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ARTICLE INFO ABSTRACT

Article history: Objective: Depression is common, frequently resistant to antidepressant treatment, and associated with
Received 26 August 2015 impairments in cognition and everyday functioning. Computerized cognitive training {CCT) paradigms
Accepted 15 September 2015 offer potential to improve cognition, mood and everyday functioning, but their effectiveness is not well
availiielonine 26 SERembsiants established. The goal of this article was to conduct a systematic review and meta-analysis to determine
Keywords. the efficacy of CCT in depressive disorders.

Cognitive training Method: A search was conducted to identily high quality randomized controlled CCT trials per PRISMA
Depression guidelines using PsycINFO and MEDLINE with the keywords “Cognitive training” or “Cognitive re-
Meta-analysis mediation™ ot “Cognitive rehabilitation™ and “Depression”. § randomized trials for depressed adults met

inclusion criteria. Effect sizes {Hedge's g} were calculated for key outcome measures of mood symptom
severity, daily functioning, and cognition. A 3-level Bayesian hierarchical linear model was used to es-
timate effect sizes for each domain and study. Publication bias was assessed using Classic Fail Safe N's
and homogeneity was evaluated using @ and P indexes,
Results: Significant small-moderate effects for Symptom Severity (0.43 ) and Daily Functioning {2.72), and
moderate-large effects for Attention (0.67 ), Working Memory (0.72), and Global Functioning (1.05) were
found. No significant effects were found for Executive Functicning or Verbai Memory. Moderator variable
analysis revealed decreased effect of CCT with age. Gender and concurrent medication treatment did not
affect the results.
Limitations: Small sample size, short duration, pseudo-specificity, and high heterogeneity for Verbal
Memory measures.
Conclusions: CCT is associated with improvement in depressive symptoms and everyday functioning,
though produces inconsistent effects on cognition.
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1. Introduction

Majar depressive disorder (MDD) is a common disorder among
adults with a lifetime prevalence of 16.6% in the United States
(Kessler et al., 2005). Depression is associated with greater psy-
chosocial disability (Judd et al.,, 2000), higher functional impair-
ment (Rapaport et al., 2005}, and higher rates of mortality (Cuij-
pers and Smit, 2002). Depressed adults are at greater risk of de-
veloping anxiety discrders (Kessler et al., 2008) and cardiovascular
diseases, such as ischemic heart disease and cerebrovascular dis-
ease {Halt et al,, 2013). In terms of everyday functioning, lack of
energy, loss of interest, apathy, and insomnia make it difficult to
complete daily tasks. An estimated 7% of depressed adults commit
suicide, largely in part due to lack of treatment or low treatment
efficacy (Bostwick and Pankratz, 2000). It is estimated that only
37.5% of adults receive minimally adequate treatment (Wang et al.,
2005). Beyond the impairment to health, depression is respansible
for low productivity, missed work days, and an estimated $83
billion dollars in economic loss annually (Greenberg et al., 2003).

In addition te physical health problems, depression often
manifests with cognitive impairment. Specifically, depressed in-
dividuals have deficits in working memory, verbal fluency, pro-
cessing speed, attention, and executive function (Austin et al.,
2001). Impairment in cognitive functions in depressed adults
predicts low functional outcome as well as treatment nonresponse
{Alexopoulos et al., 2005; Dunkin et al., 2000; Gorlyn et al,, 2008;
Kampf-Sherf et al., 2004). Further, these deficits are linked with
reduced quality of life (Jaeger et al., 2006). While treatments such
as psychotherapy and antidepressants have proven efficacy for
improving mood, cognitive deficits often remain following re-
mission (Baune et al., 2010; Paelecke-Habermann et al., 2005). It is
essential that treatments address cognitive impairments, as they
are a risk factor for suicide attempts and development of dementia
(Keilp et al., 2001). Development of novel interventions to improve
antidepressant response can have an enormous public health
benefit.

One approach beginning to receive attention is computerized
cognitive training {CCT) (Morimoto et al., 2012; Porter et al., 2013),
in which cognitive exercises or games are used to target specific
neural networks in order to improve cognitive functioning
through neuroplasticity. CCT has been used in healthy adult po-
pulations {(Mahncke et al., 2006; Stern et al., 2011; Willis et al,,
2006) as well as in a variety of diagnostic conditions including
attention-deficit hyperactivity disorder (Rapport et al, 2013),
schizophrenia (Wykes et al,, 2011), bipolar disorder {Preiss et al.,
2013), traurnatic brain injury {Salazar et al., 2000}, mild cognitive
impairment (Li et al., 2011), and Alzheimer's disease {Sitzer et al.
2006). It is administered through an automated computer pro-
gram, oftentimes accessible over the internet. Advantages CCT
hold over existing treatments for depression are that it is relatively
inexpensive, noninvasive, and can be tailored to meet the specific
cognitive needs of the individual. Further, there is no concern for
medicinal side effects and training can be completed in the pa-
tient's own home. Because CCT necessitates computer access and
sometimes an internet connection, it may be difficult to imple-
ment for populaticns that traditionally have low computer access,
such as those with low household income and older adults.

The growth of CCT as an intervention is met with contention in
regards to its effectiveness. Proponents highlight systematic re-
views claiming CCT improves cognitive abilities in various patient
populations, with some evidence of these benefits transferring to
everyday functioning (Mahncke, 2014). Skeptics criticize the
manufacturer’s claims that CCT leads to increased mental fitness as
being overstated and potentially misleading to patients and con-
sumers (Max Planck Enstitute for Human Development and Stan-
ford Center on Longevity, 2014). There is little evidence that the

cognitive benefits are broad, and performance gains may reflect
stmilarity between training paradigms and neuropsychological
measures, Even when positive results are found, studies often lack
methodological rigor to account for participant motivation and
expectancy. The current debate demonstrates the urgent need for
answers to questions about the value of CCT.

‘The purpose of this meta-analysis is to evaluate the efficacy of
CCT for depressed individuals. In doing so, we attempt to answer
several important questions. First, does CCT improve cognition,
and in what domains? Depression is associated with numerous
cognitive impairments, making it critical to understand which, if
any, can be improved by CCT. Secondly, does it improve mood?
Alleviation of cognitive impairments may enhance ongoing treat-
ments, as might completion of rewarding tasks distract from ru-
minative thoughts. Finally, does the improvement transfer to ev-
eryday life functioning? While enhancing cognitive abilities is the
immediate objective of CCT, it is done with the expectation that
this facilitates improved quality of life. The absence of transfer
would make it difficult to conclude CCT is not merely teaching to
the test.

2. Method

PRISMA guidelines for conducting and reporting systematic
reviews were followed during this analysis (Maher et al.,, 2009).
Studies for the meta-analysis were selected using PsycINFO and
MEDLINE. The lollowing keywords were used: *Cognitive training”
or "Cognitive remediation” or “Cognitive rehabilitation” and “De-
pression.” Results were further limited to (1) English language
articles, (2) participants aged 18 years or greater, and (3) study
design of clinical trial, controlled clinical trial, multicenter study,
randomized trial, or randomized control trial. The initial search
returned 2938 results. From these articles, 613 exact duplicates
were dropped. The titles and abstracts of the remaining 2325 ar-
ticles were examined against previous exclusion criteria, in addi-
tion to excluding articles that were review papers, did not utilize a
CCT paradigm, or did not contain depressed participants (defined
by a minimum score on a depression rating scale or confirmation
via a structured clinical interview). The full text of the remaining
75 articles were examined against previous exclusion criteria, in
addition to excluding articles that did not report sufficient out-
come data for meta-analytic review, contained comorbid diag-
noses, did not stratify results by diagnosis when multiple disorders
were present, or did not contain adequate control groups. One
article not found using our search parameters was provided by the
author (Siegle et al,, 2014), supplanting a previously found article.
Using these methods, 9 articles were selected for inclusion in the
meta-analysis (Alvarez et al, 2008; Bowie et al., 2013; Calkins
et al, 2014; Elgamal et al., 2007; Lohman et al., 2013; Naismith
et al., 2011; Owens et al., 2013; Segrave et al.,, 2014; Siegle et al.,
2014). Fig. 1 details the selection process. One study contained
patients with a diagnosis of dysthymia (Owens et al., 2013). This
article was retained in an effort to remain inclusive of studies in-
volving CCT in depressed individuals.

Outcome measures were categorized to functional and cagni-
tive domains of Symptom Severity, Daily Functioning, Attention,
Working Memory, Verbal memory, Executive functioning, and
Global Functioning according to guidelines outlined by Lezak et al.
(2012) and Strauss et al. (2006). The ‘Symptom severity' category
included measures of mood and anxiety, such as the Beck De-
pression lnventory. ‘Daily functioning’ was comprised of outcome
measures that assess transfer of training to everyday activities.
These measures assess functions such as social skills, work ability,
and mobility. 'Attention’ contained measures of one's ability to
maintain focus, such as Digit Span Backwards and Trails Making
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Articles retrieved from search

{n=2,938)
Excluded after preliminary review
if duplicate
(n=613}
Titles and abstracts reviewed
(n=2,325)
Excluded because review paper,

not depression, or not cognltive

training paradigm
{n=2,250)

{n=75)

Full text articles reviewed

Added manually

Excluded because not randomized
trial, Insufficient outcome data

(n=1)

reported, comorbid confounds
{n=67)

(n=9}

Articles Included in meta-analysis

Fig. 1, Flowchart of systematic review,

Test Part A. Measures that utilize inhibition, such as the Stroop
test, or verbal fluency, such as the Controlled Oral Word Associa-
tion Test, or task switching, such as Trails Making Test Part B, were
assigned to 'Executive Functioning.' ‘Verbal Memory’ contained
measures of and verbal memory such as the Hopkins Verbal
Learning Test. ‘Warking Memory' was comprised of n-back tasks,
Digit Span Forwards, and the Paced Auditory Serial Addition Task.
Finally, 'Global Functioning’ consisted of measures that assess
comprehensive abilities across a wide range of cognitions
(McLennan and Mathias, 2010). This included the WAIS Verbal and
Performance 1Qs.

Effect sizes were calculated from pre and post means and
standard deviations using Comprehensive Meta-Analysis (CMA)
Version 2. CCT groups were compared to the most comparable
control group. Hedges' g was calculated for each domain and study
to correct for biases resulting from small sample size. When
multiple outcomes under a single domain were reported within a
study, the mean effect size of these measures was used. For in-
stances in which data required for effect size calculations were not
reported in the original articles, we attempted to contact study
authors. When unavailable, pre-post correlations were estimated
to be 0.600. This value was chosen by calculating correlations on
previously obtained neuropsychological testing data. Effects of 0.2,
0.5 and 0.8 were interpreted as small, medium, and large respec-
tively (Cohen, 1988). Standard errors, the Q-index, f tests, and Ny,
were also computed. 2 values of 25%, 50% and 75% were inter-
preted as low, moderate and high, respectively. The diversity of
participant populations and CCT paradigms necessitated the usage
of a random elfects model. Mixed-effects model meta-regression
based on the Q-index was utilized to evaluate the potential impact
of several moderator variables: age, gender, control type (active
(Calkins et al., 2014, Owens et al, 2013; Segrave et al., 2014) or
non-active (Alvarez et al., 2008; Bowie et al, 2013; Elgamal et al.,
2007; Lohman et al, 2013; Naismith et al, 2011; Siegle et al.,
2014}), and concurrent treatment {whether the participants were
taking antidepressants and or undergoing therapy as part of the
study (Alvarez et al., 2008; Bowie et al., 2013; Elgamal et al., 2007;
Naismith et ali, 2011; Segrave et al.,, 2014; Siegle et al., 2014) or not
(Calkins et al., 2014; Lohman et al., 2013; Owens et al., 2013)).

A total of 57 individual measures extracted from nine different
studies were included in this analysis as indicators of domains for
cognition, mood, and everyday functioning. We used the open
variant of the Bayesian Inference Using Gibbs Sampling software
package (OpenBUGS) (Lunn et al., 2000; Spiegelhalter et al., 2000)

to estimate a 3-level meta-analytic model (DuMouchel, 1994;
Sutton and Abrams, 2001) in which observations are nested within
domain (cognition, mood, and everyday function), which in turn
are nested within study. Table 2 reports the domain, effect sizes,
and standard errors of each individual measure and shows the key
elements of the structure of the data analytic model:

I. The design is a 9 (studies) x 7 (domains) factorial. One di-
mension (studies) is random, while the other {domain) is
fixed. Thus, the model is a combination of a fixed and a
random effects model, and is therefore sometimes called a
mixed effects model in meta-analysis.

Because some studies report multiple neuropsychological

measures, these data are not independent, which needs to be

taken into account in the analysis.

Many celis in the design are empty, because not all studies

measured all domains in the analysis.

IV. A large number of missing cells make it difficult to accurately
estimate any potential interactions between studies and do-
mains. The only cells contributing ta such an estimate would
be cells that occur in a pattern of four cells, such that two
studies measure the same two domains, We decided not to
try to estimate this because of the sparseness of the data.

It.

Issues (i) through (iii) can be dealt with by using a hierarchical
linear model, with effect sizes of different domains nested within
studies to take into account the dependence of the outcome data.
As such, the statistical model for estimating domain effect sizes
represented each observed effect size as a sum of three types of
components: (i) an effect due to the specific study (where studies
were considered random effects), (ii) an effect due to the specific
measure used, and (iii) measurement error. Because some domains
were measured in more studies than other domains, and studies
had different sample sizes, the accuracy with which we can esti-
mate each effect (i.e. the standard errors) will be different.

The model can be written as

glil-1normal(mli], slilymli}
= 1b0(studylill + b1*e. symptomii|
+ b2*e, dailyfuntioningli) |+ b3*e. attention|i
+ b4*e, executivefunction|i] + b5*e. verbal memoryli) |
+ b*e, working memorylil + uO{studyiil

where i indexes the 57 observed effect sizes, g[i] is the
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Table 2
Effect sizes for individual measures by study and domain categorization.

Study Nams Outcoms Measurs Domain Hedges' g (3E] Hedgen' g [95% CI)
Back Depression kvertory
Alvarez of al. [2010) Sywgtoen Sevanty 0.94 {0.44)
Avarsz ot ol (2010) e Gobs Functioning 1,31 (0.47) —
Alvarez of ol, (2010) State Anxiety Giobal Functioning 1.75{0.50} P
Avarsz st ol. {2010) Trat Arudaty Symptom Severity 1,35 {0.47) - :
Alvarez ot ol. {2010 Fiancas Task Symptom Seventty 148 (0.48) - d
Bowie st al, (2013) Oy Functisning 013 {B.42} hal
Bowie ot ul. (2013) Tencianing! Aftantion 042 (0.43} -—
Mn:{g::} UFERIFT E:D-::v; Functioning 022(0.42; >
Bowls st al. unctioning 0.19 (0.42 -
Bowis etal (2013) sﬂﬂm assmsmenl o tnctioning 009 (0.42}
Bowie o al. (2013) Beck Depeettion W""‘”" Verbal kismory 1.03 (0.45)
Calking al gl (2014) PANAS 0] Symptom Severity 072 (0.29)
Calling ol al. (2014} B m' F"""m" Symptom Severity 0.49(0.29) ®
Calkins of al_ (2014} Viaual analogue scale- Happy/Sad Symgptom Severity 0.21 (0.28) &
Calkins ol al. (2014) scale- Symptom Severtty 042 [0.28) —_——
Caliing ol ol. (2014) anss Symptom Severity 0.1 (028} &
Elgamal o al. (2007) COVIATIE: » Verbal Flusncy 050 (0.40) iy
Elgamal ol al. (2007} COWAT Semantic Vavbal Fleney 029 (040} =
Elgamal 018, 2007) oot 7 imvmeciate e recat st B Verbal Memory 0.22 [0.40 -
Elgamal #l ol (2007} CVLT Sum f fivs trisis Verbal Memory 0.73 [0.41) -
Elgamal e . {2007 CVLT Long delayed free recalt Vertul Mernory .68 (0.41)
ol ol (2007) VLT Recognition hits Virbal Memary -0.68 (0.41) -
Eigemal et al. (2007} CVLT Shorl delayed cued recall Verbal Memory 059 [0.40) *
Eigemal ot al, (2007) VLT Shorl delayed frew fecs! Yerbal Memory 1.07 (0.42) -
Elgamal o al. (2007) Hamiton B Geale Bympiom Severty 0.23 (0.40) el
Elgemal oi al. (2007) o=t attention west 0.93 (0.42)
Elgamal of al. (2007) """‘”.rﬂh" Y 1.05 {0.42) N
Eroamal o o 2007) T B o 31510 .
Elgamal st al, (2007) "{,,”:smmm, = Working Memory 0.18{0.29) bt
Elgamal of ol. (2007) WAIS Srdarites Exscutive Functioning 0.78 {0.41) °
Lohman et al. (2013} AVLT Recalt Verbal Memory 0.23{0.12) Jo—
Lohman ot o, {2013} AVLT Recogniton Yarhal Memory 0.15{0.11) i B-amy
Lohman st al. (2013) HVLT Reea Verbal Memary 0.15{0.11) —_
Lohwnan ot al. (2013} LT Vrbal Memory 0.02{0.11)
Maismith st al. {2011) DKEFS Soring tomect’ Ezecutive Functioning ~ -0.12 (8.31) —
Halsmith ot ol {2011) DKEFS Swoop E Fi ! 0.48{0.31)
Naismith ot al, {2011) Deprasaion Seais Symptom Eeverty 052 {0.31) -
Naismith st al. {2011) LOGMEM% Varbal Memory 058 (0.31) *
Maismith st al. {2011) LOGUENH Varsal Mamary 473 (030 —Te
Malsmith et al. (2011) RAVLT-15 Verbal Memary +0.80 {0.2) —_— ]
Nalsmith ot ol {2011) RAVLT-T Varbal Memory 024 {0.31)
Maismith o a). {2011) Tralls A 047 {(0.2%) - -
Haismith st ul. {2011) e Executive Functioning  -0.57 {0.31) -
Nalsmith of al. {2011} WOAS Geting along’ Dally Functioning 020 (0.31) P4
Nasismith et at, {2011) MMM‘L Dally Functioning 0.18 {0.31) 1
Mabumith ot al, {2011) WDAS Lifa scthvities Dally Functioning 024 {03y
Malsmith et at. (2011) WDAS Partic Daly Functioning 0.82{0.21) o h
Nasismith st st {2011) ms_ﬂm"""" Dally Funetioning 007 {0.30) -
Maismith st at. (2011} WOAS Understanding Dally Funetioning 0.42(0.21) P
Oweny ot ol, (2013) Back Depratsion Wventary Symptom Severty 0.18{0.52) |
Dwons ot al. (2013) Worting capacty Working Memory 087 (0.54) ]
Segrave ot al. (2014) it fed) Working Memory 0.25{0.45) =
Segrave stal. (2014) s ESeck sonacy, Sympiom Savertty 052 {0.45) bl
Segrava n“d. (2014) P 4 mwm Saverity 0,14 {0.45) - >
Siegle of ol (2007} g Memary 127033}
Siagia ol al, (2007) Adaptica PASAT Symptom Severtty 0.39(0.30) =
BAL] T Tl T raL]
— _ Favoms CG Favors CCT_
'Composits of Symbal Coding Task, & Perl Teat-dentical Pairs Veralon, Controfled Oral Word Association Test and Animal Naming tests, and Tralls Making Test Part A
*Composite of the Latier Numbar Sequoncing Tast, Tralls Making Test Part B, and the Stroop Color-Word tast.
*Longitudinal Interval Follow-up Evaluation Range of Impalred Functioning Tool
= d Oral Word A Tast
'Califomia Varbal Laaming Test

"Detis Kaplan Executive Functioning System
*LOGMEM-I: irta! scors for slores A and B on WMS-Il Logical Mamory leaming trials; LOGMEM®%: per
"World Haalth Orgenization Disabllity Assessment Schadule

rial retalnad at 25-35 delayed recall

ga of story

observed Hedges' g for effect i, s[ i] is the standard ercor of g[i |,
mli] is the true effect size, study[i] is the study in which the effect
gli] is found, and esymptom, e.daily functioning. e.attention, e
executive function, e.verbal memory, and e.working memory are
effects codes indicating the difference between the referenced
domain and the overall average. The u0 term represents the dif-
ference between the estimated individual study effect size and the
actual study effect size. The parameter values in the vector b0
were specified to have a normal distribution with mean mu0 and
variance var0. All the parameters were given vague prior
distributions.

We used OpenBUGS, a Bayesian program, to estimate the
parameters of this model, both because it can handle the com-
plexities of the design and because Bayesian interpretation is
conceptually (though not computationally) simple. A classical
(frequentist) interpretation of the results is also possible for those
who do not prefer Bayesian results; with vague prior distributions

for the parameters, these results are nearly identical. Our inter-
pretation will be made in classical terms, because we presume
readers will be more familiar with these interpretations. The
OpenBUGS code, data, and results for this procedure are re-
produced in Appendix A.

3. Results

Nine studies met criteria for inclusion in our study {Alvarez
et al,, 2008; Bowie et al,, 2013; Calkins et al., 2014; Elgamal et al.,
2007; Lohman et al., 2013; Naismith et al., 2011; Owens et al.,
2013; Segrave et al., 2014; Siegle et al., 2014). Across all studies, the
average participant age was 44.1% and 55.0% were female. There
were no significant differences between the CCT groups and con-
trol groups on the basis of demographics such as age, gender, or
education. Table 1 summarizes demographic information and
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Table 3
Bayesian hierarchical linear mode! estimates of domain effect sizes, standard error (SE) and 95% confidence intervals (Cl).
Domain Hedges'g SE 95% Cl ZValua Hadges' g (85% CI)
Symptom Severity 043 018 007-079 239" —{—
Daily Functloning 0.48 021 008-091 229* —e
Attention 0.67 024 021-115  279° ——t—
Executive Funclioning 0.20 021 -019-063 085 s
Verbal Memory 0.09 018  -0.26 - 047 0.50 —_—i—
Working Memory 0.72 026 022-124 1.23* —_——
Global Functicning 1.05 045 0.14-1.89 233 h
Z00 100 .00 T.00 200
Favors CG Favors CCT
'p<.05
characteristics of the CCT interventions. 4. Discussion

A total of 57 outcome measures were extracted. Mean effect
size estimates, standard errors, 95% confidence intervals, and z-
values for each domain are presented in Table 3. As can be seen
from this table, the mean effect sizes of Symptom Severity (0.43),
Daily Functioning {0.48), Attention (0.67), Working Memory (0.72),
and Global Functioning (1.05) were accurately different from zero;
these effect sizes ranged from small to large. The effect size esti-
mates for Executive Functioning (0.20} and Verbal Memaory (0.08)
were small and statistically non-significant. No study effect size
was accurately different from the average study effect size (see
Table 4).

We used traditional meta-analytic methods to assess hetero-
geneity and moderators of the relationship between CCT and
outcome. There was no evidence of heterogeneity in the effects of
individual measures (@=11.935, p=0.154, [?’=32.968). At the do-
main level, moderate to high heterogeneity was found for Verbal
Memory measures (Q=38.962, p<0.000, F=64.068). Hetero-
geneity was not detected in any other domain. A moderator vari-
able analysis revealed a significant Q-index for age (Qmode1=5.728,
p=0.017, Qresiduas=6.206, p=0.516), with a slope of —0.012 and an
intercept of 0.970 indicating the effect of CCT decreases with age.
Other moderators of interest were not significant [type of control
condition (Q=3.828, p=0.050), concurrent treatment (Q=2.850,
p=0.091), gender (Q=0.117, p=0.732}]. The N analysis found that
618 measures would be necessary to achieve a non-significant
p-value,

Table 4

Individual study ES versus average study ES,
Study by=bo" Standard error 95X Q) z-value
Alvarez et al. (2008} 048 029 =0.01-1.10 1.66
Bowie et al. (2013) =004 021 =047-037 =019
Calkins et al, {2014) =004 020 «044-036 -02

Elgamal et al, (2007} 008 018
Loliman et al. (2013} 004 019

-0.30-043 044
=0,34-040 021

Naismith et al. (201t) =030 018 =070-003 ~167
Owens et al, {2013} =003 027 «{(.60-0.51 -0

Segrave et al, {2014) =040 027 -0.99-006 -148
Siegle et al. {2014) 035 023 -0.25-0.63 065
Average study ES 052 036 0.21-0.83 325

‘p<0D5
* by~bp=difference between individual study ES (average outcome) and aver-
age study ES (average outcome).

The purpose of this meta-analysis was to assess the impact of
CCT on depression; in particular, whether CCT improves depressed
mood, daily functioning, and five domains of cognitive functioning
(attention, executive functioning, verbal memory, working mem-
ory, giobal functioning). The results of our meta-analysis reveal
small to large effects for CCT on depressed mood, daily function-
ing, and three of five cognitive domains assessed (attention,
working memory, and global functioning), suggesting that CCT
may be an effective treatment option for adult depression. Al-
though there was a large effect for Global Functioning, it must be
interpreted with caution as it was based on only two outcome
measures from the same study (Alvarez et al., 2008). In sum, CCT
improved cognition inconsistently.

CCT significantly improved depressed mood; however, the
mechanism by which this occurs is unclear due in part to treat-
ments administered alongside CCT in several studies (Alvarez
et al., 2008; Bowie et al., 2013; Elgamal et al.. 2007; Naismith et al.,
2011; Segrave et al., 2014; Siegle et al., 2014). Participants in these
trials were treated with antidepressants, psychotherapy, or tran-
scranial direct current stimulation either as part of the trial or
were allowed to be on these treatments concurrently from outside
sources. Concurrent treatment, however, did not account for a
significant amount of variance in the results. It is possible that
positive changes in cognitive functioning directly improves mood,
or indirectly by enhancing the elfects of ongoing treatments. We
have recently discussed a model by which cognitive training may
enhance antidepressant response (Motter et al., inpress). Late life
depression often manifests with executive dysfunction and pro-
cessing speed deficits which are associated with poor treatment
response {Manning et al., 2015; Sneed et al., 2010). These impair-
ments are due in part to reduced functioning of the cognitive
control network, a neural pathway that regulates higher-order
cognitive processes (Alexopoulos et al., 2012; Braver and Barch,
2002). CCT targeting processing speed may enhance executive
functioning, strengthen functional connectivity in the cognitive
control network, and in turn, produce improvements in anti-
depressant response.

Executive Functioning and Verbal Memory did not improve
with CCT. Although Verbal Memory was a target in half the stu-
dies, Executive Functioning was targeting in one study during the
last two weeks of the training (Bowie et al., 2013), and for only one
session of psychoeducation in another {(Naismith et al., 2011). As
part of their CCT program, participants in Owens et al. (2013)
completed a dual n-back task, which requires selective attenticn
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and task switching. While executive function ability was trained,
the dual n-back task itself and the four-item outcome measure are
most accurately described as tests of working memory (Salminen
et al, 2012). Similarly, studies that utilized Well's Attention
Training and the Paced Auditory Serial Addition Task (Calkins et al.,
2014; Segrave et al,, 2014) tapped into executive control processes,
but did not use cutcome measures that directly evaluated execu-
tive functioning ability (Strauss et al., 2006). Although we did not
find a significant effect for Executive Functioning, it is premature
to conclude that CCT does not improve Executive functioning,
because it was not targeted in most studies and insufficiently
assessed.

Our analyses revealed that the effect of CCT declines slightly
with age, This does not imply that the aging brain does not im-
prove with CCT, but only that the effects of CCT diminish slightly
with age. There is considerable evidence for neuroplasticity and
cognitive improvement in the aging brain. In a trial of 42 elderly
subjects randomized to 8-week verbal memory training versus
passive control, memory training improved source memory per-
formance and increased regional cortical thickness, Thickness
change in the right fusiform and lateral orbitofrontal cortex cor-
related positively with improvement in memory, suggesting pos-
sible functional significance of the structural changes (Engvig
et al., 2010). Another study tested the effect of 4-week training on
a car racing video game on cognition in 46 elderly subjects. The
game increased in difficulty as subjects gat better. After training,
trained subjects had scores that were higher than that of un-
trained 20-year-olds, and the skill remained six months later
without practice. Certain cognitive abilities that were not specifi-
cally targeted by the game improved and remained improved, e.g.,
working memory and sustained attention (Anguera et al., 2013).
Taken together, CCT appears to be a promising intervention for
older adults despite smaller gains.

4.1. Limitations

The analyses performed in this meta-analysis were limited by
the small number of studies for CCT in depression. Analyses were
also limited by the fact that not all studies measured all outcome
domains; this is a characteristic of many meta-analyses, which our
3-level Bayesian methods take into account. The problem, if tra-
ditional methods are used, is that studies in which more domains
are measured are weighted more than those studies with fewer
domains measured. Our methods, therefore, improves upon pre-
vious meta-analyses. Another limitation is the use of different
diagnostic criteria to define depression, Although heterogeneous
diagnostic samples increase the generalizability of the findings, it
also decreases the specificity with which we can conclude that a
specific treatment or training protocol is beneficial for a specific

group.
4.2. Future directions

There are three critical issues facing CCT: (1) transfer,
(2) teaching to the test, and (3) controlling for motivation and
expectancy. An important question of CCT is whether improve-
ments in cognitive ability transfer to everyday functioning. There
was a moderate effect for Daily Functioning, indicating transfer to
everyday life activities with CCT. Only two studies, however, col-
lected outcome measures that were able to assess this transfer
(Bowie et al, 2013; Naismith et al., 2011) so this finding needs to
be interpreted with caution. Another related concern involves the
similarity between CCT training protocols and outcome measures
leading to the criticism that CCT “teaches to the test.” The pro-
blems surrounding teaching to the test can be mitigated by ad-
ministering a non-adaptive version of the CCT protocol to the

control group. The procedure for both groups is virtually identical
except for the scaling of task difficulty in the CCT group. A final
critical issue facing CCT is controlling for expectancy and motiva-
tion (Rutherford and Roose, 2013). When not accounted for in the
experimental design, expectancy and motivation can contribute to
differential performance between the training and control group.
One way to mitigate this is by incorporating active control pro-
tocols into the study design, in which participants take part in a
task that is equally engaging and comparable with respect to
duration and frequency.

Future analyses should attempt to determine if the effects of
CCT are influenced by depressive severity. It is not understood if
CCT has the same effects for currently symptomatic individuals
compared to those in remission. Additionally, determining optimal
dose and frequency of administration is important before CCT can
be considered a viable intervention for depressed adults. Finally,
understanding whether concurrent psychosacial interventions are
necessary for functional gains must be established in order to best
use CCT as a standalone or adjunctive treatment.

Appendix A. Suplementary Information

Supplementary data associated with this article can be found in
the online version at http://dx.doi.org/10.1016fj jad.2015.09.022.
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