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Abstract

Background: Alcohol use disorder (AUD) is associated with cognitive impairments that are known to affect the outcomes of
conventional treatment. Digital cognitive training programs have been examined as a possible way of addressing these overlooked
challenges. Existing findings regarding the efficacy of such training programs are divergent, and further studies are warranted to
examine more engaging cognitive training programs using the latest technology. Smartphone-based training built upon the
principles of serious gaming would not only increase the accessibility of the program, but it could also increase the motivation
of the patients, potentially maximizing adherence to the training program.

Objective: The aim of the present feasibility and efficacy study was to examine the feasibility and acceptability of the Brain+
Alco-Recover app (Brain+ A/S) with gamified elements among patients with AUD when delivered as an add-on to
treatment-as-usual (TAU) and with minimal guidance from health care practitioners. In addition, the effects on cognitive and
alcohol-related outcomes were examined.

Methods: A total of 72 outpatients were randomized into either group A, experimental + TAU (n=36), or group B, sham + TAU
(n=36), and they had to complete a 1-month training program in addition to primary treatment. Self-reported experience at the
6-month follow-up as well as actual game usage was used to determine the feasibility of the training program. Cognitive performance
and alcohol consumption were assessed as well.

Results: The patients in both groups reported a high level of acceptability, and up to 83% of the patients in the experimental
group met the minimum requirements for the usage of the app. The experimental group also demonstrated significant improvements
in working memory (P<.001). Although no significant differences were found between the 2 groups regarding clinical outcomes,
a greater reduction in alcohol consumption was evident at the 6-month follow-up in the experimental group.

Conclusions: The acceptability and adherence to the minimum training requirements deems the gamified Brain+ app as a
feasible tool for cognitive training when delivered as an add-on to TAU. Furthermore, the potential improvements in cognitive
functions should be further replicated in a larger-scale trial to assess whether these could be used to improve the treatment of
AUD in the future.
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Introduction

Individuals who have experienced long-term exposure to the
neurotoxic effects of alcohol may show signs of cognitive
impairment [1,2]. Patients with alcohol use disorder (AUD)
experience partial recovery after successfully completing alcohol
treatment and sustaining abstinence, but recent findings also
suggest that some cognitive deficits persist in the domains for
processing speed and attention (PSA), working memory (WM),
and executive functions (EF), and impairments in learning and
memory may persist during periods with abstinence [3,4]. Even
after a year of abstinence, patients with AUD still display a
broad range of diffuse dysfunctions in controlled and effortful
processes such as EF and WM [1,5,6].

Unimpaired effortful cognitive processes are important in the
patients’ everyday lives, but also in aiding them to exert control
over their own impulses toward alcohol-related cues, which in
turn could increase the likelihood of abstaining from alcohol
[7]. This is corroborated by recent findings, where patients with
AUD who had a lower score on the Montreal Cognitive
Assessment compared to healthy individuals had an increased
risk of relapse at 3 and 6 months after discharge [8]. In addition,
impaired attention and task shifting by means of performance
on the Trail-Making Test-B was associated with a higher number
of drinking days at the 3- and 6-month follow-up. Systematic
reports on AUD and other substance use disorder (SUD) have
also found medium effect sizes for associations between general
cognition and treatment adherence for cognitive behavioral
therapy, as well as impaired decision making and increased risk
of relapse [9,10]. Although these findings were heterogeneous
and based on various populations with SUD, the negative impact
on treatment outcomes underlines the importance of recovering
a broad range of cognitive functions among patients with AUD.

Therapeutic approaches focusing on restoring cognitive
functions often consist of recurring, behavioral tasks that, if
maintained for a longer period, result in neuroplastic changes,
which in turn may be exhibited as improvements in daily
activities [11]. The effects of cognitive training can be assessed
according to how closely the assessment resembles the training
task. Increased performance in cognitive domains targeted by
similar to those prespecified in the cognitive training program
is indicative of a so-called near-transfer effect [12]. On the other
hand, improved performance in domains that are not related to
the domains actively targeted by the training program is known
as far-transfer effects [12].

The evidence of near-transfer effects among patients with AUD
has been demonstrated using a wide range of different digital
and computerized cognitive training programs [2]. These
interventions have been shown to be effective in improving

different cognitive domains, but especially the domains for EF
and WM have been scrutinized [13]. Although evidence suggests
that cognitive training designed to target specific domains can
provide near-transfer effects [14], an improvement in one
domain may not optimally address the diffuse and heterogeneous
cognitive deficits that are evident in patients with AUD. In
keeping with this notion, only preliminary findings are evident
demonstrating far-transfer effects of cognitive training among
patients with AUD [13]. This suggests that cognitive training
programs focusing on a single domain, or a few closely related
domains, may be an inadequate strategy for targeting the wide
range of cognitive impairments exhibited by patients with AUD.
More complex programs consisting of a variety of training tasks,
each targeting a set of specific cognitive processes, could thus
be needed. These types of multidomain, cognitive training
programs have been shown to be feasible as well as capable of
improving performance on a variety of cognitive tasks among
patients with AUD [15-18]. Although the studies were mainly
centered around the effects on higher-order cognitive functions
such as WM and problem solving, these findings suggest that
using more multifaceted programs may be an effective method
for improving a broader range of cognitive processes, which in
turn could be beneficial for the abilities required for daily
activities.

In the past decade, there has been a growing interest in
uncovering whether the effects of cognitive training can be
transferred to clinical outcomes [2]. So far, evidence suggesting
that cognitive training can improve alcohol-related outcomes
has been scarce [19]. A few studies on domain-focused cognitive
training [20,21] have examined the effects on alcohol
consumption, but no significant reductions were found when
compared to the control groups. Contrasting the findings from
domain-focused programs, 3 small efficacy randomized
controlled trials used training programs targeting multiple
cognitive domains [18,22,23], and 2 of these reported improved
abstinence rates among patients [18,23]. Although these findings
were observed in only 2 studies, the results suggest that
interventions addressing a broader range of cognitive functions
may hold promise for improving clinical outcomes.

One possible factor that might explain the diverging findings
regarding clinical outcomes could be the level of motivation
[24]. The patient’s motivation to complete a training program
can be optimized if the tasks are kept adequately challenging
while not being too overwhelming [25]. Earlier versions of
computerized cognitive training have relied on less engaging
paradigms based on an experimental setting, where the patients
were required to use proprietary software that could only be
used on a stationary computer [22]. Not only did this limit the
accessibility, but it would also mean that training days would
need to be scheduled regularly with a researcher or clinician.
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Early versions of goal management training and software
targeting WM were also characterized by simple user interfaces
with a minimum number of visual elements [5]. The lack of
visually capturing features were outweighed by more text-based
tasks that were closer in resemblance to standardized
neuropsychological assessment batteries [17,22], and this could
make the training at risk for being perceived as trivial and
decreasing the treatment adherence [5]. Nonetheless,
advancements in mobile health (mHealth) technology have
made it easier to create a personalized experience and more
visually engaging training programs that incorporate
gamification [26] and serious gaming elements [27]. Contrasting
previous training programs, the latest technological capabilities
would also allow outpatients admitted to conventional treatment
to access the training program from home, thus reducing the
required visits to a treatment facility [27,28].

The aims of this feasibility and efficacy study were to assess
the acceptability and feasibility of a semiguided,
smartphone-based, serious gaming app administered as an
add-on to conventional treatment among patients with AUD.
As secondary objectives, we wanted to explore whether the
training program could show improvements in cognitive
performance and if potential benefits on alcohol consumption
and craving could be observed.

Methods

Ethical Considerations
The present study was approved by the Research Ethics
Committee for the Region of Southern Denmark (S-20200199),
and it was conducted in accordance with the Declaration of
Helsinki [29]. This study was not registered in a public trial
registry, but a protocol for the trial was published prior to the
inclusion of patients [30], and registered under the International
Registered Report Identifier (IRRID; RR2-10.3389). No
amendments were made to the original protocol, but minor
changes to the total sample size and age criteria were
incorporated into the study (see Multimedia Appendix 1).
Further, the reporting of this study is in accordance with the
Consolidated Standards of Reporting Trials (CONSORT) 2010
Statement: updated guidelines for reporting parallel randomized
trials [31] and the CONSORT-EHEALTH (Consolidated
Standards of Reporting Trials of Electronic and Mobile Health
Applications and Online Telehealth) checklist (see Multimedia
Appendix 2 [32]).

There were no known harmful effects of the smartphone-based
training program. As all patients in this study were offered either
pharmacological or psychological treatment, the study was not
evaluated as posing any ethical challenges. Finally, all patients
were informed that they could withdraw their consent without
it having any implications for their current or future treatment
options. If the patients chose to withdraw their consent, all their
data would be erased.

Trial Design
This pilot trial was conducted as a double-blinded, randomized
controlled trial with 2 parallel groups. An urn randomization
technique was used without any stratification [33], and the

allocation of patients to the groups was performed by an
independent statistician.

Recruitment
Patients from the publicly financed, outpatient alcohol treatment
clinic in Odense, Denmark, were consecutively invited to take
part in the study until a sample of 72 patients was obtained. The
recruitment took place between September 2021 and September
2022. All patients attending the clinic in Odense undergo a
3-month treatment program consisting of either
pharmacotherapy or psychotherapy or a combination of both,
where the latter is based on manualized combined motivational
interviewing and cognitive behavioral therapy [34]. During the
primary treatment, a health care professional conducted a clinical
assessment of the patients according to the International
Classification of Diseases, Tenth Revision(ICD-10) [35]. The
Addiction Severity Index (ASI) was used to assess
sociodemographic characteristics to generate an addiction
severity profile for each patient [36].

Eligibility Criteria
Patients were eligible to participate in the study if they: (1) had
a confirmed diagnosis of AUD (ie, harmful use or abuse or
dependence); (2) had access to a smartphone or tablet that met
the requirements for using the gamified cognitive training app;
(3) were between 18 and 70 years of age; (4) spoke Danish; (5)
provided informed consent to participate; and (6) had completed
detoxification prior to study inclusion if deemed necessary.
Patients were excluded if they had a diagnosis of SUD other
than AUD, a severe mental disorder with suicidal, manic or
psychotic symptoms, a neurological disorder, or terminal illness.

Procedure
Eligible patients were informed about the study by their health
care providers. Patients who expressed interest in participating
were referred to a research assistant who provided verbal and
written information about the study following a standardized
procedure. The patients signed an informed consent form, and
they were further screened for eligibility and randomly allocated
to an experimental or sham training group. Following this, a
pretreatment assessment of cognitive and clinical outcomes was
conducted, and lastly the research assistant helped the patients
with installing the app on their smartphone or tablet.

Allocation and Blinding
Eligible patients were consecutively randomized to one of 2
groups: (A) an experimental version of the cognitive training
program + treatment as usual (TAU) (n=36), or (B) a sham
version of the cognitive training program + TAU (n=36). The
patients were blinded to their allocated group, and the research
assistants who performed the randomization were also unaware
of which version of the training app they helped to install on
the patients’ smartphones or tablets. This was achieved by
assigning a random number to the 2 versions of the training
app, and these 2 designated numbers were only known to an
independent researcher who did not take part in the assessment
of the patients.
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Assessment and Outcomes
Sociodemographic and clinical data were extracted from the
outpatient clinic’s clinical database containing data from the
initial clinical assessments performed by the health care
professionals. Assessments were conducted by research
assistants at study enrollment (T0), posttreatment (T1), and at
6-month follow-up (T2).

Acceptability and Feasibility Outcomes
The acceptability of the Brain+ Alco-Recover (Brain+ A/S) app
was determined by means of the System Usability Scale (SUS)
and was only administered at T2. This scale evaluates different
elements of the user-interface and assesses the confidence of
the user in using the training program [37]. The criterion for
the feasibility outcome was based on the actual usage of the
individual games in the training program. For the experimental
group, a minimum requirement of 5 completed game trials for
each of the individual game types was predetermined and this
was equal to approximately 80 minutes of total training time
(ie, 20% of the instructed duration for the predefined training
program). It was expected that the adherence to the training
program would be much lower than the instructions provided
to the patients due to the lack of a notification system and that
the patients trained at home. Thus, for the training program to
be deemed as feasible, a criterion was set, where at least half
of the patients in the experimental group had to meet these
minimum requirements for each game type.

Cognitive and Clinical Outcomes
Cognitive performance was measured with assessment versions
of the various training games in Brain+ Alco-Recover at T0 and
T1. The performance scores in 2 cognitive domains were
prespecified as PSA (ie, the in-games Perception Speed and
Attention Island) and WM (ie, the in-games Memory Lane and
Bulky Codes).

Alcohol consumption was measured at T0, T1, and T2 using
the following 2 items derived from the alcohol module in the
ASI: (1) days with any alcohol consumption in the past 30 days,
and (2) days with excessive drinking (ie, 3 units or more) in the
past 30 days [36]. Mean craving level and highest craving level
during the past week and the past 30 days were measured at T0,
T1, and T2 using the visual analogue scale (VAS) [38].

Intervention
The cognitive training app, Brain+ Alco-Recover, was adapted
from the publicly available Brain+ Recover app [39], which
was developed by neuropsychologists at the Centre for
Traumatic Brain Injury, University of Copenhagen in
collaboration with the company Brain+. To test the effects of
the training program with high ecological validity, the Brain+
Alco-Recover app was used by the patients at home without
any guidance from the researchers.

Experimental and Sham Version of the Cognitive
Training Program
The experimental version of Brain+ Alco-Recover consisted of
a personalized training program initially created from the
preassessment, and the difficulty level was adjusted to fit the
patient’s performance level measured during the preassessment.

The personalized, daily training sessions consisted of 6 different
games (see Multimedia Appendix 1 for detailed information
and screenshots of each game), which were combined in 2
blocks of 4 games each. The training blocks alternated between
the selection of games, but all the games appeared with the same
frequency. The in-game algorithm ensured that the 2 blocks
were personalized in terms of the duration of each game, and
the cognitive domains in which the patient underperformed
during the preassessment were thus targeted for more intensive
training. Each game took on average 2 minutes and 40 seconds
to complete, but 1 training block lasted 10 minutes. The sham
version of the training program was nearly identical to the
experimental version, except for the omission of 1 game (see
Multimedia Appendix 1 for details). While the games in the
sham condition remained adaptive to the patient’s performance,
the level of difficulty was fixed to minimize the potential for
cognitive improvement (eg, by preventing further reductions in
exposure time). Importantly, we identified a discrepancy
between the sham and experimental versions of the app that
resulted in differences in baseline measurements (Table 1). To
ensure this discrepancy did not bias our statistical analysis, we
focused on within-group change by analyzing improvement
from baseline to final measurement, rather than relying on
absolute scores.

Previous studies have found an effect of training sessions lasting
45-60 minutes [16,20], but as we wanted to establish the
feasibility of the Brain+ app in its early stages, we chose to
incorporate short but frequent training sessions. Patients in the
experimental and sham group were instructed to use the app for
20 minutes a day, 5 days a week, for 1 month (ie, a minimum
of 400 minutes or 6 hours and 40 minutes of total in-game time
for the entire intervention). This resulted in a daily training
session that consisted of 2 blocks of 10 minutes each (ie, 2
blocks of 4 games each). As a notification system was not yet
developed for the app, patients were reminded to complete their
training sessions, when they had to visit the outpatient facility,
but they were not guided any further. Thus, this was a
semiguided training program in which patients were neither
monitored for their actual game progress nor assisted with
completing any games, which also meant that there were no
implications if a patient failed to adhere to the training program.
It was not possible to log the time spent on the training; instead,
the total duration was estimated based on the number of
completed game trials.

Statistical Analyses
The baseline characteristics of patients in both study arms were
summarized using means and standard deviations (SD) for
continuous variables, and frequencies and percentages (%) for
categorical variables. Differences between the 2 arms were
assessed using 2-tailed, independent samples t tests for
continuous variables and chi-square tests for categorical
variables.

To determine whether 50% of the patients in each group
completed the minimum of 5 game trials for each game type,
our feasibility was analyzed using Fisher Exact test under the
intention-to-treat (ITT) principle, including all randomized
participants. In terms of cognitive outcomes, the within-group
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change from baseline to posttreatment in domain scores (ie,
PSA and WM) as well as individual game scores, were analyzed
using linear mixed-effects models with random intercepts for
participants, fixed effects for time, and a group-by-time
interaction. An unstructured covariance matrix and robust
standard errors were used. These models inherently account for
all available data under the assumption of missing at random
and are consistent with the ITT principle. Analyses were also
conducted per-protocol (PP), including only participants who
completed ≥ 5 game trials for each game type.

Clinical outcomes, which included drinking days (DD), heavy
drinking days (HDD), mean and highest craving level (MCL
and HCL, respectively), were analyzed using similar linear
mixed-effects models across baseline (T0), posttreatment (T1),
and 6-month follow-up (T3), with a group-by-time interaction,
unstructured covariance, and robust standard errors. These
analyses followed the ITT principle. No formal power
calculation was conducted; results are interpreted as efficacious.

All analyses were performed using Stata 18 (StataCorp LLC).
A 2-sided P value<.05 was considered statistically significant.

Results

Participants
A total of 72 patients were randomized to either the experimental
group (n=36) or the sham group (n=36). One patient in the
experimental group withdrew consent to participate after the
baseline assessment and thus data for this person were deleted
(see Figure 1). Fifty patients completed the posttreatment
assessment (ie, experimental group: n=29; sham group: n=21),
and 43 patients completed the 6-month follow-up assessment
(ie, experimental group: n=25; sham group: n=18). It was not
possible to reach any of the missing patients for the
posttreatment assessment or at the follow-up after 6 months;
thus, no further information on reasons for discontinuing the
study could be retrieved.

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) chart depicting the flow of participants from allocation to
the last follow-up after 6 months. ITT: intention-to-treat; PP: per-protocol.

Baseline Characteristics
No significant differences were found between the experimental
and sham groups regarding age, gender, alcohol consumption,
and craving variables (see Table 1). There were 77% (n=27)
male patients in the experimental group and 72% (n=26) were
male in the sham group. The mean age of the patients in the
experimental groups was 45.3 (SD 10.1) years, whereas the

patients in the sham group were aged 41.4 (SD 11.5) years on
average. The cognitive assessment revealed significant
differences between the experimental and sham groups in the
domain for PSA as well as the domain for WM (P<.001).
Inspecting the individual mean domain scores, the experimental
group had a higher cognitive performance when compared to
the sham group.
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Table 1. Baseline characteristics of the patients. A higher mean domain/individual game score indicates better cognitive performance.

P valueSham (n=36)Experimental (n=35)Baseline

Sociodemographic variables

.1441.4 (11.5)45.3 (10.1)Age (years), mean (SD)

.78Gender, n (%)

26 (72)27 (77)Male

9 (25)8 (23)Female

Clinical variables

Diagnosis, n (%)

2 (6)2 (6)Harmful use (F10.1)

33 (92)33 (94)Alcohol dependence (F10.2)

Previous treatment for AMa, n (%)

22 (61)23 (66)Yes

13 (36)12 (34)No

.9228.1 (11.0)28.3 (10.8)Age of onset of HDb, mean (SD)

.2314.8 (10.6)17.9 (10.8)DDc in the past 30 days, mean (SD)

.2913.7 (11.1)16.5 (10.6)HDDd in the past 30 days, mean (SD)

.724.1 (2.7)3.9 (2.6)ACLe in the past 30 days, mean (SD)

.935.3 (3.4)5.4 (3.4)HCLf in the past 30 days, mean (SD)

Cognitive variables, mean ( SD )

<.00170.4 (70.5)440.6 (166.3)PSAg domain

<.00112.3 (4.3)86.3 (71.8)Attention Island

<.001208.6 (134.5)650.1 (152.1)Speed Perception

<.001127.4 (7.7)210.3 (36.8)WMh domain

<.001137.2 (10.7)212.3 (39.8)Bulky Codes

<.001121.9 (6.1)204.8 (44.8)Memory Lane

aAM, alcohol misuse.
bHD: heavy drinking.
cDD: drinking days.
dHDD: heavy drinking days.
eACL: average craving level.
fHCL: highest craving level.
gPSA: processing speed and attention.
hWM: working memory.

Feasibility and Acceptability of Brain+ Alco-Recover
Only 23.6% (n=17) of the patients completed the SUS at
6-month follow-up, but the overall experience with the Brain+
Alco-Recover app was well received by these patients in both
groups, and no significant difference was found between the
ratings of the 2 different versions of the app (P=.17). This was
indicated by a good usability rating with a mean total score of
74.6 (SD 17.6) in the experimental group, while the sham group
rated the usability of the training program as excellent with a
mean total score of 81.5 (SD 11.9).

The criterion for determining the feasibility of the training
program was reached in 5 out of the 6 games in the experimental
version of the Brain+ Alco-Recover app, with a rate of patients
completing the minimum requirements ranging from 51.4% to
82.9% (ie, corresponding to 18-29 participants) for the
individual game type. The estimated average total time spent
on the 1-month training program was 577 minutes for the
experimental group and 919 minutes for the sham group (see
Table S1 in Multimedia Appendix 1). The game that did not
meet this criterion was Attention Island, where only 37.1%
(n=13) of the patients completed the 5 required game trials. In
the sham version of the app, the criterion was reached in 4 out
of the 5 games. The game that did not meet the criterion was
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Bulky Codes, where 48% of the patients completed the 5
required game trials. There was no significant difference
between the 2 groups regarding the number of completed game
trials, except that significantly more patients in the sham group
completed the minimum number of required game trials for
Attention Island (n=13, 65.7%) compared to the experimental
group (P=.04).

Effects on Cognitive Outcomes
Comparisons between baseline and posttreatment assessments
(see Figure 2) showed a minor improvement in PSA in both

groups, with no indication of a group difference (P=.90). A
significant difference was observed between the 2 groups in the
working memory (WM) domain (P=.002). This difference
favored the experimental group, which demonstrated a higher
mean change score (WM: mean 114.6, 95% CI 82.1-147.1)
compared to the sham group (WM: mean 58.3, 95% CI
43.9-72.7). This significant effect remained consistent in the
PP-analyses after adjusting for patients who met the minimum
training requirements (see Multimedia Appendix 1 for PP
analyses).

Figure 2. Change in mean domain scores from baseline to the posttreatment assessment for the experimental (ie, red line) and sham group (ie, blue
line). A higher score indicates a better cognitive performance. The error bars depict the 95% CIs.

Effects on Alcohol Consumption and Craving
No significant differences between baseline, posttreatment, and
6-month follow-up assessments were observed between 2 groups
regarding DD, HDD, MCL, and HCL (see Figure 3 and
Multimedia Appendix 1).

By inspecting the mean difference at 6-month follow-up, there
was a pattern favoring the experimental group for both DD
(mean –11.44, 95% CI –15.00 to –7.88) and HDD (mean –12.37,
95% CI –15.54 to –9.19) when compared to the sham group
(DD: mean –10.48, 95% CI –16.10 to –4.86; HDD: mean
–11.38, 95% CI –16.13 to –6.62).
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Figure 3. Mean change in number of drinking days, number of heavy drinking days, average craving, and highest craving level from baseline to
posttreatment and 6-month follow-up. The error bars depict the 95% CIs. VAS: Visual Analogue Scale;.

Discussion

Principal Findings
The present feasibility and efficacy study provides the most
recent evidence on the acceptability and usability of a
semiguided, smartphone-based, serious gaming app administered
as an add-on to conventional treatment among patients with
AUD. The Brain+ Alco-Recover app was deemed feasible and
accepted by the patients. Further, the experimental group
exhibited significant improvements in WM compared to the
sham group; however, these secondary effects should be
interpreted with caution due to the in-game cognitive
assessment. Our analyses did not reveal any significant
differences between the 2 groups regarding alcohol consumption
and craving, presumably due to inadequate power. Nonetheless,
the observed reduction in alcohol consumption in the
experimental group suggests that this type of cognitive training
might be beneficial for clinical outcomes.

The adherence and acceptability of the cognitive training in this
study are corroborated by previous findings in studies that
examined training programs with gamified elements
[15,16,20,21] and studies that delivered the training program
using mHealth technology [15,16]. Nonetheless, it should be
stressed that these results regarding the acceptability were based
on our minimum criterion for the usage of the training program,
which was lower compared to other studies that instructed the
patients to complete 45-60-minute training sessions [16,20].
Despite our decision on using shorter, 20-minute sessions, still
only one third of the patients adhered to the preinstructed
training program. This could be indicative of fundamental issues
with the game design of the training program and the means of
administration. It has been proposed that a constant display of
frustrating training elements or a display of negative scores may

induce a state of failure and disbelief and thereby reduce the
patients’ self-efficacy [24].

A reduction in self-efficacy could pose a potential threat to the
effectiveness of the design of smartphone-based cognitive
training programs, as one needs to balance the incentive to push
the performance of the patients by constantly increasing the
level of difficulty while ensuring that the patients receive an
adequate amount of positive reinforcement. Although the
differences in SUS scores should be interpreted with caution
due to the low return rates, one could argue that the
discrepancies between the two groups may be the result of one
group encountering more challenging games. The lower SUS
score in the experimental group could indicate that some of the
games were perceived as too difficult, and thus patients could
have experienced more frustration by being exposed to low
scores and a high level of errors. In contrast, the level of
difficulty in the sham version might have increased the
completion rate, which in turn would decrease the number of
self-perceived failures, resulting in more positive ratings on the
SUS. This could highlight the importance of implementing the
training into existing treatment programs, in which a health
professional could encourage and coach the patient during the
training program. Previous studies have shown that
administering the cognitive training program in an environment
in which the patient receives support to maintain his or her
treatment goals can cultivate the effects of cognitive training
[1,16,17]. Thus, balancing the optimal training conditions
between a highly structured clinical setting and a more unguided
approach could be imperative.

Albeit our findings of near-transfer improvements in WM were
discovered using proprietary algorithms for assessment of
cognition, they do corroborate findings from previous trials that
demonstrated near-transfer effects using similar multifaceted
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cognitive training programs for AUD [18,23]. The lack of EF
and episodic memory training in the sham version also means
that our preliminary findings cannot be fully extended to a
broader range of cognitive domains. However, other studies
that examined cognitive training focusing specifically on WM
were able to demonstrate far-transfer improvements in episodic
memory [40,41]. It has also been suggested that cognitive
functions do not work independently of each other, and tasks
designed to train verbal memory are still highly dependent on
the ability to direct one’s attentional resources to process and
store information [2]. Thus, it could be hypothesized that even
though the patients in the present study did not specifically train
episodic memory, improvements in WM could manifest as
improvements in other domains as well. However, relying solely
on the in-game preassessment function for cognitive evaluation
limits the ability to determine whether the observed near-transfer
effects extend to distal domains not actively targeted by the
current version of the Brain+ Alco-Recover app.

As expected, our findings showed that the cognitive training
program did not result in statistically significant improvements
in clinical outcomes. Notwithstanding, small and clinically
relevant changes in alcohol consumption were observed. By
inspecting the reduction in the mean number of DD and HDD,
the experimental group did exhibit close to a 10% reduction in
alcohol consumption.

Although a previous study by Kumar et al [18], with a
comparable sample size (n=50) was able to detect improved
abstinence rates, the cognitive training program was combined
with yoga, breathing exercises, and psychoeducation. This
resulted in a more guided intervention that could potentially
have induced a synergistic effect of the different treatment
elements. In contrast, other research groups have failed to
demonstrate significant improvements in clinical outcomes
[20,21,42,43], which corroborates the findings of the present
study. Most of these studies included small sample sizes (n≤60),
but one research group [20] did identify a trend for reduction
in units per drinking day (P=.07). The training program used
in the study by Khemiri et al [20], focused more on training
tasks selectively targeting WM, and the patients also used the
training program at home with minimal guidance. When
aggregating these similarities, it could indicate that cognitive
training programs, even when administered outside a treatment
facility, may have clinically relevant effects among patients
with AUD. However, the lack of evidence for clinical effects
of the training program in the present study could also support
the notion that cognitive training programs are too reductionistic
to comprise the complexity needed for the induction of
behavioral changes [2,12].

Limitations
The present study has some limitations. First, the development
of the Brain+ Alco-Recover app was in its early stages, and as
a result, more complex features as well as adaptations of specific
games were omitted. The lack of a notification system made it
more difficult to remind the patients about their training
sessions, and this could have impeded on the number of
completed game trials and adherence to the training program.
To mitigate the implications of this missing feature, we ensured

that the clinicians at the outpatient facility reminded the patients
to complete the training sessions.

Second, previously mentioned fundamental differences in the
way that cognitive scores were calculated in the preassessment
phase in the Brain+ Alco-Recover app hindered the patients
using the sham version to attain cognitive scores comparable
to those in the experimental group. As such, the observed
baseline differences in cognitive performance between the two
groups were expected and are unlikely to reflect allocation bias.
Furthermore, since our primary outcome focused on
within-group change from baseline to posttreatment, the method
of cognitive score calculation is unlikely to have substantially
affected the results in the sham group.

Third, the usage of the in-game assessment meant that we were
unable to detect far-transfer effects. This would also preclude
bold comparisons to the effects of other cognitive training
programs that were assessed with standardized instruments,
thus reducing the external validity of the present findings.
Nonetheless, the precision and extendibility of the cognitive
assessment and training algorithms implemented in the Brain+
app have been established in studies for acquired brain injury
and Parkinson’s disease. Thus, it would be hypothesized that
the findings in the present study could be indicative of benefits
on cognitive performance.

Fourth, the present study did not examine the training effects
on verbal learning and episodic memory due to technical
restraints, making it impossible to cap the level of difficulty for
the sham version. This should be addressed in future versions
of the Brain+ Alco-Recover app, since learning and memory
could be less susceptible to the spontaneous recovery occurring
with continuing abstinence among patients with alcohol-related
Wernicke-Korsakoff disorder [3]. However, as the included
patients experienced less severe AUD and were not diagnosed
with Wernicke-Korsakoff disorder, the additional benefits of
implementing games targeting episodic memory could be
questioned.

Last, as we in this study wanted to establish the usability and
efficacy of the Brain+ app, it was not assumed that we could
detect significant changes in the clinical outcomes between the
experimental and sham groups. Therefore, the low sample size
may have increased the risk of a Type 2. Nevertheless, in this
study, potential improvement in clinical outcomes was examined
to pave the way for a future, large-scaled trial, in which clinical
effects could be ascertained.

Conclusions
The use of the semiguided, Brain+ Alco-Recover serious gaming
app was found to be a feasible and acceptable way of delivering
cognitive training to patients with AUD in conjunction with
conventional treatment. Although the potential near-transfer
effects in WM should be interpreted with care, this early version,
adapted to patients with AUD, could be beneficial for cognitive
performance even when the training sessions were performed
at home with minimal to no support from a health professional.
The prospect of potential effects of the cognitive training
program on alcohol consumption could have valuable clinical
implications and highlights the importance of exploring the
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effects of the Brain+ app in large-scale trials. This would be an
important step toward uncovering an effective way of

ameliorating cognitive dysfunctions and improving clinical
outcomes in the future treatment of AUD.

Acknowledgments
NM and AIM were involved in the design and conceptualization of the study, whereas LS and NM conducted the baseline
interviews, only LS conducted the follow-up assessments of the patients. NM wrote the first version of the manuscript with help
from AIM. The data processing was completed by NM, and the analyses were conducted and supervised by ANM during the first
version. During the latest revision, ANM conducted the updated analyses, and ANM took part in finalising the manuscript. For
the latest revision of the manuscript, LK assisted NM in editing and adapting the final manuscript. The latest revision was
proof-read by LK, and AIM, ANM, LK, KA, AG, LS, and TM all approved the final version of the manuscript.

Financial funding for this pilot and feasibility trial was granted by the Psychiatric Research Foundation, which is a part of the
Region of Southern Denmark. No additional financial support was received for conducting the trial.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Supplementary material including screenshots of the cognitive games from Brain+ Alco-Recover and supplementary tables S1
and S2.
[PDF File (Adobe PDF File), 3033 KB-Multimedia Appendix 1]

Multimedia Appendix 2
CONSORT-eHEALTH checklist (V 1.6.1).
[PDF File (Adobe PDF File), 458 KB-Multimedia Appendix 2]

References

1. Lindgren KP, Hendershot CS, Ramirez JJ, Bernat E, Rangel-Gomez M, Peterson KP, et al. A dual process perspective on
advances in cognitive science and alcohol use disorder. Clin Psychol Rev. 2019;69:83-96. [FREE Full text] [doi:
10.1016/j.cpr.2018.04.002] [Medline: 29680185]

2. Nixon SJ, Lewis B. Cognitive training as a component of treatment of alcohol use disorder: A review. Neuropsychology.
2019;33(6):822-841. [FREE Full text] [doi: 10.1037/neu0000575] [Medline: 31448949]

3. Crowe S, Cammisuli DM, Stranks EK. Widespread cognitive deficits in alcoholism persistent following prolonged abstinence:
An updated meta-analysis of studies that used standardised neuropsychological assessment tools. Arch Clin Neuropsychol.
2019;35(1):31-45. [doi: 10.1093/arclin/acy106] [Medline: 30668621]

4. Powell A, Sumnall H, Smith J, Kuiper R, Montgomery C. Recovery of neuropsychological function following abstinence
from alcohol in adults diagnosed with an alcohol use disorder: Systematic review of longitudinal studies. PLoS One.
2024;19(1):e0296043. [FREE Full text] [doi: 10.1371/journal.pone.0296043] [Medline: 38166127]

5. Bates ME, Buckman JF, Nguyen TT. A role for cognitive rehabilitation in increasing the effectiveness of treatment for
alcohol use disorders. Neuropsychol Rev. 2013;23(1):27-47. [FREE Full text] [doi: 10.1007/s11065-013-9228-3] [Medline:
23412885]

6. Lannoy S, Billieux J, Maurage P. Beyond inhibition: a dual-process perspective to renew the exploration of binge drinking.
Front Hum Neurosci. 2014;8:405. [FREE Full text] [doi: 10.3389/fnhum.2014.00405] [Medline: 24926251]

7. Hofmann W, Friese M, Strack F. Impulse and self-control from a dual-systems perspective. Perspect Psychol Sci.
2009;4(2):162-176. [doi: 10.1111/j.1745-6924.2009.01116.x] [Medline: 26158943]

8. Teixeira J, Pinheiro M, Pereira GÁ, Nogueira P, Guerreiro M, Castanho M, et al. Predicting alcohol relapse
post-detoxification: The role of cognitive impairments in alcohol use disorder patients. Alcohol Clin Exp Res (Hoboken).
2024;48(5):918-927. [doi: 10.1111/acer.15302] [Medline: 38494444]

9. Domínguez-Salas S, Díaz-Batanero C, Lozano-Rojas OM, Verdejo-García A. Impact of general cognition and executive
function deficits on addiction treatment outcomes: Systematic review and discussion of neurocognitive pathways. Neurosci
Biobehav Rev. 2016;71:772-801. [doi: 10.1016/j.neubiorev.2016.09.030] [Medline: 27793597]

10. Rolland B, D'Hondt F, Montègue S, Brion M, Peyron E, D'Aviau de Ternay J, et al. A patient-tailored evidence-based
approach for developing early neuropsychological training programs in addiction settings. Neuropsychol Rev.
2019;29(1):103-115. [doi: 10.1007/s11065-018-9395-3] [Medline: 30607658]

11. Keshavan MS, Vinogradov S, Rumsey J, Sherrill J, Wagner A. Cognitive training in mental disorders: update and future
directions. Am J Psychiatry. 2014;171(5):510-522. [FREE Full text] [doi: 10.1176/appi.ajp.2013.13081075] [Medline:
24700194]

JMIR Ment Health 2025 | vol. 12 | e67167 | p. 10https://mental.jmir.org/2025/1/e67167
(page number not for citation purposes)

Mistarz et alJMIR MENTAL HEALTH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mental_v12i1e67167_app1.pdf&filename=857b558657b31067126997e08f7a0463.pdf
https://jmir.org/api/download?alt_name=mental_v12i1e67167_app1.pdf&filename=857b558657b31067126997e08f7a0463.pdf
https://jmir.org/api/download?alt_name=mental_v12i1e67167_app2.pdf&filename=b978bb4be821443166de1178d74c0162.pdf
https://jmir.org/api/download?alt_name=mental_v12i1e67167_app2.pdf&filename=b978bb4be821443166de1178d74c0162.pdf
https://europepmc.org/abstract/MED/29680185
http://dx.doi.org/10.1016/j.cpr.2018.04.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29680185&dopt=Abstract
https://europepmc.org/abstract/MED/31448949
http://dx.doi.org/10.1037/neu0000575
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31448949&dopt=Abstract
http://dx.doi.org/10.1093/arclin/acy106
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30668621&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0296043
http://dx.doi.org/10.1371/journal.pone.0296043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38166127&dopt=Abstract
https://europepmc.org/abstract/MED/23412885
http://dx.doi.org/10.1007/s11065-013-9228-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23412885&dopt=Abstract
https://europepmc.org/abstract/MED/24926251
http://dx.doi.org/10.3389/fnhum.2014.00405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24926251&dopt=Abstract
http://dx.doi.org/10.1111/j.1745-6924.2009.01116.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26158943&dopt=Abstract
http://dx.doi.org/10.1111/acer.15302
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38494444&dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2016.09.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27793597&dopt=Abstract
http://dx.doi.org/10.1007/s11065-018-9395-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30607658&dopt=Abstract
https://europepmc.org/abstract/MED/24700194
http://dx.doi.org/10.1176/appi.ajp.2013.13081075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24700194&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


12. Harvey PD, McGurk SR, Mahncke H, Wykes T. Controversies in computerized cognitive training. Biol Psychiatry Cogn
Neurosci Neuroimaging. 2018;3(11):907-915. [FREE Full text] [doi: 10.1016/j.bpsc.2018.06.008] [Medline: 30197048]

13. Caetano T, Pinho MS, Ramadas E, Clara C, Areosa T, Dixe MDA. Cognitive training effectiveness on memory, executive
functioning, and processing speed in individuals with substance use disorders: A systematic review. Front Psychol.
2021;12:730165. [FREE Full text] [doi: 10.3389/fpsyg.2021.730165] [Medline: 34489833]

14. Rudner T, Hume DJ, Larmuth K, Atterbury E, Rauch HL, Kroff J. Substance use disorder and obesogenic eating: Does
working memory training strengthen ability to abstain from unwanted behaviors? A systematic review. J Subst Abuse Treat.
2022;137:108689. [doi: 10.1016/j.jsat.2021.108689] [Medline: 34952746]

15. Gamito P, Oliveira J, Matias M, Cunha E, Brito R, Lopes PF, et al. Virtual reality cognitive training among individuals
with alcohol use disorder undergoing residential treatment: pilot randomized controlled trial. J Med Internet Res.
2021;23(1):e18482. [FREE Full text] [doi: 10.2196/18482] [Medline: 33512329]

16. Gamito P, Oliveira J, Lopes P, Brito R, Morais D, Silva D, et al. Executive functioning in alcoholics following an mHealth
cognitive stimulation program: randomized controlled trial. J Med Internet Res. 2014;16(4):e102. [FREE Full text] [doi:
10.2196/jmir.2923] [Medline: 24742381]

17. Rupp CI, Kemmler G, Kurz M, Hinterhuber H, Fleischhacker WW. Cognitive remediation therapy during treatment for
alcohol dependence. J Stud Alcohol Drugs. 2012;73(4):625-634. [doi: 10.15288/jsad.2012.73.625] [Medline: 22630801]

18. Kumar R, Kumar KJ, Benegal V, Roopesh BN, Ravi GS. Effectiveness of an Integrated Intervention Program for Alcoholism
(IIPA) for enhancing self-regulation: Preliminary evidence. Asian J Psychiatr. 2019;43:37-44. [doi: 10.1016/j.ajp.2019.05.006]
[Medline: 31078094]

19. Nardo T, Batchelor J, Berry J, Francis H, Jafar D, Borchard T. Cognitive remediation as an adjunct treatment for substance
use disorders: a systematic review. Neuropsychol Rev. 2022;32(1):161-191. [doi: 10.1007/s11065-021-09506-3] [Medline:
33871785]

20. Khemiri L, Brynte C, Stunkel A, Klingberg T, Jayaram-Lindström N. Working memory training in alcohol use disorder:
A randomized controlled trial. Alcohol Clin Exp Res. 2019;43(1):135-146. [FREE Full text] [doi: 10.1111/acer.13910]
[Medline: 30462837]

21. Pennington DL, Reavis JV, Cano MT, Walker E, Batki SL. The impact of exercise and virtual reality executive function
training on cognition among heavy drinking veterans with traumatic brain injury: a pilot feasibility study. Front Behav
Neurosci. 2022;16:802711. [FREE Full text] [doi: 10.3389/fnbeh.2022.802711] [Medline: 35391785]

22. Bell MD, Laws HB, Petrakis IB. A randomized controlled trial of cognitive remediation and work therapy in the early
phase of substance use disorder recovery for older veterans: Neurocognitive and substance use outcomes. Psychiatr Rehabil
J. 2017;40(1):94-102. [FREE Full text] [doi: 10.1037/prj0000211] [Medline: 27732034]

23. Fals-Stewart W, Lam WKK. Computer-assisted cognitive rehabilitation for the treatment of patients with substance use
disorders: a randomized clinical trial. Exp Clin Psychopharmacol. 2010;18(1):87-98. [doi: 10.1037/a0018058] [Medline:
20158298]

24. Katz B, Jaeggi S, Buschkuehl M, Stegman A, Shah P. Differential effect of motivational features on training improvements
in school-based cognitive training. Front Hum Neurosci. 2014;8:242. [FREE Full text] [doi: 10.3389/fnhum.2014.00242]
[Medline: 24795603]

25. Jaeggi SM, Buschkuehl M, Jonides J, Shah P. Short- and long-term benefits of cognitive training. Proc Natl Acad Sci U S
A. 2011;108(25):10081-10086. [FREE Full text] [doi: 10.1073/pnas.1103228108] [Medline: 21670271]

26. Deterding S, Khaled R, Nacke L, Dixon D. Gamification: Toward a Definition, in CHI 2011 Gamification Workshop
Proceedings. Vancouver, BC, Canada. ACM; 2011.

27. Fitzgerald M, Ratcliffe G. Serious games, gamification, and serious mental illness: A scoping review. Psychiatr Serv.
2020;71(2):170-183. [doi: 10.1176/appi.ps.201800567] [Medline: 31640521]

28. Gómez-Cambronero Á, Mann A, Mira A, Doherty G, Casteleyn S. Smartphone-based serious games for mental health: a
scoping review. Multimed Tools Appl. 2024;83(36):84047-84094. [doi: 10.1007/s11042-024-18971-w] [Medline: 39553422]

29. World Medical Association. World Medical Association Declaration of Helsinki: ethical principles for medical research
involving human subjects. JAMA. 2013;310(20):2191-2194. [doi: 10.1001/jama.2013.281053] [Medline: 24141714]

30. Mistarz N, Nielsen AS, Andersen K, Goudriaan AE, Skøt L, Mathiasen K, et al. Brain+ AlcoRecover: A randomized
controlled pilot-study and feasibility study of multiple-domain cognitive training using a serious gaming app for treating
alcohol use disorders. Front Psychiatry. 2021;12:727001. [FREE Full text] [doi: 10.3389/fpsyt.2021.727001] [Medline:
34658960]

31. Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT 2010 Statement: Updated guidelines for reporting parallel
group randomised trials. J Clin Epidemiol. 2010;63(8):834-840. [FREE Full text] [doi: 10.1016/j.jclinepi.2010.02.005]
[Medline: 20346629]

32. Eysenbach G, CONSORT-EHEALTH Group. CONSORT-EHEALTH: improving and standardizing evaluation reports of
web-based and mobile health interventions. J Med Internet Res. 2011;13(4):e126. [FREE Full text] [doi: 10.2196/jmir.1923]
[Medline: 22209829]

33. Schulz KF, Grimes DA. Generation of allocation sequences in randomised trials: chance, not choice. Lancet.
2002;359(9305):515-519. [doi: 10.1016/S0140-6736(02)07683-3] [Medline: 11853818]

JMIR Ment Health 2025 | vol. 12 | e67167 | p. 11https://mental.jmir.org/2025/1/e67167
(page number not for citation purposes)

Mistarz et alJMIR MENTAL HEALTH

XSL•FO
RenderX

https://linkinghub.elsevier.com/retrieve/pii/S2451-9022(18)30159-9
http://dx.doi.org/10.1016/j.bpsc.2018.06.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30197048&dopt=Abstract
https://europepmc.org/abstract/MED/34489833
http://dx.doi.org/10.3389/fpsyg.2021.730165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34489833&dopt=Abstract
http://dx.doi.org/10.1016/j.jsat.2021.108689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34952746&dopt=Abstract
https://www.jmir.org/2021/1/e18482/
http://dx.doi.org/10.2196/18482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33512329&dopt=Abstract
https://www.jmir.org/2014/4/e102/
http://dx.doi.org/10.2196/jmir.2923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24742381&dopt=Abstract
http://dx.doi.org/10.15288/jsad.2012.73.625
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22630801&dopt=Abstract
http://dx.doi.org/10.1016/j.ajp.2019.05.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31078094&dopt=Abstract
http://dx.doi.org/10.1007/s11065-021-09506-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33871785&dopt=Abstract
https://europepmc.org/abstract/MED/30462837
http://dx.doi.org/10.1111/acer.13910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30462837&dopt=Abstract
https://europepmc.org/abstract/MED/35391785
http://dx.doi.org/10.3389/fnbeh.2022.802711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35391785&dopt=Abstract
https://europepmc.org/abstract/MED/27732034
http://dx.doi.org/10.1037/prj0000211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27732034&dopt=Abstract
http://dx.doi.org/10.1037/a0018058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20158298&dopt=Abstract
https://europepmc.org/abstract/MED/24795603
http://dx.doi.org/10.3389/fnhum.2014.00242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24795603&dopt=Abstract
https://www.pnas.org/doi/10.1073/pnas.1103228108?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1073/pnas.1103228108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21670271&dopt=Abstract
http://dx.doi.org/10.1176/appi.ps.201800567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31640521&dopt=Abstract
http://dx.doi.org/10.1007/s11042-024-18971-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39553422&dopt=Abstract
http://dx.doi.org/10.1001/jama.2013.281053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24141714&dopt=Abstract
https://europepmc.org/abstract/MED/34658960
http://dx.doi.org/10.3389/fpsyt.2021.727001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34658960&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0895-4356(10)00079-X
http://dx.doi.org/10.1016/j.jclinepi.2010.02.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20346629&dopt=Abstract
https://www.jmir.org/2011/4/e126/
http://dx.doi.org/10.2196/jmir.1923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22209829&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(02)07683-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11853818&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


34. Miller W. Combined Behavioral Intervention Manual. 1 ed. Bethesda, MD. U.S. Department of Health and Human Services;
2004.

35. World Health Organisation. The ICD-10 Classification of Mental and Behavioural Disorders – Clinical descriptions and
diagnostic guidelines. 1 ed. International Statistical Classification of Diseases and Related Health Problems. Geneva,
Switzerland. World Health Organization; 1992.

36. McLellan A, Kushner H, Metzger D, Peters R, Smith I, Grissom G, et al. The fifth edition of the addiction severity index.
J Subst Abuse Treat. 1992;9(3):199-213. [doi: 10.1016/0740-5472(92)90062-s] [Medline: 1334156]

37. Brooke J. SUS - A quick and dirty usability scale. 1 ed. Earley, United Kingdom. Redhatch Consulting Ltd; 1986.
38. Wewers ME, Lowe NK. A critical review of visual analogue scales in the measurement of clinical phenomena. Res Nurs

Health. 1990;13(4):227-236. [doi: 10.1002/nur.4770130405] [Medline: 2197679]
39. Brain+. URL: https://www.brain-plus.com/ [accessed 2025-09-03]
40. Bell MD, Vissicchio NA, Weinstein AJ. Cognitive training and work therapy for the treatment of verbal learning and

memory deficits in veterans with alcohol use disorders. J Dual Diagn. 2016;12(1):83-89. [FREE Full text] [doi:
10.1080/15504263.2016.1145779] [Medline: 26828571]

41. Gunn RL, Gerst KR, Wiemers EA, Redick TS, Finn PR. Predictors of effective working memory training in individuals
with alcohol use disorders. Alcohol Clin Exp Res. 2018;42(12):2432-2441. [FREE Full text] [doi: 10.1111/acer.13892]
[Medline: 30247753]

42. Strickland JC, Hill JC, Stoops WW, Rush CR. Feasibility, acceptability, and initial efficacy of delivering alcohol use
cognitive interventions via crowdsourcing. Alcohol Clin Exp Res. 2019;43(5):888-899. [doi: 10.1111/acer.13987] [Medline:
30888705]

43. Wanmaker S, Leijdesdorff SMJ, Geraerts E, van de Wetering BJM, Renkema PJ, Franken IHA. The efficacy of a working
memory training in substance use patients: a randomized double-blind placebo-controlled clinical trial. J Clin Exp
Neuropsychol. 2018;40(5):473-486. [doi: 10.1080/13803395.2017.1372367] [Medline: 28933254]

Abbreviations
ASI: Addiction Severity Index
AUD: alcohol use disorder
CONSORT: Consolidated Standards of Reporting Trials
CONSORT-EHEALTH: Consolidated Standards of Reporting Trials of Electronic and Mobile Health Applications
and Online Telehealth
DD: drinking days
EF: executive functions
HCL: highest craving level
HD: heavy drinking
HDD: heavy drinking days
ICD-10: International Classification of Diseases the 10th edition
ITT: intention-to-treat
MCL: mean craving level
PP: per-protocol
PSA: processing speed and attention
SUD: substance use disorder
SUS: System Usability Scale
TAU: treatment-as-usual
VAS: Visual Analogue Scale
WM: working memory

Edited by J Torous; submitted 23.Oct.2024; peer-reviewed by S Mukherjee, L D'Adamo; comments to author 05.May.2025; revised
version received 13.Jul.2025; accepted 01.Aug.2025; published 07.Oct.2025

Please cite as:
Mistarz N, Knudsen LV, Mejldal A, Andersen K, Goudriaan A, Skøt L, Maria Michel T, Mellentin AI
A Personalized and Smartphone-Based Serious Gaming App Targeting Cognitive Impairments in Alcohol Use Disorder: Double-Blinded,
Randomized Controlled Efficacy Trial Among Outpatients
JMIR Ment Health 2025;12:e67167
URL: https://mental.jmir.org/2025/1/e67167
doi: 10.2196/67167
PMID:

JMIR Ment Health 2025 | vol. 12 | e67167 | p. 12https://mental.jmir.org/2025/1/e67167
(page number not for citation purposes)

Mistarz et alJMIR MENTAL HEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1016/0740-5472(92)90062-s
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1334156&dopt=Abstract
http://dx.doi.org/10.1002/nur.4770130405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2197679&dopt=Abstract
https://www.brain-plus.com/
https://europepmc.org/abstract/MED/26828571
http://dx.doi.org/10.1080/15504263.2016.1145779
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26828571&dopt=Abstract
https://europepmc.org/abstract/MED/30247753
http://dx.doi.org/10.1111/acer.13892
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30247753&dopt=Abstract
http://dx.doi.org/10.1111/acer.13987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30888705&dopt=Abstract
http://dx.doi.org/10.1080/13803395.2017.1372367
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28933254&dopt=Abstract
https://mental.jmir.org/2025/1/e67167
http://dx.doi.org/10.2196/67167
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


©Nicolaj Mistarz, Laust Vind Knudsen, Anna Mejldal, Kjeld Andersen, Anneke Goudriaan, Lotte Skøt, Tanja Maria Michel,
Angelina Isabella Mellentin. Originally published in JMIR Mental Health (https://mental.jmir.org), 07.Oct.2025. This is an
open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Mental Health, is properly cited. The complete bibliographic information, a
link to the original publication on https://mental.jmir.org/, as well as this copyright and license information must be included.

JMIR Ment Health 2025 | vol. 12 | e67167 | p. 13https://mental.jmir.org/2025/1/e67167
(page number not for citation purposes)

Mistarz et alJMIR MENTAL HEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

