized (e.g. online training) and non-
computerized (e.g. offline work with a therapist), and individual and group formats.

https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0033291721001100
Downloaded from https://www.cambridge.org/core. University of Groningen, on 13 Jun 2021 at 09:40:33, subject to the Cambridge Core terms of use, available at



A first meta-analysis on the effectiveness of (computerized)
cognitive remediation in MDD (N = 9; n = 539) suggests that it
improves DS and CF as well as DF (Motter et al., 2016).
However, as the authors acknowledge, the small number of
studies and patients included limited their meta-analysis. Given
the increasing number of studies (Semkovska, Lambe, Lonargáin,
& McLoughlin, 2015; Trapp, Engel, Hajak, Lautenbacher, &
Gallhofer, 2016), an updated meta-analysis is warranted. Further,
the previous meta-analysis (Motter et al., 2016) could not examine
the effect of therapy delivery format, clinical patient characteristics
or effects at follow-up. In addition, they did not perform a sensitiv-
ity analysis excluding non-randomized studies, or any assessment
of risk of bias or certainty, besides risk of publication bias.

The current meta-analysis therefore aimed to update and
expand on the previous meta-analysis (Motter et al., 2016) in
order to evaluate the effectiveness of cognitive remediation in
depression. We primarily aimed to investigate the effects on DS,
CF and DF (e.g. work, social functioning, quality of life).
Secondarily, the aim was to conduct subgroup- and moderator ana-
lyses to assess the influence of therapy delivery format (computer-
ized v. non-computerized, group v. individual); patients’ clinical
status (current v. remitted depression); control group [placebo v.
waitlist/treatment as usual (TAU) control group]; baseline depres-
sive symptom severity; and diagnosis (clinical MDD v. no formal
clinical diagnosis, i.e. depression based on elevated depressive
symptoms). We assessed effects at follow-up as well.

Methods

Search strategy and selection criteria

We conducted a meta-analysis in accordance with PRISMA guide-
lines and its protocol was prospectively registered on PROSPERO
(CRD42019124316). Databases PubMed, PsycINFO, Embase and
Cochrane Library were searched for relevant studies published
from their origin through 2 February 2019. The search was updated
on 8 November 2020. The search strategy included key words and
MeSH terms related to cognitive remediation and depression
(Appendix II). References and citations of included studies, relevant
reviews and meta-analyses were searched for additional studies.

To be included, studies needed to be a randomized or non-
randomized clinical trial, testing the effectiveness of cognitive
remediation, as compared to a non-cognitive remediation control
group (e.g. placebo, waitlist, TAU), in current or remitted patients
with primary depression, aged ⩾18 years and reporting sufficient
statistics to calculate effect sizes. For example, antidepressant
medication and cognitive behavioural therapy were considered
TAU. Depression was operationalized as an MDD diagnosis con-
firmed by a clinician, clinical interview or elevated symptoms/dis-
order based on any instrument aimed at assessing MDD. We
utilized tolerant diagnostic criteria in order to remain inclusive
and to include studies with a relatively broad range of baseline
depressive symptom severity. The rationale for this was to pro-
mote the generalizability of the results, and to enable exploring
the effect of baseline depressive symptom severity. Statistics
were considered sufficient if post-cognitive remediation summary
means (M) and standard deviations (S.D.) on either DS, CF or DF
were reported. In case of mixed samples (e.g. schizophrenia, bipo-
lar disorder, MDD), we required statistics for the depression sub-
sample. There were no limitations with regard to publication year;
we aimed to include all relevant peer-reviewed studies published
to this date. Exclusion criteria were coexisting psychotic disorders,

brain injuries, other neurological disorders, recent/consecutive
electroconvulsive therapy and any form of transcranial stimula-
tion as this might affect cognitive remediation results (Jahshan,
Rassovsky, & Green, 2017). Papers written in English, French
and Dutch language were included.

After removing duplicates, two authors (AML and MB) inde-
pendently screened titles and abstracts and selected studies with
potential for inclusion. Selected studies were reviewed independ-
ently full-text (AML, MS and MB). Any disagreements were
resolved through consensus (AML, MS and MB).

Data-analysis

Extracted data for the cognitive remediation and control condi-
tions were: number, gender and age of patients; diagnostic instru-
ments and criteria for depression; current/remitted depression;
intervention characteristics; instruments to assess DS, CF and
DF; M and S.D. of DS, CF and DF measures post-intervention
and at follow-up; DS measures at baseline; time from end of treat-
ment to post-intervention and follow-up assessments; data on
quality, including randomization. In case of multiple comparisons
within the same study, all relevant comparisons were included in
the meta-analysis. In order to justify the weight of the respective
comparisons by the true number of participants, participants (n)
included in both comparisons were equally divided across the
comparisons (i.e. two cognitive remediation samples were each
compared to half of the same control sample, and vice versa
when two relevant control samples were included, they were
each compared to half of the same cognitive remediation sample)
(Higgins et al., 2020). In case of data overlap, only the most recent
study was included to ensure statistical independence.

Outcome measures were divided into three main outcome cat-
egories: DS, CF and DF. Measures of cognitive domains by means
of objective standardized cognitive tests were considered CF out-
comes. Measures of aspects of (satisfaction with) functioning in
daily live, e.g. quality of life, administration tasks and social inter-
actions, were categorized as DF outcomes. CF outcomes were fur-
ther divided into standardized cognitive domains, namely
Attention; Processing speed; Motor speed; Working memory;
Verbal learning and memory; Visual learning and memory;
Executive functioning; Verbal fluency; Global/intellectual function-
ing (Lezak, Howieson, Bigler, & Tranel, 2012). DF outcomes were
divided into subjective and objective. Subjective DF was operatio-
nalized as self-reported DF, e.g. a questionnaire on quality of life
filled in by a patient. Objective DF was operationalized as clinician-
rated DF, e.g. results on an advanced finances task rated by a
clinician.

Categories were defined by authors AML and MS. Data were
extracted and categorized by AML. Data extractions and categor-
izations were cross-checked by MS and MB. If any relevant infor-
mation was found to be missing, the corresponding authors of the
respective articles were contacted to request the information and
reminded twice.

AML rated the risk of bias and MB cross-checked the ratings
using the Cochrane Risk of Bias tool, as recommended by the
GRADE system (Guyatt et al., 2011). For each study, seven criteria
were scored as low risk of bias (0 points), unclear risk of bias (1
point) or high risk of bias (2 points). A study was rated to have
low risk of bias (total points <6) or high risk of bias (total points
>6). We assessed the overall certainty of evidence for the three
main outcome categories using the GRADE framework.
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We used Comprehensive Meta-Analysis Software (version 3)
(Borenstein, Hedges, Higgins, & Rothstein, 2013) to calculate
effect sizes (Hedges’ g) based on means and standard deviations,
and number of patients in both conditions at the first post-
intervention assessment (cognitive remediation compared to con-
trol). For follow-up analyses, we used the first follow-up time-
point (i.e. any additional assessment after the first post-
intervention assessment) as a starting point to assess effects at
follow-up. We similarly calculated effect sizes based on means,
standard deviations and number of patients in both conditions.
For the analyses on DS, CF and DF, the mean of the effect sizes
per study on DS, CF or DF outcomes, respectively, was used.
For the analyses on CF domains and DF sub-categories, the
mean of the effect sizes per study per domain/sub-category was
used. For each outcome, a positive effect size indicated greater
improvement in the cognitive remediation condition compared
to the control condition. Effect sizes were weighted by their
inverse variance in order to give more weight to studies with lar-
ger sample sizes. To determine statistical significance, two-sided
95% confidence intervals were used. Weighted, mean effect sizes
of 0.2–0.49 were considered small; 0.5–0.79 medium; and >0.8
large (Cohen, 1988). The I2 index was used to quantify heterogen-
eity. Percentages of <40% were considered small; 30–60% moder-
ate; 50–90% substantial; and 75–100% considerable heterogeneity
(Higgins et al., 2020). We used a random-effects model, and
mixed (random within and fixed across subgroups) effects model
for categorical subgroup analyses, because of the a priori assump-
tion that there would be substantial variability between the
included studies (Borenstein, Hedges, Higgins, & Rothstein, 2009).

To assess the moderating effect of baseline depressive
symptom severity, Montgomery-Asberg Depression Rating Scale
(Montgomery & Åsberg, 1979) or Beck Depression Inventory-II
(Beck, Steer, & Brown, 1996) scores were transformed to
Hamilton Depression Rating Scale (HDRS-17) (Hamilton, 1967)
scores (Heo, Murphy, & Meyers, 2007; Vittengl, Clark, Kraft, &
Jarrett, 2005). Mean HDRS-17 <8 was considered minimal;
HDRS-17 8–15 moderate; and HDRS-17 >15 severe symptoms.
Subgroup analyses were performed by clustering studies into con-
trasting subgroups. To ensure adequate power, a minimum of
three studies per subgroup was required. Continuous moderators
were analysed by simple meta-regression. Meta-regression ana-
lyses were not performed if the number of studies was <10.

Publication bias for the three main outcome categories was
assessed by inspecting funnel plots and using Egger’s test for their
symmetry, and Duval and Tweedie’s trim and fill procedure.
Sensitivity analyses for the effect on DS, CF and DF were performed
excluding outliers defined as individual studies showing an effect
size with a 95% confidence interval that did not show any overlap
with the 95% confidence interval of the overall, i.e. pooled, effect
(Harrer, Cuijpers, Furukawa, & Ebert, 2019); studies with high risk
of bias; insufficient sequence generation; small number of patients
(n in either one of the conditions <5); large number of days from
end of treatment to post-intervention assessment (>14 days); and
studies with participants without a formal clinical MDD diagnosis.

Results

Study characteristics

We identified 5221 records, and included 21 studies with 438
patients allocated to a cognitive remediation condition and 540
patients allocated to a control condition (Alvarez, Cortés Sotres,

León, Estrella, & Sánchez Sosa, 2008; Anguera, Gunning, &
Areán, 2017; Bowie et al., 2013; Elgamal, McKinnon,
Ramakrishnan, Joffe, & MacQueen, 2007; Hoorelbeke & Koster,
2017; Hoorelbeke, van den Bergh, de Raedt, Wichers, & Koster,
2021; Listunova et al., 2020; Morimoto et al., 2014, 2020;
Moshier, Molokotos, Stein, & Otto, 2015; Moshier & Otto,
2017; Naismith et al., 2011; Owens, Koster, & Derakshan, 2013;
Pratap et al., 2018; Semkovska & Ahern, 2017; Semkovska et al.,
2015; Trapp et al., 2016; Twamley et al., 2019; Wanmaker,
Geraerts, & Franken, 2015; Wanmaker, Hopstaken, Asselbergs,
Geraerts, & Franken, 2014; Yamaguchi et al., 2017) (Fig. 1).

The total number of comparisons was 24.†1 Three studies had
high risk of bias (Elgamal et al., 2007; Morimoto et al., 2014;
Owens et al., 2013) (Appendix I – eTable 1). Results on relevant
outcomes were categorized into DS, CF and DF categories and
sub-categories (Appendix I – eTable 2). Twenty-one comparisons
included DS, 19 included CF and 12 included DF outcomes (see
Table 1 for further study details).

Main effects on depressive symptomatology, cognitive and
daily functioning

The direction of the effect was favourable and significant for all
three outcome categories. There was a small significant effect on
DS (g = 0.28; 95% CI 0.09–0.46), a medium significant effect
on CF (g = 0.60; 95% CI 0.37–0.83) and a small significant effect
on DF (g = 0.22; 95% CI 0.06–0.39). Heterogeneity was moderate
for both DS (I2 = 40%) and CF (I2 = 44%), and small for DF
(I2 = 3%) (see Table 2 and Fig. 2).

Subgroup analyses

With regard to therapy delivery format, only one study had a full
non-computerized format, and only one other study had a full
group format. As we required a minimum of three studies per
subgroup, we did not perform subgroup analyses based on ther-
apy format. Only two studies included patients with minimal
depressive symptom severity at baseline; thus, only subgroups of
moderate and severe baseline depressive symptom severity were
analysed. There were not enough studies to perform subgroup
analyses based on diagnosis for the effects on CF and DF.

Depressive symptomatology
Subgroup analyses showed that there was a significantly larger
effect on DS in patients with severe baseline
depressive symptoms compared to patients with moderate base-
line depressive symptoms: there was no significant effect on DS
in patients with moderate baseline symptoms, while in those
with severe baseline symptoms, there was a small significant effect
(g = 0.48). With regard to the effect on DS, difference in effect size
between other subgroups did not reach statistical significance
(Table 2).

Cognitive functioning
Significant effects for CF domains were: small for Attention (g =
0.36), Processing speed (g = 0.26) and Verbal learning and memory
(g = 0.47); and medium for Working memory (g = 0.54) (Table 2).
There were insufficient studies reporting outcomes on Motor speed
(N = 1) and Global/intellectual functioning (N = 2) to meta-analyse

†The notes appear after the main text.
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these effects. There were no significant effects on Visual learning
and memory; Executive functioning; or Verbal fluency. Subgroup
analyses revealed that the effect on CF was significantly larger in
comparison to placebo control groups (large significant effect,
g = 0.84), than in comparison to Waitlist/TAU control groups
(small significant effect, g = 0.39). There were no significant differ-
ences in effect size for CF between other subgroups.

Daily functioning
There was a small significant effect on subjective DF (g = 0.22)
and no significant effect on objective DF (Table 2). Subgroup ana-
lyses revealed no significant differences in effect sizes for DF
between subgroups.

Meta-regression analyses

We performed simple meta-regression analyses on the moderat-
ing effects of baseline depressive symptom severity (mean
HDRS-17 scores) and post-hoc on age (mean age), gender

(percentage female) and cognitive remediation duration (in min-
utes). There were no significant effects.2

Effects at follow-up

As a number of studies provided outcomes at follow-up (i.e. any
additional assessment after the first post-intervention assessment,
ranging from 1 to 3 months after the first post-intervention assess-
ment), we opted to perform post-hoc analyses on the effects of cog-
nitive remediation v. control on DS, CF and DF at follow-up. We
took the first follow-up time-point. There were no significant
effects of cognitive remediation compared to control at follow-up.3

As we found no significant durable effects at the first follow-up
time point, we did not further analyse effects at follow-up.

Publication bias and certainty of the evidence

Inspection of the funnel plots and Egger’s test did not indicate
publication bias for DS ( p = 0.67), CF ( p = 0.40) or DF ( p =
0.48). Duval and Tweedie’s trim and fill procedure under the

Fig. 1. PRISMA flow diagram.
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Table 1. Study characteristics

Study

Diagnostic
instruments
and criteria

HDRS-17
baseline M
(severity)

Cognitive remediation condition Control condition

Outcome measuresn

Mean
age
(S.D.) Intervention Duration n

Mean
age
(S.D.) Intervention Duration

Alvarez et al.
(2008)a

DSM-IV; MINI;
clinical MDD
diagnosis

16.46
(severe)

10 21.0
(2.9)

Alcor cognitive training:
series completion task
and mental arithmetical
operations; adaptive;
computerized;
individual

64 sessions
during 16
weeks; total
960 min

6* 23.8
(2.7)

Waitlist/TAU:
antidepressant
medication

16 weeks BDI
WAIS VIQ
WAIS PIQ

Alvarez et al.
(2008)b

DSM-IV; MINI;
clinical MDD
diagnosis

17.09
(severe)

10 23.3
(3.7)

1. Alcor cognitive
training: series
completion task and
mental arithmetical
operations; adaptive;
computerized;
individual
2. Antidepressant
medication

1. 64
sessions
during 16
weeks; total
960 min
2. 16 weeks

6* 23.8
(2.7)

Waitlist/TAU:
antidepressant
medication

16 weeks BDI
WAIS VIQ
WAIS PIQ

Anguera et al.
(2017)

DSM-IV; SCID;
PHQ-9;
HDRS-17 >24;
clinical MDD
diagnosis

23.15
(severe)

12 66.9
(6.8)

1. Project: EVOtm
cognitive training:
guiding a character
through an immersive
environment,
selectively responding
to targets; adaptive;
computerized;
individual
2. Check in with
therapist

1. 20
sessions
during 4
weeks; total
400 min
2. 8
sessions
during 8
weeks

10 69.4
(5.6)

Waitlist/TAU: PST:
psychoeducation,
practicing PST skills,
relapse prevention;
therapist delivered;
individual

8 sessions
during 8
weeks

HDRS-17
PHQ-9
TOVA
Clapp’s WM task

Bowie et al.
(2013)

Clinical MDD
diagnosis

19.06
(severe)

11 49.2
(11.8)

1. Scientific Brain
Training Pro cognitive
training; adaptive;
computerized;
individual
2. Strategic
self-monitoring
coaching;
non-computerized;
group
3. ‘Bridging’ discussions
to facilitate transfer;
non-computerized;
group
4. Homework sessions;
partly computerized;
individual
5. Case management
and pharmacotherapy
services

1–4: 10
sessions +
daily
homework
during 10
weeks; total
3700 min
5. Ongoing

10 42.2
(13.4)

Waitlist/TAU:
1. Waitlist for CR
2. Case management
and
pharmacotherapy
services

1. 10 weeks
2. Ongoing

CPT-IP
TMT-A
BACS SCT
Gold’s LNS
HVLT
TMT-B
Stroop CWT
inhibition
COWAT
LIFE-RIFT
SSPA
Advanced finances
task

(Continued )
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Table 1. (Continued.)

Study

Diagnostic
instruments
and criteria

HDRS-17
baseline M
(severity)

Cognitive remediation condition Control condition

Outcome measuresn

Mean
age
(S.D.) Intervention Duration n

Mean
age
(S.D.) Intervention Duration

Elgamal et al.
(2007)

DSM-IV; SCID;
remitted
clinical MDD
diagnosis

10.25
(moderate)

12 50.3
(6.4)

1. PSSCOgReHab
cognitive training;
adaptive;
computerized;
individual
2. Antidepressant
medication

1. 20
sessions
during 10
weeks; total
1200 min
2. Ongoing

12 47.4
(6.8)

Waitlist/TAU:
antidepressant
medication

Ongoing;
assessment
after 10
weeks

HDRS-17
Ruff’s 2&7 SAT
WAIS-R DS Forward
TMT-A
WAIS-R DS
Backward
CVLT
TMT-B
WAIS-R Similarities
COWAT

Hoorelbeke &
Koster (2017)

MINI;
remitted
clinical MDD
diagnosis;
stable
remission >6
months

6.02
(minimal)

33 46.12
(10.8)

1. Psycho-education
session to foster task
engagement
2. Cognitive control
training: modified
PASAT: responding to
the sum of the last two
digits while hearing a
continuous stream of
digits; adaptive;
computerized;
individual

1. Once
2. 10
sessions
during 2
weeks; total
143 min

34 47.8
(12.2)

Placebo:
1. Psycho-education
session to foster task
engagement
2. Low cognitive load
training: responding
to the last digit while
hearing a continuous
stream of digits;
non-adaptive;
computerized;
individual

1. Once
2. 10
sessions
during 2
weeks

BDI-II
RRS
RDQ
Non-adaptive PASAT
WHODAS 2.0
BRIEF-A Global
Executive Scale
QLDS
RS

Hoorelbeke
et al. (2021)

MINI;
remitted
clinical MDD
diagnosis

8.9
(moderate)

40 45.14
(14.42)

1. Psycho-education
session to foster task
engagement
2. Cognitive control
training: modified
PASAT: responding to
the sum of the last two
digits while hearing a
continuous stream of
digits; adaptive;
computerized;
individual

1. Once
2. 10
sessions
during 4
weeks; total
143 min

36 45.6
(11.7)

Placebo:
1. Psycho-education
session to foster task
engagement
2. Low cognitive load
training: responding
to the last digit while
hearing a continuous
stream of digits;
non-adaptive;
computerized;
individual

1. Once
2. 10
sessions
during 4
weeks

BDI-II
RRS
RDQ
Non-adaptive PASAT
BRIEF-A Global
Executive Scale
RS

Listunova
et al. (2020)a

DSM-IV; SCID;
MINI;
HDRS-24 <20;
(partially)
remitted
clinical MDD
diagnosis

13.04
(moderate)

20 45.90
(11.34)

1. Cognitive
remediation therapy
with CogniPuls; training
6 standard cognitive
domains; adaptive;
computerized;
individual
2. Compensatory
transfer sessions;
non-computerized
3. Medical and
psychotherapeutic TAU

1. 15
sessions
during 5
weeks; total
900 min
2. 5
sessions
during 5
weeks; total
150 min
3. Ongoing

10** 44.89
(10.32)

Waitlist/TAU:
medical and
psychotherapeutic
TAU

Ongoing;
assessment
after 5–7
weeks

VTS WAF-A; WAF-G;
WAF-S; TMT-A;
N-Back-verbal;
Figural Memory Test;
INHIB; TMT-B; TOL-F
Zahlen-Symbol-Test
CVLT
MINI-ICF self;
external
SLOF
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Listunova
et al. (2020)b

DSM-IV; SCID;
MINI;
HDRS-24 <20;
(partially)
remitted
clinical MDD
diagnosis

13.06
(moderate)

18 45.33
(15.06)

1. Cognitive
remediation therapy
with CogniPuls; training
3 most impaired
cognitive domains;
adaptive;
computerized;
individual
2. Compensatory
transfer sessions;
non-computerized
3. Medical and
psychotherapeutic TAU

1. 15
sessions
during 5
weeks; total
900 min
2. 5
sessions
during 5
weeks; total
150 min
3. Ongoing

10** 44.89
(10.32)

Waitlist/TAU:
medical and
psychotherapeutic
TAU

Ongoing;
assessment
after 5–7
weeks

VTS WAF-A; WAF-G;
WAF-S; TMT-A;
N-Back-verbal;
Figural Memory Test;
INHIB; TMT-B; TOL-F
Zahlen-Symbol-Test
CVLT
MINI-ICF self;
external
SLOF

Morimoto
et al. (2014)

DSM-IV; SCID;
MADRS >15/
HDRS-24 >19;
clinical MDD
diagnosis

20.26
(severe)

10 74.1
(7.8)

3 bottom-up exercises:
low-level auditory tone
sweep; phonemic
discrimination task
(both Brain Fitness
cognitive training);
low-level visual
discrimination exercise
(Insight cognitive
training); 2 top-down
exercises: catch the
ball; semantic strategy
(both newly developed);
adaptive;
computerized;
individual

30 h during
4 weeks;
total 1800
min

33 73.1
(7.0)

Waitlist/TAU:
escitalopram; check
in with therapist

12 sessions
during 12
weeks;
assessment
after 4
weeks

MADRS

Morimoto
et al. (2020)

DSM-IV; SCID;
MADRS >15;
clinical MDD
diagnosis

20.35
(severe)

15 74.7
(7.6)

1. Brain HQ: 3
bottom-up exercises:
low-level auditory tone
sweep; phonemic
discrimination task;
low-level visual
discrimination exercise;
2 top-down exercises:
catch the ball; semantic
strategy (both newly
developed); adaptive;
computerized;
individual
2. Stable therapeutic
dosage of SSRI/SNRI
antidepressant

30 h during
4 weeks;
total 1800
min

15 72.2
(9.9)

Placebo:
1. Documentary
series with questions.
Matched for duration,
engagement, reward,
presentation, contact;
adaptive;
computerized;
individual
2. Stable therapeutic
dosage of SSRI/SNRI
antidepressant

30 h during 4
weeks; total
1800 min

MADRS
WAIS-IV DS
Backward
CVLT
TMT-B
Stroop CWT
inhibition
WHODAS

Moshier et al.
(2015)

BDI >16, <35
(no formal
clinical MDD
diagnosis)

17.17
(severe)

16 32.69
(18.0)

Cognitive control
training: modified
PASAT; attention
control intervention:
attending to multiple
auditory sources;
adaptive;
computerized;
individual

3 sessions
during 2
weeks; total
75 min

16 34.6
(16.7)

Placebo: peripheral
vision task which
does not target brain
regions targeted by
cognitive control
training; adaptive;
computerized;
individual

3 sessions
during 2
weeks

BDI-II
CFQ
Hot plates repeated
knob-checking task

(Continued )
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Table 1. (Continued.)

Study

Diagnostic
instruments
and criteria

HDRS-17
baseline M
(severity)

Cognitive remediation condition Control condition

Outcome measuresn

Mean
age
(S.D.) Intervention Duration n

Mean
age
(S.D.) Intervention Duration

Moshier &
Otto (2017)

DSM-IV; SCID;
clinical MDD
diagnosis

20.95
(severe)

14 37.2
(14.0)

1. Cognitive control
training: modified
PASAT; attention
control intervention:
attending to multiple
auditory sources;
adaptive;
computerized;
individual
2. Brief behavioural
activation therapy for
depression

1. 4
sessions
during 4
weeks; total
100 min
2. 4
sessions
during 4
weeks

12 33.6
(15.8)

1. Placebo: peripheral
vision task which
does not target brain
regions targeted by
cognitive control
training; adaptive;
computerized;
individual
2. Brief behavioural
activation therapy for
depression

1. 4 sessions
during 4
weeks
2. 4 sessions
during 4
weeks

BDI-II
MADRS
RRS

Naismith et al.
(2011)

HDRS-17 <20;
current or
remitted
clinical MDD
diagnosis

8.00
(moderate)

22 64.8
(8.5)

1. Psycho-education on
health, cognitive
functioning and
cognitive strategies
2. Neuropsychological
educational approach
to remediation (NEAR)
cognitive training:
exercises and
strategy training; verbal
‘bridging’ groups;
adaptive; partly
computerized; group
3. Antidepressant
medication

1–2: 10
sessions
during 10
weeks; total
1200 min
3. Ongoing

19 64.8
(8.5)

Waitlist/TAU:
1. Waitlist for CR
2. Antidepressant
medication

1. 10 weeks
2. Ongoing

HDRS-17
TMT-A
RAVLT
WMS Logical
memory
TMT-B
D-KEFS Stroop CWT
inhibition
D-KEFS Sorting
WHODAS

Owens et al.
(2013)

BDI-II >20 (no
formal
clinical MDD
diagnosis)

16.27
(severe)

11 27.7
(5.3)

Attention control
training: dual n-back
task: responding when
a visual/audio stimulus
matches the visual/
audio stimulus (n) trials
back; adaptive;
computerized;
individual

8 sessions
during 2
weeks; total
240 min

11 22.6
(3.4)

Placebo: dual n-back
task; non-adaptive;
computerized;
individual

8 sessions
during 2
weeks

BDI-II
Change detection
task

Pratap et al.
(2018)a

PHQ-9 >5/
PHQ-9 item
10 >2 (no
formal
clinical MDD
diagnosis)

.. 40*** 33.4
(10.9)

Project: EVOtm
cognitive training:
guiding a character
through an immersive
environment,
selectively responding
to targets; adaptive;
computerized;
individual

20 sessions
during 4
weeks; total
400 min

100 33.6
(12.3)

Placebo:
Psycho-education
app providing health
tips e.g. on self-care;
non-adaptive;
computerized;
individual

28 sessions
during 4
weeks

PHQ-9
SDS
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Pratap et al.
(2018)b

PHQ-9 >5/
PHQ-9 item
10 >2 (no
formal
clinical MDD
diagnosis)

.. 40*** 33.37
(10.87)

Project: EVOtm
cognitive training:
guiding a character
through an immersive
environment,
selectively responding
to targets; adaptive;
computerized;
individual

20 sessions
during 4
weeks; total
400 min

100 34.9
(12.3)

Waitlist/TAU:
Problem Solving
Therapy app (iPST):
learning 7 steps to
create an action plan;
non-adaptive;
computerized;
individual

28 sessions
during 4
weeks

PHQ-9
SDS

Semkovska
et al. (2015)

DSM-IV; SCID;
clinical MDD
diagnosis

19.4
(severe)

8 42.4
(14.9)

1. RehaCom cognitive
training: divided
attention 1 and 2,
verbal memory, figural
memory, shopping and
plan a day; adaptive;
computerized;
individual
2. Hospitalization for
MDD

1. 20
sessions
during 5 or
10 weeks;
total 12 min
2. Ongoing

7 44.4
(13.0)

Placebo:
1. Free online games
requiring attention,
strategy,
remembering ques;
adaptive;
computerized;
individual
2. Hospitalization for
MDD

1. 20
sessions
during 5 or
10 weeks
2. Ongoing

HDRS-17
BDI-II
D2 test
WAIS-III DS Forward
WAIS-III Digit symbol
coding
WAIS-III DS
Backward
WMS Logical
memory
ROCF
D-KEFS Stroop CWT
inhibition; Towers;
Sorting;
20-questions;
Fluency

Semkovska &
Ahern (2017)

DSM-IV; SCID;
HDRS-17 <7;
remitted
clinical MDD
diagnosis;
remission >8
weeks

4.25
(minimal)

11 45.9
(6.7)

RehaCom cognitive
training: divided
attention 1 and 2,
verbal memory, figural
memory, shopping and
plan a day; adaptive;
computerized;
individual

20 sessions
during 5
weeks; total
1200 min

10 46.9
(9.3)

Placebo: free online
games and word
games requiring
attention, strategy,
remembering ques;
adaptive;
computerized;
individual

20 sessions
during 5
weeks

HDRS-17
BDI-II
D2 test
WAIS-III DS Forward
WAIS-III Digit symbol
coding
WAIS-III DS
Backward
WMS Logical
memory
ROCF
D-KEFS Towers;
Sorting;
20-questions;
Fluency

Trapp et al.
(2016)

DSM-IV;
ICD-10; SCID;
clinical MDD
diagnosis

12.04
(moderate)

21 34.26
(11.6)

1. X-Cog® cognitive
training: game-like,
controlling characters
facing adventurous
challenges, instructions
include metacognitive
strategies, patients
were encouraged to
apply and develop
strategies; adaptive;
partly computerized;
partly individual
2. Hospitalization for

1. 12
sessions
during 4
weeks; total
720 min
2. Ongoing

20 36.9
(12.1)

Waitlist/TAU:
hospitalization for
MDD: intensive
treatment: CBT,
relaxation treatment,
psychotherapeutic,
music therapy,
physical training, and
occupational therapy

Ongoing;
assessment
after 4
weeks

HDRS-17
BDI-II
Degraded CPT
WMS
Spat. S. Forward
WMS DS Forward
TMT-A
WMS
Spat. S. Backward
WMS DS Backward
WMS Logical
memory
WMS Visual
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Table 1. (Continued.)

Study

Diagnostic
instruments
and criteria

HDRS-17
baseline M
(severity)

Cognitive remediation condition Control condition

Outcome measuresn

Mean
age
(S.D.) Intervention Duration n

Mean
age
(S.D.) Intervention Duration

MDD: intensive
treatment: CBT,
relaxation treatment,
psychotherapeutic,
music therapy, physical
training and
occupational therapy

reproduction
TMT-B
WCST

Twamley et al.
(2019)

DSM-IV; SCID;
clinical MDD
diagnosis

15.16
(severe)

16 46.5
(10.5)

1. Skills and strategy
training to implement
skills to compensate for
cognitive difficulties;
non-computerized;
individual
2. Supported
employment services

1. 12
sessions
during 12
weeks; total
720 min
2. Ongoing

18 43.5
(13.0)

Waitlist/TAU:
supported
employment
enhanced to match
the contact time in
the CR condition

Ongoing;
assessment
after 12
weeks

HDRS-17
CPT-IP
TMT-A
BACS SCT
WMS Spat. S.
UM LNS
HVLT
BVMT-R
TMT-B
WCST
NAB Mazes
Category fluency
Letter fluency
ILSS
QOLI
SSPA
UPSA-Brief
MIST

Wanmaker
et al. (2014)

BDI-II >10 (no
formal
clinical MDD
diagnosis)

14.07
(moderate)

34 20.6
(3.9)

Role playing game
cognitive training:
walking around in a
virtual world,
completing working
memory tasks to defeat
enemies; adaptive;
computerized;
individual

9 sessions
during 3
weeks; total
270 min

27 21.0
(3.3)

Placebo: role playing
game: walking
around in a virtual
world, completing
working memory
tasks with a low
difficulty level to
defeat enemies;
non-adaptive;
computerized;
individual

9 sessions
during 3
weeks

BDI-II
RRS
Spanboard task
Forward

Wanmaker
et al. (2015)

DSM-IV; SCID;
clinical MDD
diagnosis

20.9
(severe)

10 49.2
(12.7)

Role playing game
cognitive training:
walking around in a
virtual world,
completing working
memory tasks to defeat
enemies; adaptive;
computerized;
individual

9 sessions
during 3
weeks; total
270 min

15 47.3
(12.1)

Placebo: role playing
game: walking
around in a virtual
world, completing
working memory
tasks with a low
difficulty level to
defeat enemies;
non-adaptive;
computerized;
individual

BDI-II
RRS
Internal Shift Task
DS Forward
DS Backward
Reading Span
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ndom
-effects

m
odel

indicated
no

publication
bias

either
for

D
S,

C
F
or

D
F.

For
D
S
and

D
F,

the
pooled

effect
sizes

w
ere

dow
n-

graded
using

the
G
R
A
D
E
assessm

ent
to

very
low

,
and

for
C
F
to

low
certainty

of
evidence

(A
ppendix

III).

Sensitivity
analyses

Sensitivity
analyses

excluding
tw
o

outliers
(H

oorelbeke
et

al.,
2021;

M
orim

oto
et

al.,
2020);

studies
w
ith

high
risk

of
bias

(A
ppendix

I
–

eT
able

1),
one

study
w
ith

sm
all

sam
ple

size
(Y
am

aguchiet
al.,2017),studies

w
ith

>14
days

from
end

of
treat-

m
ent

to
post-intervention

assessm
ent

(H
oorelbeke

et
al.,

2021;
Y
am

aguchi
et

al.,
2017);

or
studies

w
ith

participants
w
ithout

a
form

al
clinical

M
D
D

diagnosis
(M

oshier
et

al.,
2015;

O
w
ens

et
al.,

2013;
P
ratap

et
al.,

2018;
W
anm

aker
et

al.,
2014)

did
not

affect
the

overall
results

on
the

three
m
ain

outcom
e
categories

D
S,C

F
and

D
F.Further,excluding

studies
w
ith

unclear
or

insuf-
ficient

sequence
generation

(A
ppendix

I
–
eT

able
1)

did
not

affect
the

results
on

C
F.H

ow
ever,the

effecton
D
S
changed

from
a
sm

all
significant

effect
(g

=
0.28)

to
a
non-significant,sm

aller
effect

(g
=
0.18;

95%
C
I
−
0.05

to
0.42;

N
=
12;

n
=
204;

I
2
=
31%

;
95%

C
I

0–65%
),
and

the
effect

on
D
F
changed

from
a
sm

all
significant

effect
(g

=
0.22)

to
a
non-significant,

sm
aller

effect
as

w
ell

(g
=

0.20;
95%

C
I
−
0.03

to
0.43;

N
=
8;

n
=
295;

I
2
=
0%

;
95%

C
I
0–

68%
).
T
hus,

confounding
bias

m
ight

have
affected

the
effects

on
D
S
and

D
F.

D
iscussion

W
e
perform

ed
a
m
eta-analysis

to
assess

the
effectiveness

of
cog-

nitive
rem

ediation
in

depression.O
ur

results
indicate

a
sm

allsig-
nifican

t
effect

on
D
S,

a
m
edium

significant
effect

on
C
F
and

a
sm

all
significant

effect
on

D
F.Significant

effects
for

C
F
dom

ains
w
ere

sm
all

for
A
ttention,

P
rocessing

speed
and

V
erbal

learning
and

m
em

ory,
and

m
edium

for
W
orking

m
em

ory.
For

D
F
sub-

categories,
there

w
as

a
sm

all
significant

effect
for

Subjective
D
F.

H
ow

ever,
w
e
found

no
indication

that
these

beneficial
effects

are
sustainable

as
the

m
eta-analysis

did
not

identify
any

signifi-
cant

effects
of

cognitive
rem

ediation
on

D
S,C

F
or

D
F
at

follow
-

ups
up

to
3
m
onths

after
the

post-intervention
assessm

ents.
O
ur

findings
of

sm
all

significant
effects

on
D
S
and

D
F,

and
m
edium

significant
effect

on
W
orking

m
em

ory
are

consistent
w
ith

the
only

previous
m
eta-analysis

on
the

subject
(M

otter
et

al.,
2016).

H
ow

ever,
for

A
ttention,

M
otter

et
al.

(2016)
did

find
a
m
oderate

significant
effect

w
hereas

w
e
identified

a
sm

all
significant

effect.
P
rocessing

speed
outcom

es
w
ere

not
m
eta-analysed

separately
but

m
erged

w
ith

A
ttention

outcom
es

in
the

previous
w
ork

(M
otter

et
al.,2016),w

hereas
w
e
have

quan-
tified

separately
the

effects
of

these
tw
o

cognitive
dom

ains.
Further,

in
contrast

to
our

findings,
they

found
no

significant
effect

on
V
erbal

m
em

ory.
T
hese

differences
m
ight

be
explained

by
a
lim

ited
num

ber
of

studies
and

participants
included

in
the

previous
m
eta-analysis,

relative
to

the
present

m
eta-analysis.

In
subgroup

analyses,w
e
found

that
effects

on
D
S
w
ere

signifi-
cantly

larger
in

the
subgroup

w
ith

patients
w
ith

severe
depressive

baseline
sym

ptom
s
com

pared
to

those
w
ith

m
oderate

sym
ptom

s:
there

w
as

a
sm

allsignificant
effect

in
patients

w
ith

severe
depres-

sive
baseline

sym
ptom

s,
and

no
significant

or
sizable

effect
in

patients
w
ith

m
oderate

sym
ptom

s.
T
his

is
not

surprisin
g,

since
m
ore

depressive
sym

ptom
s
m
ean

m
ore

room
for

im
provem

ent.
T
his

finding
em

phasizes
the

im
portance

of
taking

baseline
sym

p-
tom

s
into

account,as
has

been
argued

extensively
by

others
before

Yamaguchi
et al. (2017)

ICD-10;
clinical MDD
diagnosis

15.00
(moderate)

4 37.8
(4.9)

Cognitive training based
on thinking skills for
work;
1. CogPack cognitive
training; computerized;
individual
2. Sessions discussing
cognitive skills,
activities and
compensational
strategies;
non-computerized;
group
3. Psychiatric day care
or community
employment services

1–2: 24
sessions
during 12
weeks; total
1440 min
3. During 12
months

3 34.7
(6.1)

Waitlist/TAU:
traditional vocational
services: care
manager +
community
employment services

During 12
months

HDRS-17
BACS SCT
BACS Token motor
BACS Digit
sequencing
BACS Verbal
memory
BACS Tower of
London
BACS Word fluency
BACS Letter fluency
GAF

MDD, major depressive disorder; TAU, treatment as usual; PST, Problem Solving Therapy; Abbreviations of clinical instruments, in alphabetical order: BACS, Brief Assessment of Cognition in Schizophrenia; BDI, Beck Depression Inventory; BRIEF-A,
Behavior Rating Inventory of Executive Function Adult Version; BVMT-R, Brief Visual Memory Test Revised; CBT, Cognitive Behavioral Therapy; CFQ, Cognitive Failures Questionnaire; COWAT, Controlled Oral Word Association Test; CPT-IP, Continuous
Performance Test – Identical Pairs; CVLT, California Verbal Learning Test; Degraded CPT, Degraded Continuous Performance Test; D-KEFS, Delis-Kaplan Executive Functioning System; DS, Digit Span; DSM-IV, Diagnostic and Statistical Manual of mental
disorders IV; GAF, Global Assessment of Functioning; HDRS-17, Hamilton Depression Rating Scale-17; HDRS-24, Hamilton Depression Rating Scale-24; HVLT, Hopkins Verbal Learning Test; ICD-10, International Classification of Diseases and related health
problems-10; ILSS, Independent Living Skills Survey; LIFE-RIFT, Longitudinal Interval Follow-up Evaluation Range of Impaired Functioning Tool; LNS, Letter Number Sequencing Test; MADRS, Montgomery-Asberg Depression Rating Scale; MINI, Mini
International Neuropsychiatric Interview; MINI-ICF, Mini – Internal Classification of Functioning, Disability and Health MIST, Memory for Intentions Test; NAB, Neuropsychological Assessment Battery; PASAT, Paced Auditory Serial Addition Test; PHQ-9,
Patient Health Questionnaire-9; PIQ, Performance Intelligence Quotient; RAVLT, Rey Auditory Verbal Learning Test; RDQ, Remission of Depression Questionnaire; ROCF, Rey-Osterrieth Complex Figure test; RRS, Ruminative Response Scale; RS, Resilience
Scale; Ruff’s 2&7 SAT, Ruff’s 2&7 Selective Attention Test; R, Revised; SCID, Structured Clinical Interview for the DSM; SCT, Symbol Coding Task; SDS, Sheehan Disability Scale; SLOF, Specific Level of Functioning Scale; Spat; S, Spatial Span; SSPA, Social
Skills Performance Assessment; Stroop CWT, Stroop Color Word Test; TMT-A, Trail Making Test part A; TMT-B, Trail Making Test part B; TOVA, Test of Variables of Attention; VIQ, Verbal Intelligence Quotient; VTS, Vienna Test System; WAIS, Wechsler Adult
Intelligence Scale; WCST, Wisconsin Card Sorting Test; WHODAS, World Health Organization Disability Assessment Schedule; WM, Working Memory; WMS, Wechsler Memory Scale; QLDS, Quality of Life in Depression Scale; QOLI, Quality Of Life Interview;
UM LNS, University of Maryland Letter Number Span; UPSA-Brief, University of California, San Diego, Performance-based Skills Assessment-Brief.
*In Alvarez et al. (2008), the control sample was split into two (a and b) in order to perform analyses using both cognitive remediation samples. The original control sample consisted of 11 patients. **In Listunova et al. (2020), the control sample was
split into two (a and b) in order to perform analyses using both cognitive remediation samples. The original control sample consisted of 19 patients. ***In Pratap et al. (2018) the cognitive remediation sample was split into two (a and b) in order to
perform analyses using both control samples. The original cognitive remediation sample consisted of 79 patients.
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Table 2. Main effects and subgroup analyses of cognitive remediation on depressive symptomatology, cognitive and daily functioning

N n Hedges’ g (95% CI) p value I2 (95% CI) p value*

Depressive symptomatology 21 899 0.28 (0.09–0.46) 0.004 40% (0–64%)

Clinical status

Current depression 16 670 0.35 (0.13–0.57) 0.002 35% (0–64%) 0.384

Remitted depression 4 188 0.13 (−0.27 to 0.54) 0.522 59% (0–86%)

Control condition

Placebo 11 515 0.19 (−0.06 to 0.44) 0.130 33% (0–67%) 0.317

Waitlist/TAU 10 384 0.39 (0.10–0.67) 0.008 47% (0–75%)

Symptom severity

Moderate 6 250 −0.03 (−0.36 to 0.30) 0.854 0% (0–75%) 0.022

Severe 11 281 0.48 (0.19–0.76) 0.001 44% (0–72%)

Diagnosis

Clinical MDD 16 519 0.32 (0.09–0.55) 0.006 44% (0–69%) 0.482

No clinical diagnosis 5 380 0.18 (−0.16 to 0.51) 0.298 23% (0–69%)

Cognitive functioning 19 597 0.60 (0.37–0.83) <0.001 44% (3–67%)

Clinical status

Current depression 12 310 0.54 (0.24–0.83) <0.001 4% (0–60%) 0.358

Remitted depression 6 246 0.76 (0.39–1.14) <0.001 68% (23–86%)

Control condition

Placebo 8 317 0.84 (0.56–1.12) <0.001 48% (0–77%) 0.025

Waitlist/TAU 11 280 0.39 (0.12–0.66) 0.005 0% (0–60%)

Symptom severity

Moderate 8 308 0.54 (0.21–0.88) 0.002 57% (5–80%) 0.932

Severe 9 201 0.52 (0.16–0.88) 0.004 22% (0–63%)

Cognitive functioning per domain

Attention 11 322 0.36 (0.07–0.66) 0.016 42% (0–71%)

Processing speed 10 262 0.26 (0.02–0.50) 0.033 0% (0–62%)

Working memory 15 463 0.54 (0.22–0.86) 0.001 64% (37–79%)

Verbal learning and memory 11 292 0.47 (0.08–0.87) 0.019 64% (31–81%)

Visual learning and memory 7 210 0.12 (−0.17 to 0.41) 0.414 13% (0–75%)

Executive functioning 11 292 0.23 (−0.00 to 0.46) 0.053 0% (0–60%)

Verbal fluency 6 122 0.26 (−0.23 to 0.76) 0.301 47% (0–79%)

Daily functioning 12 646 0.22 (0.06–0.39) 0.008 3% (0–60%)

Clinical status

Current depression 7 404 0.24 (0.01–0.48) 0.040 36% (0–73%) 0.889

Remitted depression 4 201 0.27 (−0.03 to 0.57) 0.077 0% (0–85%)

Control condition

Placebo 5 345 0.27 (0.03–0.51) 0.025 57% (0–84%) 0.578

Waitlist/TAU 7 301 0.17 (−0.08 to 0.43) 0.180 0% (0–71%)

Symptom severity

Moderate 5 182 0.18 (−0.21 to 0.56) 0.368 0% (0–79%) 0.697

Severe 4 117 0.29 (−0.15 to 0.73) 0.198 66% (0–88%)

Daily functioning per sub-category

Subjective 11 639 0.22 (0.05–0.39) 0.012 8% (0–63%)

Objective 4 94 0.05 (−0.36 to 0.45) 0.820 0% (0–85%)

N, number of comparisons; n, number of patients; CI, confidence interval; TAU, treatment as usual.
*This p value indicates the between-group difference in the subgroup analyses.
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(e.g. Nunes et al., 2011). Future studies should consider that only
in severely depressed individuals, cognitive remediation appears
to improve DS. Moreover, this finding suggests that patient char-
acteristics impact on the effectiveness of cognitive remediation.
Gaining more knowledge on the association between individual
patient characteristics and the effectiveness of cognitive remedi-
ation may ultimately lead to personalized cognitive remediation
interventions. The potential in this area should be noted.

Although CF improved in comparison to both placebo and
waitlist/TAU control conditions, improvement was significantly
more pronounced in comparison to placebo than in comparison
to waitlist/TAU with large and moderate effect size, respectively.
This could be explained by that placebo control conditions were
by definition specifically designed in order not to improve CF,
while this was not the case for waitlist and/or TAU control con-
ditions. We could not demonstrate any significant effect of clinical
status (current v. remitted depression) or diagnosis (clinical MDD
v. no clinical diagnosis).

Further, we found no moderating effect of cognitive remedi-
ation duration on the effectiveness achieved. Relatively short pro-
grammes may be sufficiently effective. However, the absence of a
duration effect might have been attributable to the variation in the
design of the remediation programmes.

Some limitations of the meta-analysis should be noted. A limi-
tation with regard to the effect on DF is that this outcome meas-
ure was very heterogeneous in terms of what instruments were
used and what these instruments aimed to measure. Although
we tried to categorize DF outcomes as subjective and objective
in order to promote homogeneity, there was still a great variety
of outcomes included within these categories. Statistical hetero-
geneity was, however, low (I2 = 3%). The same could be said for
CF, because instruments aimed at assessing various cognitive
domains were included though all instruments explicitly aimed
to assess CF. Although most studies included had low risk of

bias and excluding studies with high risk of bias did not change
the results, some studies reported non-random or unclear
sequence generation. Our results indicate that confounding in
the observational studies may have biased the results for DS
and DF: when the analyses on DS and DF were restricted to ran-
domized studies, the effect sizes were lower and no longer signifi-
cant. According to the GRADE assessment, the pooled effect size
for DS and DF was downgraded to very low, and for CF to low
certainty of evidence. Both including varying cognitive remedi-
ation interventions and studies among patients with a broad
range of depression severity likely improves the generalizability
of our results. However, the other side of the coin is that such lib-
eral inclusion decreases the specificity with which our results
apply to a specific cognitive remediation format and specific
population. Notably, interventions were not only diverse qualita-
tively, but also the quantity (duration) of cognitive remediation
varied considerably. Unfortunately, there were not enough studies
on cognitive remediation interventions with a fully non-
computerized, or group format to perform any subgroup analyses
on therapy delivery format as we aimed to. Our findings should
be interpreted cautiously, keeping in mind that the vast majority
of included studies had a fully computerized and individual for-
mat, although some studies combined computerized and non-
computerized, and individual and group interventions. There
were not enough studies to include a subgroup with minimal
depressive symptoms in any of the subgroup analyses on symp-
tom severity at baseline, or to perform subgroup analyses on diag-
nosis for CF and DF.

Furthermore, cognitive impairment has been shown to
increase with the number of depressive episodes (Semkovska
et al., 2019), and thus cognitive remediation might be especially
relevant for patients with recurrent depression. However, none
of the included studies recruited exclusively patients with recur-
rent depression. Also, only two of the included studies report

Fig. 2. Forest plots of three main outcomes: (a) Forest plot effect on depressive symptomatology, (b) Forest plot effect on cognitive functioning, (c) Forest plot effect
on daily functioning. CR, cognitive remediation; CI, confidence interval.
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evident cognitive impairment at baseline as an inclusion criterion
(Listunova et al., 2020; Yamaguchi et al., 2017). Similarly to the
larger effect on DS found in patients with severe depressive symp-
toms at baseline, the effects of cognitive remediation might be
more pronounced in patients with evident cognitive impairment.
Both these factors might have impacted the current meta-analysis
results. It would be relevant for future studies to focus on the
effectiveness of cognitive remediation specifically in samples
with recurrent depression and/or evident cognitive impairment,
and to study whether effects are different compared to samples
with single-episode depression and/or no evident cognitive
impairment. Further, the number of studies that provided
follow-up data was limited. It should also be noted that sample
sizes were often small. Future studies should include more parti-
cipants and thereby increase power.

In conclusion, our findings indicate that cognitive remediation
in depression substantially improves CF; more specifically,
Attention, Processing speed, Working memory and Verbal learn-
ing and memory. We found small significant effects on DS and
subjective DF as well. However, these might be overestimations
due to confounding bias. Further, our findings indicate that it is
important to consider baseline depressive symptom severity: cog-
nitive remediation improved DS in those with severe baseline
symptoms but not in those with moderate baseline symptoms.
The effects on DS, CF and DF disappeared at follow-up. Given
that the endurance of the effects of cognitive remediation is
under discussion, it is critical to study how interventions can be
innovated or combined with other interventions in order for
their effects to last. Development of cognitive remediation proto-
cols that aim for sustainable effects is crucial. More high-quality,
well-powered, randomized controlled trials are needed that
include long-term follow-ups. The effect of cognitive remediation
on DS, DF, as well as optimal therapy delivery format needs to be
determined.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0033291721001100.
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Notes
1 Three studies reported on multiple relevant comparisons. Two studies
reported on two relevant cognitive remediation samples and one control sam-
ple, thus both cognitive remediation samples were included, each compared to
half of the control sample [Alvarez et al. (2008) a and b; Listunova et al. (2020)
a and b]. Another study reported on one cognitive remediation sample and

two relevant control samples: both control samples were included, each com-
pared to half of the cognitive remediation sample [Pratap et al. (2018) a and b].
2 Baseline depressive symptom severity, no effect on DS (coefficient: 0.02; 95%
CI −0.02 to 0.07; p = 0.251), CF (coefficient: −0.03; 95% CI −0.07 to 0.02;
p = 0.226) or DF (coefficient: 0.02; 95% CI −0.03 to 0.07; p = 0.458); age, no effect
on DS (coefficient: 0.01; 95% CI −0.01 to 0.02; p = 0.300), CF (coefficient:
−0.01; 95% CI −0.02 to 0.01; p = 0.343) or DF (coefficient: 0.02; 95%
CI −0.00 to 0.04; p = 0.112); gender, no effect on DS (coefficient: 0.01; 95%
CI −0.01 to 0.03; p = 0.391), CF (coefficient: 0.00; 95% CI −0.02 to 0.02;
p = 0.707) or DF (coefficient: 0.01; 95% CI −0.02 to 0.03; p = 0.729); cognitive
remediation duration, no effect on DS (coefficient: 0.00; 95% CI −0.00 to 0.00;
p = 0.351), CF (coefficient: −0.00; 95% CI −0.00 to 0.00; p = 0.182) or DF
(coefficient: 0.00; 95% CI −0.00 to 0.00; p = 0.399).
3 At follow-up, no effect on DS (g = 0.15; 95% CI −0.13 to 0.43; p = 0.297; N =
7; n = 454; I2 = 34%: 95% CI 0–72%), CF (g = 0.08; 95% CI −0.65 to 0.81; p =
0.836; N = 3; n = 126; I2 = 68%: 95% CI 0–91%) or DF (g = 0.03; 95% CI −0.25
to 0.32; p = 0.813; N = 4; n = 381; I2 = 27%: 95% CI 0–73%).
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