& frontiers

@ Check for updates

OPEN ACCESS

EDITED BY
Lawrence M. Parsons,
The University of Sheffield, United Kingdom

REVIEWED BY
Maria Semkovska,

University of Southern Denmark, Denmark
Valentina Cesari,

IMT School for Advanced Studies Lucca, Italy

*CORRESPONDENCE
Patric Muschner
patric. muschner@uni-wh.de
Lena Goldschmidt
lena.goldschmidt@uni-wh.de

These authors have contributed equally to
this work and share first authorship

RECEIVED 14 February 2025
ACCEPTED 29 July 2025
PUBLISHED 13 August 2025

CITATION

Muschner P, Goldschmidt L, Gréning LS,
Willmund G-D and Piefke M (2025) Limited
and inconclusive effects of computer-based
neurocognitive training on PTSD, comorbid
depression and executive functioning: a
systematic review and meta-analysis.

Front. Psychol. 16:1577026.

doi: 10.3389/fpsyg.2025.1577026

COPYRIGHT

© 2025 Muschner, Goldschmidt, Gréning,
Willmund and Piefke. This is an open-access
article distributed under the terms of the
Creative Commons Attribution License

(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Psychology

Frontiers in Psychology

TYPE Systematic Review
PUBLISHED 13 August 2025
pol 10.3389/fpsyg.2025.1577026

Limited and inconclusive effects
of computer-based
neurocognitive training on PTSD,
comorbid depression and
executive functioning: a
systematic review and
meta-analysis
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Gerd-Dieter Willmund? and Martina Piefke?!

!Neurobiology and Genetics of Behavior, Department of Psychology and Psychotherapy, Witten/
Herdecke University, Witten, Germany, 2Department of Psychiatry, Psychotherapy, German Armed
Forces Hospital, Berlin, Germany

Patients with posttraumatic stress disorder (PTSD) and comorbid depression often
experience neurocognitive deficits. While computer-based neurocognitive training
(c-bnt) has shown benefits in primary depression, its efficacy for PTSD remains
unclear. This meta-analysis evaluated the impact of c-bnt on PTSD severity, comorbid
depression, and neurocognitive functions. A systematic review following PRISMA
guidelines was conducted across databases (PsycINFO, PubMed, Scopus, PubPsych)
from February to June 2025, focusing on randomized controlled trials (RCTs)
involving PTSD and c-bnt. Bias risk was assessed using the revised Cochrane Risk-
of-Bias Tool, and effect sizes were calculated with Cohen’s d. Heterogeneity was
measured using /2. The review, registered with PROSPERO (CRD42023444417),
included eight studies, with five providing meta-analyses data (n = 221). Although
c-bnt led to a small reduction (d = —0.21) on PTSD symptoms, this effect was
not statistically significant (p = 0.31). Comorbid depression showed inconsistent
improvements, with no significant overall effect (d = —0.10). A systematic review
of neurocognitive functions, covering six studies (n = 220), showed mixed results
for cognitive flexibility and working memory, but no significant improvements
in inhibition. These findings suggest that c-bnt may contribute to reductions in
PTSD symptoms and potentially benefit comorbid depression and neurocognitive
functions, particularly working memory and cognitive flexibility. However, the
small number of studies, moderate heterogeneity, and methodological diversity
highlight the need for further research. C-bnt is a potentially promising, cost-
effective treatment that warrants exploration as an adjunctive therapy for PTSD.
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1 Introduction

Post-traumatic stress disorder (PTSD) is a mental disorder that
can develop after exposure to traumatic events, defined as actual or
threatened death, serious injury, or sexual violence. These events can
occur directly, indirectly, or by witnessing them (American Psychiatric
Association et al, 2015). Key symptoms of PTSD include
re-experiencing the trauma, avoidance behaviors, negative changes in
thoughts and mood, and alterations in arousal and reactivity
(American Psychiatric Association et al., 2015). In the U. S., the
lifetime prevalence of PTSD ranges from 3.4 to 26.9% in civilians and
from 7.7 to 17.0% in military populations (Schein et al., 2021). A
dissociative subtype was established in DMS-5 (Brewin et al., 2025).
This subtype includes symptoms of depersonalization and
derealization and is often associated with stronger and more complex
symptom severity (Jarkas et al., 2025; Wolf et al., 2016). These
differences to PTSD are also reflected in altered neurobiological
activation and connectivity patterns (Jarkas et al., 2025). While PTSD
is characterized by emotional undermodulation, the dissociative
subtype is characterized by emotional overmodulation (Nicholson
et al.,, 2017). In addition, treatment success can be more difficult
(Jarkas et al., 2025). Studies suggest that the subtype is common in
veterans and people who have experienced child abuse or neglect
(Jarkas et al., 2025). In ICD-11, complex PTSD (C-PTSD) was added
as a distinct diagnosis (Organization WH, 2022). In addition to the
three symptom clusters of PTSD, it includes symptoms that can
be summarized as “disturbance in self-organization,” i.e., impairments
in affect regulation, a negative self-concept, and interpersonal
disturbances (Brewin et al., 2025). Affected individuals have
experienced multiple traumatic events or have been exposed to a
traumatic event repeatedly or over a prolonged period (Organization
WH, 2022). According to studies, patients with C-PTSD report more
functional limitations (Brewin et al., 2025).

According to the national S3 guideline of the German Society of
Psychotraumatology (DeGPT) for the treatment of PTSD, trauma-
focused psychotherapy like Cognitive Behavioral Therapy with trauma
focus (CBT-T) and Eye Movement Desensitization and Reprocessing
Therapy (EMDR) are the reccommended measures for evidence-based
treatment (Schifer et al., 2019). This is in line with results of a recent
meta-analysis (Lewis et al., 2020). Psychopharmacotherapy should not
be used as first-line treatment (Schifer et al., 2019), as medications
such as fluoxetine, paroxetine, and venlafaxine have demonstrated
only small effects (Hoskins et al., 2015).

Cognitive deficits are commonly associated with PTSD, but are
often not addressed in trauma therapy (Aupperle et al., 2012; Polak
etal, 2012), although is also a predictor of poorer treatment outcome
(Fonzo et al,, 2019). Psychological trauma can lead to severe and
persistent impairments in prospective and retrospective memory, as
well as in executive functions (EF) (Polak et al., 2012; Glienke et al,,
2017). EF compromises three main cognitive processes: Cognitive
flexibility (CF) (the ability to switch between different tasks), working
memory (WM), including its limited working memory capacity
(WMC) (the ability to store and manipulate relevant information),
and inhibition (the ability to control non-goal-directed impulses)
(Constantinidis and Klingberg, 2016; Kim et al., 2017).

Research suggests a strong link between the neurobiological basis
of cognitive impairments and PTSD core symptoms (Aupperle et al,,
2012). PTSD is associated with morphological and functional changes
in specific brain regions, particularly the hippocampus, amygdala, and
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prefrontal cortex (Patel et al., 2012). These regions are known to
be involved in memory and higher cognitive functions (Glienke et al.,
2017). Cognitive impairments may contribute to the development and
persistence of PTSD symptoms, and thus represents an important
aspect of effective treatment (Popescu et al., 2023).

Post-traumatic stress disorder is associated with a high risk of
comorbid disorders such as depression and anxiety (Frommberger et al,,
20145 Illes and Uhl, 2016; Hoppen and Morina, 2019). According to the
DSM-5, depression is characterized by persistent depressed mood, loss
of interest or pleasure in most activities and fatigue. Other symptoms
include cognitive deficits (e.g., lack of attention and concentration) and
psychomotor agitation or retardation (American Psychiatric
Association et al, 2015). Some evidence suggests that the EF
impairments in PTSD may be partly explained by comorbid depressive
symptoms, which could act as a mediator for neurocognitive deficits
(OIff et al., 2014). However, it is unclear whether the co-occurring
depression is an independent disorder or whether it could be a marker
that indicates the severity of the symptoms of PTSD (Post et al., 2011).
Previous research suggests that military personnel, as compared to
civilian samples, are at increased risk of developing depression and
PTSD (Rytwinski et al,, 2013).

Meta-analyses have confirmed the effectiveness of computer-
based cognitive training in improving both depressive symptoms
(reduction in symptom severity) and cognitive functions
(enhancement in WM, attention and general cognitive performance)

(Motter et al., 2016).

1.1 Research question and hypotheses

While evidence-based treatments such as CPT-T or prolonged
exposure therapy are effective in reducing symptoms in many patients,
20-50% of treated patients with PTSD do not show complete
remission of symptoms (Bomyea et al., 2015; Clausen et al., 2019).
Study results indicate that computer-based neurocognitive training
(c-bnt) can be a promising and feasible option to support
psychotherapy (Bomyea et al., 2015; Clausen et al., 2019).

In addition to improving executive functioning, c-bnt may reduce
symptoms of PTSD and depression (Bomyea et al., 2015; Clausen et al.,
2019; Badura-Brack et al., 2015; Echiverri-Cohen et al., 2021). Impaired
cognitive flexibility (CF), attentional switching, and response inhibition
are often experienced by patients with PTSD. The literature shows a
connection between these impairments and difficulty detaching from
salient stimuli experienced by patients with PTSD (Ben-Zion et al.,
2018). Training CF, attentional switching and response inhibition can
lead to the activation of neuronal plasticity, which can be associated
with a functional and behavioral change (Ben-Zion et al, 2018).
Bomyea, Stein (Bomyea et al., 2015) demonstrated a reduction in
re-experiencing symptoms after c-bnt. Studies suggest that the
persistence of intrusions and re-experiencing is due to ineffective use of
executive functions. Inhibition training can lead to an improvement in
WMC and thus also to a reduction in symptoms (Bomyea et al., 2015).
Impairments in response inhibition have been identified as a predictor
of poorer symptom remission in patients with post-traumatic stress
(Echiverri-Cohen et al., 2021). Studies suggest that impaired response
inhibition represents a general deficit in PTSD, contributing to
dysfunctional threat processing and the maintenance of symptoms
(Aupperle et al., 20125 Echiverri-Cohen et al, 2021). A targeted
inhibition-based c-bnt can cause both neural and behavioral alterations.
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In addition to improving response inhibition, it may also contribute to
symptom reduction (Echiverri-Cohen et al., 2021). Although studies
have shown c-bnt training to be a promising adjuvant therapy, only a
few have investigated its effectiveness for patients with PTSD. The
results and designs of these studies are heterogeneous. This meta-
analysis and systematic review aim to present and examine the state of
the art systematically. The objective of this meta-analysis and review was
to investigate whether computer-based neurocognitive training (c-bnt)
can improve the severity of PTSD symptoms, comorbid depression and
associated deficits in EFs. This led to the following three hypotheses:

1. c-bnt reduces the severity of PTSD symptoms (total score),
2. c-bnt alleviates depressive symptoms (total score),
3. c-bnt enhances CE WMGC, and inhibition.

2 Methods
2.1 Eligibility criteria and search procedure

For this systematic review and meta-analysis, studies had to
be published in English in a peer-reviewed journal and focus on adults
(aged > 18 years), whether civilians or military servicemember,
affected by PTSD and other deployment-related psychiatric disorders
such as depression or anxiety disorder. Inclusion criteria required
studies to be RCTs and to involve c-bnt. The search was conducted
across the databases PsycINFO, PubMed, Scopus, and PubPsych and
was conducted from February Ist, 2023, to June 30st, 2025.
Additionally, cross-references from selected studies were reviewed.
The electronic search term was: TT = [(PTSD OR “posttraumatic stress
disorder” OR “post-traumatic stress disorder” OR “combat PTSD”)
AND (attention OR learning OR memory OR inhibition OR cognition
OR “computer-based”) AND (intervention OR training)]. The
inclusion and search strategy were guided by the PICOS framework:
Population - adults diagnosed with PTSD (with or without comorbid
depression); Intervention - computer-based neurocognitive training;
Comparison — control groups such as waitlist, placebo or active
control conditions; Outcomes — PTSD symptom severity, depressive
symptoms, executive functions (e.g., cognitive flexibility, working
memory, inhibition); Study design -RCTs.

2.2 Study selection

Two reviewers screened studies for eligibility, with disagreements
resolved by a third reviewer whose decision was final. Records of all
screened studies, including reasons for inclusion and exclusion, were
maintained. Cross-references from selected studies were also reviewed
by the same two reviewers to identify additional studies. All duplicate
records identified through the database search were reviewed and
removed manually by visual inspection of titles, authors, and
publication details.

2.3 Data collection and analysis

Selected studies were randomly assigned to three researchers for
detailed analysis. Data was systematically extracted, including
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information on subjects, diagnoses, and neurocognitive assessments,
types of c-bnt, and recorded measures. Data availability was checked,
and for studies with relevant missing data, the authors were contacted.

2.4 Risk of bias

The risk of bias for all included studies was assessed using the
revised Cochrane Risk-of-Bias Tool for Randomized Trials (RoB2)
(Sterne et al., 2019). This tool evaluates five domains: randomization
process, deviations from the intended interventions, missing outcome
data, measurement of the outcomes, and selection of reported results.
Each study’s overall risk of bias was determined from these domains.
Quality assessment was performed by two reviewers, with
disagreements resolved by a third reviewer.

2.5 Publication bias

Given the small number of studies included in the meta-analyses
(n =5), we did not apply formal statistical tests for publication bias
such as the Egger test, as such methods are not recommended when
fewer than 10 studies are available due to low statistical (Sterne
etal., 2011).

2.6 Summary of measures and synthesis of
results

We conducted two separate meta-analyses: Analysis 1 examined
the effect of c-bnt on PTSD symptom severity, and Analysis 2 focused
on its effect on depressive symptoms. A third outcome domain,
executive functioning, was analyzed descriptively as part of a
systematic review, as the available data did not allow for meta-analytic
pooling. Sample sizes, mean values, and standard deviations were
extracted to calculate Cohen’s d effect sizes (Cohen, 1988). Statistical
analyses were conducted using IBM SPSS Statistics 29 (IBM Corp.
Armonk, NY), applying random effects models, restricted maximum
likelihood estimations (REML), and Knapp-Hartung standard error
adjustments. Heterogeneity of effect sizes was assessed using Q-tests
and I* statistics, with the following interpretation: low (~25%),
moderate (~50%), and high (~75%) (Higgins et al., 2003).

2.7 Registration
The meta-analysis and systematic review were registered with
PROSPERO (https://www.crd.york.ac.uk/prospero/, registration-ID:

CRD42023444417). The Prisma guidelines were used to conduct the
meta-analysis and systematic review.

3 Results
3.1 Study selection

The PRISMA Flow Diagram (Figure 1) illustrates the search and
selection process (Page et al., 2021). A total of 136 records were
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identified through database searches. After removing duplicates, 49
abstracts were screened. Of these, 36 studies were assessed in full, 31
were excluded based on eligibility criteria. Additionally, 21 records
were identified through reference lists, but 18 of these also did not
meet the eligibility criteria. Consequently, 8 studies were included in
the systematic review. Due to insufficient data availability, only five
studies were included in the meta-analysis.

3.2 Study characteristics

The selected studies included participants from different
groups: civilians (Bomyea et al., 2015; Echiverri-Cohen et al.,, 20215
Ben-Zion et al., 2018), active military servicemembers (Kuckertz
etal, 2014) and veterans (Fonzo et al., 2019; Clausen et al.,, 2019;
Larsen et al., 2019; Bomyea et al,, 2025). All included studies were
RCTs. The neurocognitive training interventions varied across all
studies. Detailed characteristics of the studies are summarized in
Table 1.

3.3 Risk of bias

The risk of bias was assessed using the Cochrane Risk-of-Bias
Tool for Randomized Trials (RoB2) (Higgins et al., 2019). The analysis
of the randomization process indicated a low risk of bias in seven
studies (Fonzo et al., 2019; Bomyea et al., 2015; Clausen et al., 2019;

10.3389/fpsyg.2025.1577026

Ben-Zion et al., 2018; Kuckertz et al., 2014; Larsen et al., 2019;
Bomyea et al., 2025). Deviations from intended interventions showed
a low risk in five studies (Clausen et al., 2019; Echiverri-Cohen et al.,
2021; Ben-Zion et al., 2018; Kuckertz et al., 2014; Bomyea et al., 2025),
while Bomyea et al. (2015), Fonzo et al. (2019), and Larsen et al.
(2019) raised some concerns at this level. For missing outcome data,
Bomyea et al. (2015), Bomyea et al. (2025), Fonzo et al. (2019),
Kuckertzetal. (2014), and Larsen et al. (2019) were assessed as having
a low risk of bias. However, concerns were noted in the studies by
Echiverri-Cohen et al. (2021), Ben-Zion et al. (2018), and Clausen
et al. (2019). Regarding outcome measurement, only Fonzo et al.
(2019) raised some concerns, while the other seven studies had a
low risk.

In terms of the selection of reported results, Clausen et al. (2019)
demonstrated a high risk of bias, whereas the other studies showed
some concerns. Overall, the risk of bias analysis concluded that studies
by Bomyea et al. (2015), Bomyea et al. (2025), Echiverri-Cohen et al.
(2021), Fonzo et al. (2019), Clausen et al. (2019), and Larsen et al.
(2019) had some concerns, while Ben-Zion et al. (2018) and Kuckertz
et al. (2014) had an overall low risk of bias. An overview of these
results is presented in Figure 2.

3.4 Publication bias

Due to the inclusion of only 8 studies in our meta-analysis, it was
not possible to evaluate publication bias.

[ Identification of studies via datab and regi ] [ Identification of studies via other methods ]
Records identified from
databases (N = 136
-PsycINFO((n = 38)) ?:::fi:gr:smoved before. Re_cords identified via references
-PubMed (n = 30) > Duplicate records removed (n=21)
-Scopus (n = 50) (n=87)
-PubPsych (n = 18)
v
"\
Records screened Records excluded
(n = 49) "l (n=13)
v v
Reports sought for retrieval | Reports not retrieved Reports sought for retrieval Reports not retrieved
) (n=36) 1 (n=0) (n=21) —*| (n=0)
i ' '
Reports assessed for eligibilit Reports excluded: iqibili Reports excluded:
(n 50 36) o L —————p  No neurocognitive focus or (Rnego;:s; assessed for,eligloity, — No neurocognitive focus or
training (n = 14) training (n = 3)
No RCT (n = 5) No RCT (n = 5)
Intervention not computer based Intervention not computer
(n=5) based (n =9)
Additional disorder (n = 6) Age of the sample (n = 1)
= Insufficient data (n = 1)
v
e
Studies included in review
2 (n=8)
s «
E Studies included in analysis due W identification
:: ':SSI;fﬁC'e"l data screening process
included studies
B excluded studies
FIGURE 1
Prisma flow diagram.
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TABLE 1 Study characteristics.

Participants

Depression scale

Executive functioning
scale

Training program; length
and frequency

Control condition

Main results

Ben-Zion et al. (2018) Civilians CAPS - Trail Making Test-B Go/No-Go- | Executive function training Game tasks No significant reduction
Task (Lumosity™) and emotional bias Reading task in PTSD symptoms;
training (MyBrainSolutions); 30 days Significant improvement
with daily 30 min sessions in CF
Bomyea et al. (2015) Civilians CAPS BDI-II OSPAN High interference control training; Low interference control Significant reduction on
4 weeks with two 30 min sessions a training symptoms of re-
week experience (PTSD) and
depressive symptoms;
Significant improvement
WMC
Bomyea et al. (2025) Veterans CAPS-5 - - High interference control training; Low interference control No significant reduction
PCL-5 8 weeks with two 30 min sessions a training in PTSD symptoms
week
Clausen et al. (2019) Veterans PCL-M BDI-II Trail Making Test-B Executive function training Placebo training (Puzzles, Reduction in PTSD and
(Lumosity™); 6 weeks with 30 min crosswords, hangman etc.) | depressive symptoms; No
sessions five times a week improvement CF
Echiverri-Cohen et al. Civilians PDS QIDS-SR16 Go/No-Go-Task Response Inhibition Training (RIT); Waitlist Reduction in PTSD
(2021) Stop-Signal-Task 2 days with 3 h sessions a day symptoms;
No reduction in depressive
symptoms;
No improvement in
trained inhibition task, but
significant improvement
in untrained inhibition
transfer task
Fonzo et al. (2019) Veterans and civilians PCL BDI Trail Making Test-B Game-like tasks: selective attention, Computer games that did No significant reduction
CAPS Go/No-Go-Task working memory, task shifting, not train specific cognitive | in PTSD symptoms;
processing speed, positive emotion function Chances in depressive
recognition/resisting negative symptoms not reported;
emotion distraction; 45 days with No improvement in CF or
daily sessions of 35-45 min inhibition
Kuckertz et al. (2014) Active PCL-M BDI-II - Attention Bias Modification (ABM); Attention control condition | Significant reduction in
soldiers 2 weeks with daily sessions (no (ACC) PTSD and depression
specified time) symptoms
Larsen et al. (2019) Veterans PCL-5 DASS-D OSPAN Emotional working memory training | Emotional working Reduction in PTSD
RSPAN (n-back) 5 weeks with 15 sessions of | memory training (1-back) symptoms;
SSPAN 20 min No significant reduction

in depressive symptoms;

No improvement in WMC

‘le 1o Jauyashiy

920/£/51°'5202 BAsdy/6855 0T
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3.5 Results of individual studies and
synthesis of results

3.51PTSD

The studies of Kuckertz et al. (2014), Larsen et al. (2019),
Echiverri-Cohen et al. (2021), Bomyea et al. (2015), and Bomyea et al.
(2025) were included in Analysis 1, which examined the influence of
neurocognitive training on PTSD symptoms (see Table 2 for means
and standard deviations). Studies by Ben-Zion et al. (2018), Clausen
et al. (2019), and Fonzo et al. (2019) were excluded due to
insufficient data.

All included studies reported improvements in PTSD symptom
severity in the training group, although the extent of improvement
varied. Ben-Zion et al. (2018) observed a more pronounced benefit
for the training group compared to the control group. Bomyea et al.
(2015) found that the training group had significantly lower scores
on symptoms of re-experiencing, but no differences were reported in
other types of PTSD symptoms. Clausen et al. (2019) and Larsen et al.
(2019) noted improvements in PTSD symptoms in both groups post-
training. Echiverri-Cohen et al. (2021) reported a reduction in PTSD
symptoms from pre- to post-training in the training group, while
symptoms in the waitlist condition increased. However, group
differences in PTSD severity were significant at pre-training but not
at post-training (due to unmatched groups), but not at post-training.
Kuckertz et al. (2014) found a significant reduction in PTSD
symptoms in the training group after completion of the training.
Fonzo et al. (2019) did not observe any significant training-related
changes, although there was a trend toward improvement,
particularly in re-experiencing symptoms. Similarly, Bomyea et al.
(2025) observed reductions in PTSD symptoms in both groups,
although no significant differences between the training conditions
emerged post-treatment. According to Cohen (1988), Analysis 1
revealed a small effect size (d = —0.21, 95% CI [—0.72, 0.30]; see
Figure 3); however, this effect was not statistically significant
(p = 0.31), indicating no reliable reduction in PTSD symptoms across

10.3389/fpsyg.2025.1577026

studies. The heterogeneity test indicated moderate heterogeneity
(Q=6.94,p=0.14, P = 42.4%).

3.5.2 Depression

In Analysis 2, which examined the influence of neurocognitive
training on depressive symptoms, the studies Kuckertz et al. (2014),
Larsen et al. (2019), Echiverri-Cohen et al. (2021), and Bomyea et al.
(2015) were included (for means and standard deviations see Table 3).
The results across the studies varied. Some reported improvements in
the severity of depressive symptoms in the training group, while
others found no significant changes.

Bomyea et al. (2015) observed reductions in depressive
symptoms in both training and control groups. Similarly, Echiverri-
Cohen et al. (2021) found no significant changes pre- and post-
training in either group. On the other hand, Kuckertz et al. (2014)
reported a significant reduction in depressive symptoms in the
training group following completion of the intervention. In
contrast, Larsen et al. (2019) found no significant changes in
depressive symptoms in either group. Although Clausen et al.
(2019) reported an improvement in depressive symptoms after
completion of the training, their data was unavailable for inclusion
in our analysis. Fonzo et al. (2019) also assessed depressive
symptoms, but did not report the relevant results. Overall, Analysis
2 showed no significant effect of neurocognitive training on
depressive symptoms according to Cohen (1988) (d = —0.10, 95%
CI [-0.75, 0.55]; see Figure 3). The heterogeneity test indicated
moderate variability between the studies (Q =4.28, p =0.233,
P = 32.4%).

3.5.3 Executive functioning

The studies by Ben-Zion et al. (2018), Bomyea et al. (2015),
Clausen et al. (2019), Fonzo et al. (2019), Echiverri-Cohen et al.
(2021), and Larsen et al. (2019) were analyzed to address the
hypothesis of whether c-bnt improves EE. The primary EF components
targeted were CF, inhibition, and (WMC). The Trail Making Test B

Study ID D1 D2 D3 D4

Bomyea et al. (2015)

Enchiverri-Cohen et al.
(2021)

Ben-Zion et al. (2018)
Fonzo et al. (2019)
Clausen et al. (2019)
Kuckertz et al. (2014)

Larsen et al. (2019)

Bomyea et al. (2025)

FIGURE 2
Risk of bias.

Low risk

Some concerns |

| High risk .
. D1 Randomization process
: D2 Deviations from the intended
) interventions
D3 Missing outcome data

D4 Measurement of the outcome

D5 Selection of the reported result
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TABLE 2 Descriptive statistics for PTSD.

10.3389/fpsyg.2025.1577026

EG
M SD
Bomyea et al. (2015) 22 45.32 19.92 20 58.50 18.61
Echiverri-Cohen et al. (2021) 24 34.38 15.04* 25 37.76 18.90*
Kuckertz et al. (2014) 12 42.83 12.04 17 51.65 14.72
Larsen et al. (2019) 10 40.90 12.11 10 38.00 13.56
Bomyea et al. (2025) 42 28.34 13.60 39 26.29 14.00

EG = experimental group; CG = control group; n = sample size; M = mean; SD = standard deviation. *Calculated from standard error.
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(TMT-B), Go/No-Go task, and the Operation Span Task (OSPAN)
were used as appropriate measures of these domains. Due to
inconsistent availability of data across studies, a statistical comparison
of the test variables (TMT-B, Go/No-Go task, and OSPAN) for meta-
analysis was not feasible. Therefore, the results regarding EF
improvements are summarized in a systematic review.

In Ben-Zion et al. (2018), CF (TMT-B) improved in the
intervention group following neuropsychological intervention.
Clausen et al. (2019) used different neuropsychological tests to
calculate two global average scores: executive functioning and
neuropsychological functioning. Neither global score, including
TMT-B, showed significant improvement.

In Fonzo et al. (2019), results for CF (TMT-B) and inhibition (Go/
No-Go task) are not reported in the main findings, and
Supplementary data indicated no improvement in either domain
after training.

Echiverri-Cohen et al. (2021) assessed response inhibition using
two tests, comparing the effects of response inhibition training on
both trained and untrained transfer tasks (Go/No-Go task and Stop
Signal task). While there was no improvement in the trained modified
Go/No-go task, response inhibition in the untrained Stop Signal task
improved after training.

Bomyea et al. (2015) reported a significant improvement in WMC
capacity (OSPAN) in the intervention group post-training. In contrast,
Larsen et al. (2019) found no significant differences in WMC (OSPAN)
between the intervention and control group after n-back training.
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4 Discussion

In this study, we examined the effects of c-bnt as an adjuvant
treatment of PTSD in adults. We assessed three key variables: PTSD,
depressive symptomatology, and neurocognitive functioning. A total of
eight studies were included in the systematic review, with five providing
sufficient data for the Meta-Analysis 1 (effects on PTSD symptoms) and
Meta-Analysis 2 (effects on depressive symptoms). Six studies were
examined regarding their impact on cognitive flexibility, inhibition, and
working memory capacity. However, due to incomplete reporting and
considerable variation in outcome measures, a meta-analytic synthesis
was not feasible. This is the first meta-analysis to examine the efficacy of
c-bnt on PTSD with comorbid depression, providing pioneering insights
that can guide further research. Notably, this meta-analysis does not
only focus on clinical symptoms, but also closely examines the broad
spectrum of neurocognitive functions associated with PTSD. While a
small to medium reduction in overall PTSD symptom severity was
observed in the meta-analysis, the effect was not statistically significant
and should therefore be interpreted cautiously. For the first time,
we observed a reduction in PTSD symptom severity in patients
undergoing c-bnt. In some studies, improvements were also reported in
the control groups, which may be attributable to non-specific effects,
active control interventions, or concurrent treatments. These findings
highlight the need for carefully designed control conditions in future
research. Regarding comorbid depressive symptoms, there was a
non-significant trend toward symptom improvement, which may

frontiersin.org


https://doi.org/10.3389/fpsyg.2025.1577026
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Muschner et al.

TABLE 3 Descriptive statistics for depression.

10.3389/fpsyg.2025.1577026

Bomyea et al. (2015) 22 20.36 14.76 20 25.05 12.91
Echiverri-Cohen et al. (2021) 24 13.85 6.07* 25 12.03 6.10%
Kuckertz et al. (2014) 12 14.67 9.61 17 22.07 14.90
Larsen et al. (2019) 10 21.33 12.17 10 19.80 9.31

EG = experimental group; CG = control group; n = sample size; M = mean; SD = standard deviation; *calculated from standard error.

B Effect size for studies
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indicate potential effects that require confirmation in larger samples. In
addition, a systematic review was conducted to explore the efficacy of
c-bnt on three neurocognitive domains commonly impaired in in PTSD:
CE inhibition, and WMC. While improvements in CF and WMC were
observed following c-bnt, the results were inconsistent due to
methodological differences across studies. For inhibition, no significant
improvement was found, though a transfer effect was observed.

4.1 PTSD

Meta-analysis 1 indicated a small reduction in PTSD symptoms
following neurocognitive training, although this effect did not reach
statistical significance. While the direction of the effect was not
consistently negative across studies, the wide confidence interval and
non-significant result do not support a reliable effect of c-bnt on PTSD
symptoms at this stage. All eight studies included in the analysis
reported a reduction in PTSD symptom severity in the training group,
although the magnitude and consistency of effects varied. Some
studies showed statistically significant improvements, while others
only revealed trends or no group differences. This finding is notable
given the substantial variability in subjects, psychotherapeutic
treatments, and neurocognitive training protocols across the reviewed
studies. Subjects were active military servicemembers, veterans,
civilians, with male or female gender and with different types of
trauma, ranging from sexual trauma to combat trauma. These
differences likely influence the severity of PTSD symptoms and the
effectiveness on trauma treatments. Research indicates that sexual

Frontiers in Psychology

trauma is associated with greater symptom severity compared to other
trauma types (Jakob et al., 2017). Combat trauma is often linked with
increased re-experiencing and hyperarousal, whereas sexual trauma
is more closely associated with avoidance and negative cognitions
(Guina et al., 2018).

Another potentially influential factor is the state of PTSD
chronification. Only two studies provided information on whether the
PTSD was acute or chronic (Fonzo et al., 2019; Ben-Zion et al., 2018),
leaving the chronification status unclear in the remaining studies. This
variability makes it difficult to rule out a heterogeneous distribution.
According to McGorry et al. (2006), early interventions may have a
better prognosis regarding effectiveness and progression in PTSD
treatment. Optimizing neurocognitive training to address the specific
needs of different patient groups could potentially enhance
its effectiveness.

Some studies included in this review also involved heterogeneous
psychopharmacological treatments and/or psychotherapy parallel
with c-bnt. Kuckertz et al. (2014) and Larsen et al. (2019) administered
concurrent psychological treatment and pharmacotherapy in both the
experimental and control groups, leading to significant improvements
in PTSD symptoms (PCL score) in both groups. However, both
conditions in these studies were highly similar. Larsen et al. (2019)
who report that both groups improved significantly, stated themselves
that the control condition was equivalent to an intervention, and study
participants of both the experimental and the control group
subjectively judged the tasks as challenging. In contrast, Echiverri-
Cohen et al. (2021) used a waiting group as a control, where PTSD
symptoms increased compared to the training group, which showed
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a decrease in symptoms from pre- to post-training. Similarly, Bomyea
et al. (2025) found reductions in PTSD symptoms in both training
groups, but no significant differences between high and low
interference conditions at post-treatment. To better assess the effects
attributable to neurocognitive training, more distinct control
conditions are needed. Previous meta-analyses have not yet
demonstrated improved outcomes for PTSD patients through the
combination of psychotherapy and pharmacotherapy (Hetrick et al.,
2010). Future studies with larger samples sizes and more homogeneous
patient groups - regarding trauma, chronification and comorbid
disorders—are necessary. We assume that well conceptualized c-bnt,
when combined with psychotherapy and individually tailored
pharmacotherapy, could lead to symptom improvement. For example,
noradrenergic antidepressants might improve sleep in patients with
comorbid insomnia, thereby improving cognitive resources needed to
benefit from combined neurocognitive training and trauma therapy.

C-bnt programs varied significantly in content, duration, and
targeted cognitive functions. Larsen et al. (2019), Clausen et al. (2019),
Fonzo et al. (2019), Ben-Zion et al. (2018), and Bomyea et al. (2015)
focused on WM. Inhibition capacities were targeted by Echiverri-
Cohen et al. (2021), Clausen et al. (2019), and Ben-Zion et al. (2018),
while attention was the focus of Fonzo et al. (2019), and Kuckertz et al.
(2014). In addition, the duration of training sessions varied widely,
from as short as 2 days (Echiverri-Cohen et al., 2021) to as long as
6 weeks (Clausen et al., 2019), with session lengths ranging from
20 min (Larsen et al., 2019) to 3 h (Echiverri-Cohen et al.,, 2021), and
frequencies from twice a week (Bomyea et al., 2015) to daily (Kuckertz
etal., 2014).

Lampit et al. (2014) demonstrated in their meta-analysis that
training sessions conducted more than three times a week did not
show significant effects. They also indicated that computer-based
cognitive training sessions should last longer than 30 min to
be effective. We agree with the Lampit, HallocK’s (Page et al., 2021)
main findings and suggest that extending the duration of c-bnt could
potentially yield more sustainable results. However, the stability of
training effects and the transferability of trained cognitive tasks to
untrained cognitive everyday challenges still remain a matter of
debate. Further research and long-term studies with follow-ups are
needed to gain more insights into these central issues.

Studies that integrated affective and cognitive elements into their
training programs have demonstrated a significant reduction in
symptoms in pre-post study designs (Kuckertz et al., 2014; Larsen
et al., 2019). Larsen et al. (2019) trained with an emotional n-back
task, while Kuckertz et al. (2014) used trauma-triggering words in
their attentional bias modification (ABM). The effects combining
cognitive and affective elements warrant further investigations. Future
research could benefit from including both a control group and two
experimental groups: one receiving solely cognitive training and the
other receiving training that integrates both cognitive and affective
components. Although the studies are heterogeneous in terms of the
above-discussed points, our updated meta-analysis indicates moderate
statistical heterogeneity of training effects on PTSD. These findings
reflect inconsistent results across studies and suggest that the
effectiveness of c-bnt in reducing PTSD symptoms remains uncertain.
Given the ease of implementation, flexibility, cost-effectiveness, and
the potential positive impact of c-bnt, we recommend further
investigating c-bnt as a potential complementary approach in the
treatment of PTSD.

Frontiers in Psychology

10.3389/fpsyg.2025.1577026

4.2 Depression

Meta-analysis 2 found that neurocognitive training had no
statistically significant effect on comorbid depressive symptoms in
patients with PTSD, but there was a tendency toward improvement
(Bomyea et al., 2015; Echiverri-Cohen et al., 2021; Kuckertz et al.,
2014; Larsen et al., 2019).

Rock et al. (2014), in their meta-analysis, reported that individuals
with depression exhibit moderate cognitive deficits in EF and
attention, and these deficits often persist even after the depressive
symptoms subside. This emphasizes the need for neurocognitive
training in depressive patients. Although our meta-analysis did not
focus on depression as a primary disorder, our findings align with this
argument. Prior meta-analyses specifically targeting depression as a
primary disorder have shown reductions in depressive symptoms
following computerized cognitive training (Motter et al., 2016).
However, we could not replicate these findings. A potential
explanation is that our primary target disorder was PTSD, and
depression was examined in only a subset of studies where it was a
comorbid condition.

Rosen et al. (2020) reported that 80% of PTSD cases occur with
comorbid disorders, with depression present in 50% of cases. Our
meta-analysis addresses this issue by showing depression was a
comorbid condition in 86% of the reviewed studies. Given this high
comorbidity, our findings suggest that neurocognitive training may
have the potential to improve symptoms of both PTSD and depression.
Previous meta-analyses, such as Motter et al. (2016), reported that
computerized cognitive training (CCT) can improve both depressive
symptoms and cognitive functioning. More recently, Launder et al.
conducted a comprehensive meta-analysis of randomized controlled
trials and confirmed moderate effects of CCT on overall depressive
symptomatology, working memory, and attention. These findings
highlight the potential of CCT approaches, although our meta-
analysis did not replicate these effects in patients with PTSD and
comorbid depression.

4.3 Executive functioning

4.3.1 Cognitive flexibility

The evidence regarding the efficacy of c-bnt on CF is
heterogeneous. While Ben-Zion et al. (2018) identified improvements
in CF (TMT-B), Clausen et al. (2019), and Fonzo et al. (2019) did not
observe any changes. Methodological differences may at least in part
explain these contradicting results. For instance, Clausen et al. (2019)
created two global scores by averaging results from various
neuropsychological tests, including TMT-B. This approach limits the
ability to analyze individual test results in detail. Moreover, differences
in the training programs could contribute to these divergent findings.
Ben-Zion etal. (2018) and Clausen et al. (2019) used the same c-bnt,
they focused on response inhibition, attention and task shifting, WM,
and processing speed. Fonzo et al. (2019) used a different training
program and focused on similar domains, including shared attention,
working memory, and task shifting. Notably, Ben-Zion et al. (2018)
and Fonzo et al. (2019) extended their cognitive training with tasks
that included an affective component. This combination makes it
difficult to differentiate between cognitive and emotional training
effects. Emotional stimuli are particularly salient in individuals with
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PTSD (Hayes et al., 2012). Furthermore, studies have postulated that
enhanced activation of the neural fear network may reduce the
capacity for processing non-threatening information (Hayes et al.,
2012). Therefore, the question needs to be clarified, which kind of
emotional stimuli and tasks can be efficiently applied in c-bnt in
patients with PTSD. To assess the effectiveness of a c-bnt and to
manage the impact of emotional stimuli, it would be useful to
implement a tailored training program that focuses on specific
functions. This may comprise either a cognitive or an affective
training component.

Differences in training duration likely also contribute to the
heterogeneous outcomes of c-bnt. Training periods varied between
30 days (Ben-Zion et al.,, 2018) with 30 min per day, 42 days with
30 min per day (Clausen et al., 2019), and 45 days with 35-45 min per
day (Fonzo et al,, 2019). Samples differ between these three studies,
which may also affect results. Ben-Zion et al. (2018) included civilians,
Clausen et al. (2019) focused combat veterans, and Fonzo et al. (2019)
studied both veterans and civilians. Treatment efficacy observed in
military samples is lower than that observed in civil samples
(Williamson et al., 2023). It is conceivable that neurocognitive training
may have a more pronounced impact on civilian samples. Additionally,
hypervigilance is often associated with combat trauma (Kimble et al,,
2013). The constant scanning of the environment for threatening
stimuli might negatively affect CE It is possible that available cognitive
training programs are not well suited for soldiers, and that a distinct
type of training program may be required for military personnel. To
better understand the variables influencing the effectiveness of c-bnt,
examining civilian and military personnel separately could
be valuable.

4.3.2 Inhibition

In the reviewed studies, cognitive training did not yield a
significant improvement in inhibition as measured by the Go/
No-Go task (Fonzo et al.,, 2019; Echiverri-Cohen et al., 2021).
However, Echiverri-Cohen et al. (2021) reported a transfer effect.
They used a response inhibition training (RIT), a c-bnt that applies
randomly assigned visual stimuli (letters and colors) for a
Go-No-Go task. Inhibition was assessed before and after training
using two tests: a modified version of the trained task (modified Go/
No-Go task) and an untrained transfer task (Stop Signal task).
While no differences were observed in the trained task, there was a
significant improvement in the untrained transfer task. During
training, colors and letters were used as Go stimuli. At the pre- and
post-assessments, a modified Go/No-Go task with symbols was
used. It is possible that the alteration between the stimuli (colors
and letters to symbols) influenced performance. Attention to the
trained Go stimuli may have been increased and thus the switch to
symbols may have had a negative effect on performance. This
argument, however, does not explain the significant improvement
in the untrained Stop Signal task. It is possible that the training has
initiated a process of synaptic plasticity, which has resulted in
enhanced performance on the transfer task (Shipstead et al., 2012).
C-bnt should target the transfer effect and improve the underlying
ability (Shipstead et al., 2012). Accordingly, the results of Echiverri-
Cohen et al. (2021) are highly interesting. Transfer mechanisms
could well to be assessed in combined neuropsychological and
functional neuroimaging studies

with  pre-post training
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experimental designs. In this context, it is also important to note
that in the study of Echiverri-Cohen et al. (2021), civilians
completed two individual training sessions of approximately 3 h. In
Fonzo et al. (2019), civilians and veterans engaged in training for
45 days, with daily sessions lasting 35-45 min. The results of
Echiverri-Cohen et al. (2021) suggest that brief, individualized
training may lead to improved performance in a transfer task in
civilian, and perhaps also military samples.

4.3.3 Working memory capacity

Results regarding the efficacy of c-bnt on WMC in patients with
PTSD are also heterogeneous. Bomyea et al. (2015) reported a
significant improvement in WMC (OSPAN), while Larsen et al.
(2019) found no significant differences after c-bnt. The contrasting
results can at least in part be explained by the different training
programs used. Bomyea et al. (2015) applied a modified reading span
WM task. The training conducted by Larsen et al. (2019) involved an
emotional n-back task. They distinguished between two modalities:
visually presented faces with fearful expressions and auditory
presented negative words. It is possible that the use of emotionally
negative stimuli in the context of WMC is not an effective approach.
As stated above in paragraph on cognitive flexibility, the increase in
the neural fear network following PTSD may have compromised
WMC (Hayes et al., 2012). The results of Bomyea et al. (2015)
demonstrate that the use of neutral stimuli is effective in
improving WMC.

Differences in training intensity between the studies may also
contribute to the observed heterogeneity: participants in Bomyea et al.
(2015) completed eight 30-min training sessions over 4 weeks,
whereas subjects in Larsen et al. (2019) participated in 15 20-min
sessions over 5 weeks. This suggest that the effectiveness of a c-bnt on
the WMC may be more related to the duration of training sessions
rather than their frequency.

Additionally, the results may be influenced by factors such as
sample characteristics and the type of trauma. Bomyea et al. (2015)
included civilian women after sexual trauma, whereas Larsen et al.
(2019) recruited both female and male veterans. Combat trauma often
causes re-experiencing symptoms, associated with WM deficits
(Guina et al, 2018). It is possible that combat-related trauma is
associated with greater deficits in WM, which may make it more
challenging to receive effective WM training for soldiers.

Studies show that WMC can be increased by training, the exact
mechanisms of action in PTSD need to be further investigated
(Constantinidis and Klingberg, 2016).

4.4 Limitations

This review is subject to several limitations. First, only a
small number of studies met inclusion criteria, and just five
provided sufficient data for meta-analyses, which limits statistical
power and generalizability. Due to inconsistent reporting and
heterogeneity in cognitive tasks, no meta-analysis could
be conducted for executive functions. Moreover, no follow-up
assessments were reported, leaving the long-term effectiveness of
c-bnt unclear.
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Second, while a random-effects model with REML estimation and
Knapp-Hartung adjustment was used, methods recommended for
small samples, this approach may yield conservative estimates,
particularly in contexts of moderate heterogeneity. In the present
analysis, heterogeneity was higher than previously reported
(I* = 42.4% vs. I’ = 7.1%), suggesting that the included studies differ
more substantially regarding their populations, interventions, and
outcomes than initially assumed. Effect sizes were calculated using
Cohen’s d, which may slightly overestimate effects in small samples.
Future meta-analyses should consider using alternative estimators
such as Hedges’ g.

Third, subgroup or moderator analyses (e.g., military versus
civilian populations, trauma type, PTSD chronicity, or
comorbidity profiles) were not conducted, despite known
differences in symptomatology and treatment response. Dropout
rates and adherence data were also not systematically reported or
analyzed, limiting conclusions regarding intervention feasibility
and participant engagement.

Fourth, the substantial heterogeneity of training protocols (e.g.,
targeted cognitive domains, emotional content, session frequency
and duration) was not formally categorized, which hinders
identification of the most effective intervention components. The
newly added study by Bomyea et al. (2025) further increased
variability by introducing a larger Veteran sample and an extended
training protocol. Additionally, due to the limited number of
studies, no leave-one-out sensitivity analysis was performed, as
such procedures can yield unstable or misleading results in small
datasets. Similarly, no formal assessment of publication bias was
conducted, as standard methods (e.g., Egger’s test, Trim-and-Fill)
are considered unreliable when fewer than 10 studies are available.

Lastly, the included studies varied in terms of intervention
content, outcome measures, and sample characteristics, which
may have introduced further heterogeneity and limited
comparability. This diversity, combined with the small sample
sizes and the lack of significant overall effects, underscores the
need for further well-powered RCTs to clarify the role of c-bnt in
PTSD treatment.

5 Conclusion

C-bnt yielded a small, non-significant effect on PTSD symptom
severity; however, this effect did not reach statistical significance and
should be interpreted with caution. Compared to previous analyses,
the updated results confirm a small and inconclusive effect with
moderate heterogeneity across studies. Despite the moderate statistical
heterogeneity, the current evidence remains inconclusive regarding its
clinical efficacy.

Additionally, there was a tendency toward improvement in
comorbid depressive symptoms, underscoring the importance of
considering comorbid depression in PTSD treatment approaches.
C-bnt led to improvements in CF and WM in civilian samples, and
a transfer effect was observed in inhibition, suggesting that c-bnt
may enhance training-specific performance and potentially
promote improvements in skills relevant in daily life. However, the
review highlighted discrepancies in the efficacy of c-bnt between
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civilian and military populations, indicating that sample- and
effect of c-bnt
further investigations.

trauma-specific mechanisms need

Future studies should focus on larger and more homogeneous
samples, use standardized outcome measures (CAPS-5 as primary
clinical endpoint), and clearly differentiate between intervention
effects and non-specific treatment factors. In addition, research
should examine the long-term sustainability of c-bnt effects and
their integration into trauma-focused psychotherapy.

We emphasize the importance of understanding the data and
calculations involved to fully harness the potential of studies like
meta-analyses. For this reason, we advocate for transparency, data
traceability, and publication of raw data. The CONSORT
(Consolidated Standards of Reporting Trials) statement proposed by
Moher, Hopewell (Moher et al., 2010) offers valuable guidelines for
improving reporting standards. Furthermore, the concept of EFs is
applied inconsistently across studies. Therefore, precise operational
definitions and standardized assessments are necessary for advancing
research in this area.
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