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Abstract
Background: Repetitive transcranial magnetic stimulation induces neural plasticity, which may be maximized via adjunctive
interventions.
Objective: This study aimed to examine the feasibility and acceptability of interleaving computerized cognitive training
(CCT) with accelerated intermittent theta burst (iTBS) repetitive transcranial magnetic stimulation in 2 open-label phase
I trials of amnestic mild cognitive impairment (aMCI; NCT04503096) and poststroke mild cognitive impairment (psMCI;
NCT04655963).
Methods: Participants (aMCI: n=21; and psMCI: n=14) received 24 sessions of accelerated iTBS over 3 days (8 sessions per
day). During the 10‐ to 15-minute intervals between iTBS sessions, participants engaged in CCT via the BrainHQ platform.
During the 4-week follow-up period, participants were asked to complete 20 minutes daily of BrainHQ. Both studies offered
identical compensation for daily practice, but the aMCI group received weekly reminders, whereas the psMCI group did not.
Study-specific questionnaires assessed BrainHQ acceptability (administered post-treatment and at follow-up).
Results: During in-laboratory treatment, the groups completed similar amounts of BrainHQ (aMCI: median 107, IQR 92-121
min; and psMCI: median 111, IQR 93-137 min; P=.51). However, engagement differed during the unmonitored follow-up
(aMCI: median 450, IQR 167-581 min,; and psMCI: median 142, IQR 0-477 min); practice time increased in the aMCI group
but decreased in the psMCI group over the 4 weeks (P=.001). Both groups generally rated BrainHQ positively at both time
points in terms of their experience with the platform, exercises, and perceived benefit for their mood and functioning.
Conclusions: Combined treatment with CCT and accelerated iTBS is feasible and acceptable in people with mild cognitive
impairment. Standardized dosing of CCT is feasibly achieved when interleaved with iTBS sessions and completed in-labora-
tory, but ecological adherence to CCT in an unmonitored, self-directed context likely requires additional supports and may be
influenced by patient characteristics.
Trial Registration: ClinicalTrials.gov NCT04503096; https://clinicaltrials.gov/study/NCT04503096 and NCT04655963;
https://clinicaltrials.gov/study/NCT04655963
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Introduction
Repetitive transcranial magnetic stimulation (rTMS) of the
left dorsolateral prefrontal cortex (l-dlPFC) is a non-invasive
brain stimulation technique that can induce neuroplasticity
[1]. While rTMS has primarily been studied within psychi-
atric disorders (eg, treatment-refractory depression), there
is growing interest in its use as a treatment for cognitive
impairments in neurological disorders, such as mild cogni-
tive impairment (MCI) due to Alzheimer’s disease (AD)
[2] and stroke [3,4]. The evidence base in these neuro-
logical conditions is nascent but steadily growing. Early
meta-analyses of sham-controlled trials of rTMS to enhance
cognitive functions in these conditions have found medium-
to-large effect sizes for MCI and AD dementia [2,4,5] and
more modest but nonetheless positive effects in stroke [3,4,
6,7]. This is particularly promising, given that many other
therapies have limited efficacy in these populations [8-10].

While these results are encouraging, there remains a
significant need to optimize the efficacy of rTMS to l-dlPFC
for cognitive impairment. One approach for doing so is to
incorporate an adjunctive treatment to enhance its effects.
As rTMS can induce neuroplasticity in targeted cognitive
circuitry [11], incorporating computerized cognitive training
(CCT) as an adjunctive intervention may work synergistically
to enhance cognitive gains. CCT uses a restorative approach
to cognitive remediation through repeated practice of tasks or
exercises in specific cognitive domains using a technological
device (eg, a computer or tablet) [12].

CCT has been studied within the context of cognitive
impairment due to AD and stroke. With adequate training
and optimization of the CCT to fit the needs of the intended
population, CCT in middle-aged and older adults with and
without MCI is feasible [13-15]. However, the efficacy of
these interventions for MCI is less clear, as some studies
report improvements in cognition, albeit with small effect
sizes, whereas other studies do not [16-20]. Likely sour-
ces of this variability in findings are the heterogeneity of
research design features, such as CCT platform, exercises,
and dose. Notably, a recent meta-analysis of randomized
or quasi-randomized trials with healthy older adults demon-
strated that 2 platforms, BrainHQ and CogniFit—in contrast
to other commercially available options—have the highest
quality evidence supporting their efficacy [21].

CCT that trains specific cognitive domains is presumed
to enhance performance on similar tasks via neuroplasticity
[16]. As rTMS has also been shown to induce neuroplastic-
ity [22], it is therefore plausible that combining CCT with
rTMS may yield greater cognitive gains than either rTMS
or CCT alone. CCT is a particularly attractive complement
to rTMS, given that it poses minimal clinical burden, is

cost-effective and low risk, and can be self-administered
in between rTMS sessions. However, to date, CCT and
rTMS have mostly been studied in isolation, and there is
only limited literature examining the combination of these
interventions [23]. Moreover, the majority of studies have
focused on once-daily rTMS over weeks, which can be quite
burdensome, as it requires daily trips to a laboratory or clinic
for treatment. Newer rTMS protocols, such as accelerated
intermittent theta burst stimulation (iTBS), which delivers
similar or higher doses than conventional rTMS in as little
as 3 multi-session days [24], are better suited for combina-
tion with CCT, as it can be interleaved between same-day
iTBS sessions. Critically, the feasibility and acceptability
of combined accelerated iTBS and CCT have yet to be
established, which is an important first step. For example, the
common, albeit mild and transient, side effects of rTMS (eg,
headache [25]) may impact engagement with CCT; therefore,
it should not be assumed that the feasibility and acceptability
of each intervention in isolation apply to their joint delivery.

To this end, we conducted 2 open-label phase I clinical
trials of accelerated iTBS to the l-dlPFC with interleaved
CCT via the empirically supported BrainHQ platform in
adults with amnestic MCI (aMCI) due to possible AD
(NCT04503096) or poststroke MCI (psMCI; NCT04655963).
While the primary aim of these studies, with parallel designs,
was to establish the safety of accelerated iTBS treatment
in these groups, an exploratory aim was to examine the
feasibility and acceptability of interleaved CCT. Acceler-
ated iTBS was delivered with multiple same-day sessions
separated by 10‐ to 15-minute intersession intervals, making
it ideally suited for combination with CCT. As such, we
administered BrainHQ in a standard, supervised manner
during the intervals between 8 accelerated iTBS sessions
on each of 3 treatment days. At post-treatment, participants
were asked to independently engage in BrainHQ for 20
minutes daily over a 4-week follow-up period. The purpose
of including this follow-up phase was to assess ecological
adherence to CCT outside of the monitored laboratory setting.
This can inform the design of future trials that are likely to
include CCT engagement outside of iTBS treatment visits,
capitalizing on the post-iTBS window of neuroplasticity and
enabling an increase in CCT dose to potentially efficacious
ranges.

Here, we report data on feasibility (ie, retention and
adherence), engagement (ie, usage patterns and types of
programs and exercises completed), and acceptability ratings
observed over the treatment phase and the 4-week follow-up
period. Due to the standardized administration of BrainHQ
during accelerated iTBS treatment, a post-treatment com-
pensation schedule that incentivized use, modest daily use
expectations, and a comparable degree of cognitive function
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between groups (ie, no dementia), we hypothesized that
engagement in BrainHQ during and post-treatment would be
comparable across both MCI groups. We similarly expected
that interleaved BrainHQ would be rated as acceptable on
questionnaires that assess participants’ experiences.

Methods
Ethical Considerations
Both studies were approved by the Medical Univer-
sity of South Carolina’s (MUSC) Institutional Review
Board and were pre-registered in ClinicalTrials.gov
(aMCI: NCT04503096; and psMCI: NCT04655963; IRB
Pro00100536 and Pro00083136, respectively). All partici-
pants provided written informed consent and were informed
of their right to withdraw from the study at any time
without penalty. Participant privacy and confidentiality were
strictly maintained in accordance with IRB requirements,
and no personally identifiable information is reported in
this manuscript or supplementary materials. Participants were
offered compensation at the rate of US $4.50 per comple-
ted 20-minute session per day, equating to up to US $126
total. Efforts to reduce potential sources of bias in these
open-label trials included (1) minimizing selection bias by
using rigorous and predefined eligibility criteria applied
consistently to all participants; (2) minimizing confounding
factors by constraining disease severity to MCI and excluding
comorbidities likely to impact the study outcomes; and (3)
avoiding reporting bias through trial pre-registration and a
transparent and complete description of the study procedures,
outcome measures, hypotheses, planned analyses, and results.
The primary results from the aMCI trial focused on safety,
feasibility, and acceptability of iTBS are reported in a study
by Aghamoosa et al [26]. The description of the BrainHQ
methods adheres to the Template for Intervention Description
and Replication (TIDieR) checklist [27], as described below
and summarized in Table S1 in Multimedia Appendix 1.
Participants

Overview
Trained coordinators screened potential participants for
eligibility over the phone and using the participant’s
electronic health record, with appropriate permissions. The
following 2 paragraphs describe the eligibility criteria that
were unique to each study, and the last paragraph describes
the criteria shared by both studies. Target sample sizes were
selected to generate estimates of the trials’ primary outcomes
(ie, accelerated iTBS treatment feasibility, acceptability, and
outcome variability) for use in planning subsequent trials.

aMCI Participants
Twenty-two participants enrolled in the study and initiated
treatment, and 21 completed all procedures. Participants
were recruited from MUSC Neurology and Neuropsychol-
ogy outpatient clinics. Participants had to be aged between
60 and 85 years and diagnosed with MCI due to possible
AD by a neurologist or neuropsychologist within the last

2 years, using National Institute on Aging and Alzheimer's
Association (NIA-AA) criteria [28]. They also needed to meet
actuarial neuropsychological criteria for aMCI upon clinical
assessment, which requires impairment (≤16th percentile
using demographically corrected norms) in ≥2 scores within
one cognitive domain or ≥1 score in ≥3 domains, one of
which being memory [29]. The primary suspected cause had
to be possible or probable AD, with other primary, competing
etiologies (eg, psychiatric, movement disorder, stroke, and
reversible causes) ruled out.

psMCI Participants
Twenty-one participants enrolled in the study; 15 (71%)
initiated treatment, and 14 (67%) completed all procedures.
Participants were recruited from the National Institutes of
Health (NIH)–funded COBRE for Stroke Recovery Regis-
try at MUSC and from the community (eg, advertisements,
community events, and social media). All participants had
to be aged ≥40 years and have a history of ischemic or
hemorrhagic stroke (with intact cortex under the transcranial
magnetic stimulation coil) with at least 6-month chronicity.
Acute or subacute hemorrhage or any age bilateral hem-
orrhage or hemorrhage with mass effect, confirmed with
scanning, was exclusionary. Participants had to retain the
ability to perform the cognitive tasks (eg, no moderate to
severe global aphasia or visual impairment). Although not
required for enrollment, we retrospectively confirmed that all
psMCI participants met actuarial neuropsychological criteria
for MCI [29] on the neuropsychological testing completed
during the study.

For both groups, contraindications to magnetic resonance
imaging (MRI) or rTMS were exclusionary, including
electrically, magnetically, or mechanically activated metal
or nonmetal implants; pregnancy; claustrophobia; history
of a seizure disorder; or preexisting scalp lesion, wound,
bone defect, or hemicraniectomy. Additional exclusionary
criteria included a clinical diagnosis of major neurocogni-
tive disorder or dementia, history of significant or unstable
medical conditions that could have affected cognition (eg,
lifetime substance or alcohol use disorder, severe mental
illness, other neurological disorders, severe cardiometabolic
disorders, and developmental disorders), no detectable active
or passive motor threshold in the paretic or nonparetic right
hand, and current enrollment in a clinical trial that involved
any investigational treatment. Participants were excluded
if they endorsed daily or weekly use of anticholinergics,
neuroleptics, sedative-hypnotics, bupropion, or stimulants
(unless stimulant use was deemed low risk by the coinvestiga-
tor physician safety monitor). Use of cholinesterase inhib-
itors, N-methyl-D-aspartate (NMDA) receptor antagonists,
and antidepressants was permitted if the participant was on
a stable regimen for at least 4 weeks prior to enrollment.
Participants were required to have English as their first or
primary language.
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Procedures

Study Design Overview
These 2 pilot studies were designed to have parallel proce-
dures, although they were not conducted simultaneously and
were not identical. There were minor differences in some
study procedures (eg, experience questionnaire and delivery
of BrainHQ post-treatment) arising from differences in study
aims and refinements to the aMCI study based on lessons
learned from the psMCI study, which started first. These trials
were open-label phase I studies (see a study by Agha-
moosa et al [26] for details). Potential participants under-
went screening to determine eligibility and provided written
informed consent. All in-person procedures were conduc-
ted in research-designated space at an academic medical
center. Participants completed the testing of resting motor
threshold at pretreatment. Pre- and posttreatment assess-
ments (including self-reported demographic characteristics
and medical history, neuropsychological testing, neuropsychi-
atric interviews and questionnaires, and brain MRI) were
completed within 1 week of treatment initiation and termi-
nation. Participants completed 3 accelerated iTBS treatment
days with interleaved CCT. In the interest of feasibility
and acceptability, participants chose which 3 days within
an 8-day span to receive treatment. For the 4 weeks after
treatment, participants were asked to complete BrainHQ for
20 minutes per day at home using their own device and
completed weekly online questionnaires. Study iPad Minis
were available if participants did not have their own device,
but no participants chose this option. At the end of the 4-week
monitoring period, they completed a telehealth follow-up
assessment (questionnaires and a global cognitive screening
measure). Participants were compensated for completion of
each study visit and engagement in BrainHQ during the
follow-up period (as described in the following sections). The
aMCI participants completed the study between 2021 and
2022. All psMCI participants completed the study in 2021.
Accelerated iTBS Treatment
Both groups received identical accelerated iTBS treatment.
Each participant completed 3 accelerated iTBS treatment days
(~2 h per day), each consisting of 8 iTBS sessions with
10‐ to 15-minute inter-session intervals (24 total sessions).
Treatment was delivered using a MagVenture MagPro TMS
System with a figure-8 coil. We administered 600 pulses per
session (14,400 total pulses) in 50 Hz triplets at 120% of
resting motor threshold (2-s trains repeated every 10 s with
8-s inter-train intervals for 190 s). Stimulation was targeted to
the l-dlPFC at F3 using scalp measurements from the 10 to
20 electroencephalogram (EEG) system [30]. The Brainsight
NeuroNavigation System (Rogue Research Inc) was used to
ensure precise and consistent coil placement across sessions.

CCT via BrainHQ
Participants engaged in Posit Science’s online BrainHQ
exercises (version 7.13; Posit Science Corporation). During
the in-laboratory treatment phase, BrainHQ was delivered
in 10‐ to 15-minute intervals between each of the 8 accel-
erated iTBS sessions (ie, 7 BrainHQ sessions per treatment

day for 210‐315 total minutes) on a study-provided iPad
(10.2-inch iPad, 8th generation, iOS 16.4; Apple Inc). After
each accelerated iTBS session, study staff handed the iPad to
participants to complete the BrainHQ exercises and remained
present to answer any questions. During the 4-week follow-up
period, participants were asked to independently complete at
least 20 minutes of BrainHQ exercises per day (7 sessions per
week, 28 total sessions, and 560 total minutes) on their own
device (ie, computer, tablet, or smartphone) in their preferred
location.

The BrainHQ platform is commercially available and
includes exercises in 6 BrainHQ-defined categories: attention,
brain speed, memory, people skills, intelligence, and
navigation. Most exercises require an upper extremity motor
response (eg, touch screen or mouse click), and many
require speeded responses even if they are not in the “brain
speed” domain; hence, there is some overlap in the cogni-
tive processes being trained across domains. Participants are
provided feedback on their performance on each exercise,
and the exercises are adaptive, becoming more difficult
if performance improves. BrainHQ records the number of
seconds engaged in each exercise. A detailed description of
each exercise and additional information about the BrainHQ
platform can be found on the website provided earlier.

Participants were shown how to use the BrainHQ platform
by study staff, who were available to answer questions
as needed. Additionally, the BrainHQ platform includes
instructions and a sample item for each exercise. During
the treatment phase, participants were instructed to use the
adaptive “personal trainer” option that selects exercises and
difficulty levels based on past performance. During the
4-week follow-up phase, aMCI participants were instructed
that they could use either the personal trainer or the “a la
carte” option, in which participants select which exercise they
would like to complete. psMCI participants were instructed
to continue to use the personal trainer during the follow-up
phase, but they did have access to the à la carte option.
CCT during the follow-up phase was self-administered at
the participants’ preferred location and was not actively
monitored but was recorded via the BrainHQ platform. In
the aMCI study, participants were reminded to complete
the BrainHQ activities via an automated weekly email. The
psMCI study did not send BrainHQ reminders. BrainHQ was
not tailored beyond the built-in adaptivity, and no modifica-
tions were made to the BrainHQ protocol during the study.
Measures

Sample Characterization
The NINDS (National Institute of Neurological Disorders
and Stroke) and Canadian Stroke Network neuropsycholog-
ical test battery [31] was used to characterize baseline
cognitive function. This battery includes the Hopkins Verbal
Learning Test-Revised, Digit Span Forward and Backward,
Digit Symbol Coding, Trail Making Tests A & B, semantic
(animal) fluency, and phonemic (letter) fluency. Age-adjusted
norms provided in the test’s manual were used to correct
Hopkins Verbal Learning Test-Revised scores (immediate
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recall, delayed recall, retention, and recognition), while other
scores were corrected for age, sex, and years of education
using normative calculators published in the literature (ie,
Digit Span and Digit Symbol Coding scores [32] and Trail
Making Tests and verbal fluencies [33]). We report normative
percentile scores for each test.

Feasibility
We assessed the feasibility of combining BrainHQ with
accelerated iTBS by evaluating study retention and adher-
ence. Retention was measured as the percentage of par-
ticipants who initiated treatment and completed all study
procedures. Adherence to BrainHQ was assessed separately
for each MCI group and for the in-laboratory treatment phase
and 4-week follow-up phase, the latter being referred to as
ecological adherence. For the treatment phase, adherence was
measured as the percentage of prescribed minutes completed
out of the total 210 minutes across the 3 treatment days.
We could not compute adherence to the number of same-
day sessions during the treatment phase as the data were
labeled by treatment day, not individual sessions, precluding
the enumeration of completed sessions. For the follow-up
phase, ecological adherence was measured as the percent-
age of target minutes completed out of the target total of
560 minutes. We also report the percentage of participants
completing all 28 daily sessions and the number of comple-
ted sessions (ie, how many days trained) over the 4-week
follow-up period.

Engagement
To explore how participants interacted with BrainHQ, we
evaluated several aspects of engagement across the 2 MCI
groups. These included the overall patterns of practice time,
the types of exercises completed, and the devices used to
complete practice during the treatment and follow-up phases.

Acceptability
To evaluate the acceptability of BrainHQ, participants
were asked to complete study-specific questionnaires that
solicited feedback on their experience. Each questionnaire
was administered immediately after the treatment phase and
again at the conclusion of the 4-week follow-up period.

The questionnaire used in the psMCI study was developed
first and then modified for the aMCI study, considering
feedback from the initial questionnaire and differences in the
type of experience data sought by each study. Both question-
naires inquired about the impact of BrainHQ on functioning,
participants’ experiences (such as enjoyment and frustration)
with the exercises, and the overall usability experience with
the BrainHQ platform.
Statistical Analyses
Differences in demographic and clinical characteristics
between groups were examined using Wilcoxon rank-sum
tests and chi-squared or Fisher exact tests, as appropriate.
We present descriptive statistics to summarize adherence,
engagement, and acceptability for each group. Wilcoxon
rank-sum tests were used to compare the total number of
minutes of engagement with the BrainHQ exercises between
the aMCI and psMCI groups during the supervised treatment
phase. During the unsupervised follow-up phase, a rank-based
nonparametric alternative to a repeated-measures ANOVA
was performed using the nparLD 2.2 package in R (4.4.2),
which produces ANOVA-type statistics (ATS) [34]. This
analysis tested whether there was a difference in the number
of minutes of engagement in BrainHQ by the MCI group
across all weeks as well as whether engagement changed
across the weeks by group (ie, a group-by-week interaction).

Results
Participants
Demographic and cognitive characteristics are summarized
in Table 1. Consistent with the differing age range criteria
in the 2 studies, participants in the aMCI group were older
than those in the psMCI group. The groups did not differ
significantly by sex, and both groups were predominantly
non-Hispanic White. Consistent with their distinct underly-
ing etiologies, the 2 MCI groups demonstrated differences
in cognitive functioning (ie, poorer memory and semantic
fluency in the aMCI group and poorer processing speed in the
psMCI group).

Table 1. Demographic and cognitive characteristics.
Demographic or cognitive characteristics aMCIa (n=21) psMCIb (n=14) P value
Age (y), median (IQR) 72 (69.5‐78.5) 65 (61.3‐72) .003c

Sex n (%) .16
  Male 11 (52%) 11 (79%)
  Female 10 (48%) 3 (21%)
Education, median (IQR) 16 (14-17) 14.5 (12-16) .19
Race or ethnicity, n (%) .07
  Non-Hispanic White 20 (95) 10 (71) —d

  Non-Hispanic Black or African American 1 (5) 4 (29) —
Neuropsychological battery, median percentile (IQR)
  HVLT-Re immediate recall 3 (1-14) 14 (1.75‐32.75) .08
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Demographic or cognitive characteristics aMCIa (n=21) psMCIb (n=14) P value
  HVLT-R delayed recall 0 (0‐0) 1 (0.75‐10.5) .001c

  HVLT-R retention 0 (0‐0) 5 (0‐7) .003c

  HVLT-R recognition 0 (0‐3.5) 6.5 (0‐15) .07
  Digits forward 22 (8-37) 39.5 (12.75‐53) .13
  Digits backward 24 (14‐43.5) 19.5 (7‐47.75) .39
  Trails A 12 (0‐56) 2.5 (0‐6.25) .10
  Trails B 2 (0‐42.5) 10 (0‐28.25) ≥.99
  Digit symbol coding 31 (11-41) 3.5 (1‐22.25) .03c

  Animal fluency 8 (2.5‐19.5) 27.5 (12.75‐34.25) .006c
  Letter fluency 28 (11.5‐52) 38.5 (12.5‐68.25) .34

aaMCI: amnestic mild cognitive impairment.
bpsMCI: post-stroke mild cognitive impairment.
cP<.05.
dNot applicable.
eHVLT-R: Hopkins Verbal Learning Test-Revised.

BrainHQ Feasibility
Retention was high in both studies. One treatment initiator
withdrew from the aMCI group (ie, 21/22, 95.5% comple-
ted all study procedures). All participants in the psMCI
group who initiated treatment completed study procedures (ie,
14/14, 100%).

Adherence to BrainHQ during the in-laboratory treatment
phase was similar in the 2 groups, with both groups com-
pleting approximately half of the prescribed 210 minutes:
aMCI group median: 51.1% (IQR 43.6%‐57.6%; range
12.9%‐79.5%) of minutes and psMCI group median: 52.9%
(IQR 44.4%‐65.3%; range 44.1%‐78.4%; see see Table 2
for the median number of minutes). No participant in either
group completed 210 minutes during the treatment phase.
Ecological adherence to the target 560 minutes of BrainHQ
during the 4-week follow-up phase was higher in the aMCI

group (median 80.2%, IQR 29.9%‐103.7% of minutes; range:
0%‐172.4%) than in the psMCI group (median 25.3%, IQR
0%‐85.3% of minutes; range: 0%‐192.4%). The percentage of
participants who completed the target 560 minutes over the 4
weeks was 33.3% in the aMCI group and 21.4% in the psMCI
group. The percentage of participants who met weekly goals
(ie, target 140 min/wk) was variable in the aMCI group: week
1, 2 (10%) participants; week 2, 12 (57%) participants; week
3, 5 (24%) participants; and week 4, 7 (33%) participants.
The percentage of psMCI participants who completed the
target 140 minutes each week was lower and relatively stable:
week 1, 3 (21%) participants; week 2, 5 (36%) participants;
week 3, 3 (21%) participants; and week 4, 2 (14%) partici-
pants. In both groups, no participant (ie, 0%) completed the
target 28 sessions of daily BrainHQ. The aMCI group median
number of sessions was 16 (IQR 9‐21), and the median for
the psMCI group was 4 (IQR 1‐14).

Table 2. Median minutes of BrainHQ during repetitive transcranial magnetic stimulation (rTMS) treatment and in 4-week follow-up.
aMCIa (n=21) psMCIb (n=14)
Minutes, median
(IQR)

Range Participants who did
not do BrainHQ, n (%)

Minutes, median
(IQR)

Range Participants who did not
do BrainHQ, n (%)

rTMS treatment phase
  Treatment day 1 25.7

(19.6‐33.9)
6.25‐47.4 1 (5) 42.4

(32.2‐49.7)
22.8‐59.1 2 (14)

  Treatment day 2 38.5
(32.4‐45.9)

13.9‐59.6 0
(0)

40.1
(27.6‐51)

17.7‐60.4 1 (7)

  Treatment day 3 42.8
(32.2‐52.8)

10‐70.5 0
(0)

40.2
(27.8‐56.3)

19.8‐73 0
(0)

  Total 107.2 (91.6–121.0) 27.2-167.0 0 (0) 111.0 (93.2-137.2) 44.1–164.7 0 (0)
Follow-up phase
  Week 1 34.3

(0‐97.6)
0‐178.6 7 (33) 28.6

(0‐109.8)
0‐282.9 5 (36)

  Week 2 152.4
(71.3‐177.5)

0‐392.7 3 (14) 27.5
(0‐214.9)

0‐350.8 7 (50)

  Week 3 116.4
(49.2‐142.6)

0‐241.9 4 (19) 0
(0‐94.4)

0‐269 8 (57)
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aMCIa (n=21) psMCIb (n=14)
Minutes, median
(IQR)

Range Participants who did
not do BrainHQ, n (%)

Minutes, median
(IQR)

Range Participants who did not
do BrainHQ, n (%)

  Week 4 124.9
(63.2‐163.4)

0‐287.9 2 (10) 0
(0‐56.2)

0‐281.1 9 (64)

  Total 449.5 (167.3-580.5) 0-965.4 1 (5) 142.0 (0-477.4) 0-1077.7 5 (36)
aaMCI: amnestic mild cognitive impairment.
bpsMCI: post-stroke mild cognitive impairment.

BrainHQ Engagement
The median and IQR minutes of BrainHQ exercises comple-
ted on each treatment day and during the 4-week follow-up
period are included in Table 2 and depicted in Figure 1. The

mean minutes spent engaging in exercise domain on each
treatment day and during each week of the 4-week follow-up
period are depicted in Figure 2.

Figure 1. Median (IQR) minutes of BrainHQ engagement during repetitive transcranial magnetic stimulation treatment and in 4-week follow-up.
Missing datapoints were excluded from the treatment phase figures. aMCI: amnestic mild cognitive impairment; psMCI: post-stroke mild cognitive
impairment.
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Figure 2. Mean minutes of BrainHQ engagement by exercise domain. aMCI: amnestic mild cognitive impairment; psMCI: post-stroke mild cognitive
impairment; Tx: treatment.

Treatment Phase
Participants in the aMCI group and the psMCI group
completed a comparable number of minutes of BrainHQ
exercises during the treatment phase. The groups also
engaged in comparable numbers of exercises per cognitive
domain during the treatment phase (ie, primarily the brain
speed and attention domains), but the aMCI group engaged
in twice as many different exercise types. In the aMCI group,

most of the completed exercises were in the domains of brain
speed (59.7%) and attention (35.4%), with some engagement
in the memory (4.8%) and navigation (0.1%) domains. Ten
different exercises were completed. In the psMCI group,
all completed exercises were in the domains of brain speed
(45.6%) and attention (54.4%) and included 5 exercises.
Specific exercises that comprised >5% of the exercises by
group are reported in Table 3.

JMIR NEUROTECHNOLOGY Campbell et al

https://neuro.jmir.org/2026/1/e81437 JMIR Neurotech 2026 | vol. 5 | e81437 | p. 8
(page number not for citation purposes)

https://neuro.jmir.org/2026/1/e81437


Table 3. BrainHQ exercises by domaina.
BrainHQ domain aMCIb group BrainHQ exercises psMCIc group BrainHQ exercises
Treatment phase
  Brain Speed • Eye for Detail: 20.2%

• Hawk Eye: 15%
• Visual Sweeps: 13.1%
• Sound Sweeps: 11.4%

• Eye for Detail: 18.7%
• Hawk Eye: 18.4%
• Visual Sweeps: 17.2%

  Attention • Target Tracker: 19.2%
• Double Decision: 15.7%

• Double Decision: 24.5%
• Target Tracker: 21.1%

Follow-up phase
  Brain Speed • Eye for Detail: 17.6%

• Hawk Eye: 8.3%
• Sound Sweeps: 6.6%
• Visual Sweeps: 6.6%

• Eye for Detail: 12.9%
• Sound Sweeps: 10.2%
• Visual Sweeps: 7.9%
• Fine Tuning: 6.7%

  Attention • Target Tracker: 13.2%
• Double Decision: 10.4%
• Divided Attention: 8.8%

• Target Tracker: 9.5%
• Double Decision: 8.7%

  Memory —d • Memory Grid: 7.7%
• Syllable Stacks: 7.4%

  Intelligence — • Mind Bender: 7.5%
• Juggle Factor: 6.2%

aExercises that comprised ≤5 of the exercises are not included.
baMCI: amnestic mild cognitive impairment.
cpsMCI: post-stroke cognitive impairment.
dNot applicable.

Follow-Up Phase
Twenty (95%) of 21 participants in the aMCI group comple-
ted BrainHQ exercises in the follow-up phase. In contrast, in
the psMCI group, only 9 (64%) of 14 participants completed
any BrainHQ exercise in the follow-up phase. The proportion
of those who engaged in any BrainHQ exercise significantly
differed for weeks 3 and 4 (Fisher exact P<.03) as well as
across all weeks combined (Fisher exact P=.03). Nonparamet-
ric longitudinal analyses showed that the number of minutes
of engagement with BrainHQ exercises did not significantly
differ between the 2 groups (ATS=3.06; P=.08). However,
these analyses also showed that the number of minutes that
aMCI participants completed increased over time compared
to that of the psMCI group (ATS=6.72; P=.001), which
decreased over the follow-up period. See Table 2 for the
median number of minutes per week.

The variety of exercise types completed during follow-
up was similar to the treatment phase. In the aMCI group,
most exercises were in the brain speed (39.7%) and attention
(36.9%) domains, followed by memory (8.5%), intelligence
(5.8%), people skills (5.4%), and navigation (3.7%). A total
of 28 different exercises were completed during the follow-up
phase (Table 3). In the psMCI group, 38.2% of exercises
during follow-up were in the domain of brain speed, followed
by attention (24.5%), memory (19.7%), intelligence (13.7%),
and people skills (3.9%). Fifteen different exercises were
completed during the follow-up phase.

The aMCI group completed 2915 total exercises in the
follow-up period. Of those, 62.5% were completed using the

personal trainer option, and 48.5% were completed via the a
la carte option in which participants chose the exercise, with
11 (55%) of 20 participants using the à la carte option for at
least some follow-up-phase exercises. In comparison, of the
1224 exercises in the follow-up period that the psMCI group
completed, only 1.7% of the exercises were completed via the
à la carte option; only 1 (11%) of 9 psMCI participants who
completed BrainHQ exercises during follow-up used the à la
carte option.

In terms of device used, in the aMCI group, most exercises
(60.5%) were completed on an iPad, followed by 22.6%
completed via a web browser, 11.8% completed on an iPhone,
and 5.1% completed on an Android device. Similarly, in the
psMCI group, most exercises were completed using an iPad
(41.3%), followed by 33.7% completed via a web browser,
24.2% via an Android device, and 0.8% via an iPhone.
BrainHQ Acceptability
Medians and interquartile ranges for the items from the
study-specific experience questionnaires are reported in Table
4 for the aMCI group and Table 5 for the psMCI group.
Of note, although not all participants engaged with BrainHQ
during the follow-up phase, all participants provided ratings
of their experience immediately posttreatment. Thus, in Table
4, we present ratings separately for all participants post-treat-
ment, all participants post-study, and the subset of partici-
pants who engaged in any BrainHQ during follow-up.

JMIR NEUROTECHNOLOGY Campbell et al

https://neuro.jmir.org/2026/1/e81437 JMIR Neurotech 2026 | vol. 5 | e81437 | p. 9
(page number not for citation purposes)

https://neuro.jmir.org/2026/1/e81437


Table 4. aMCIa group (n=21) BrainHQ experience questionnaire data.
Question Post-TMSb

(n=21), median (IQR)
Post-study
(n=21), median (IQR)

Post-study BrainHQ Engagers (n=20),
median (IQR)

Rating scale (1=made things a lot worse, 2=made things somewhat worse, 3=made no difference, 4=made things somewhat better, 5=made things a lot
better)
  How much did this treatment help with

your mood?
4 (3-5) 4 (3-5) 4 (3-4)

  How much did this treatment help with
your cognitive functioning?

4 (3-5) 4 (3-4) 4 (3-5)

Rating scale (1=strongly disagree, 2=disagree, 3=neutral, 4=agree, 5=strongly agree)
  I became tired of doing BrainHQ exercises 2 (1-3) 2 (1-3) 2 (1-3)
  I got frustrated using BrainHQ 2 (1-3) 3 (1-4) 3 (1-4)
  I feel the BrainHQ exercises were

appropriately challenging
5 (4-5) 5 (4-5) 5 (4-5)

  I tried my best on all the BrainHQ
exercises

5 (5-5) 5 (5-5) 5 (4.25-5)

  I thought the BrainHQ exercise were fun 4 (4-5) 4 (3-4) 4 (3-4)
Rating scale (1=strongly disagree, 2=disagree, 3=neutral, 4=agree, 5=strongly agree)
  The research coordinators followed up

with me to make sure I was completing
my BrainHQ exercises

5 (5-5) 5 (4-5) 5 (4-5)

  I understood what to do for each BrainHQ
exercise

4 (4-5) 4 (4-5) 4 (3-5)

  The research coordinators adequately
explained how to use BrainHQ

5 (5-5) 5 (4-5) 5 (4-5)

  I feel the BrainHQ website was easy to
navigate

4 (4-5) 4 (4-5) 4 (4-5)

  I was able to access the BrainHQ exercises
at home without any problems

—c 5 (4-5) 5 (4-5)

  I was satisfied with the feedback I got
from BrainHQ about my performance on
the exercises

5 (4-5) 4 (4-5) 4 (4-5)

aaMCI: amnestic mild cognitive impairment.
bTMS: transcranial magnetic stimulation.
cNot applicable.

Table 5. psMCIa group (n=14) BrainHQ experience questionnaire data.
Question Post-TMSb

(n=14), median (IQR)
Post-study
(n=14), median (IQR)

Post-study BrainHQ engagers
(n=9), median (IQR)

Rating scale (1=not at all, 2, 3=somewhat, 4, 5=very much so)
  The BrainHQ exercises helped improve my day-to-day activity

levels and overall functioning.
3
(2-4)

3
(3-5)

3
(3-5)

  The BrainHQ exercises helped improve mental abilities (eg,
concentration, remembering, thinking, or making decisions).

3.5
(3-5)

4
(3-5)c

4
(3-4.75)d

Rating scale (1=not at all, 2, 3=somewhat, 4, 5=very much so)
  The BrainHQ sessions were overly time consuming and interfered

with my daily life/responsibilities.
1
(1-1)

1
(1-1)

1
(1-1.5)

  The BrainHQ sessions were overall difficult and burdensome. 1
(1-2)

2
(1-2)

2
(1-3)

  I became bored with the BrainHQ training exercises. 1
(1-1)

1
(1-2)

1
(1-2.5)

  I was engaged and tried my best to do well on the BrainHQ training
exercises.

5
(5-5)

5
(5-5)

5
(5-5)

  I was motivated to engage with and complete the BrainHQ training
exercises.

5
(5-5)

5
(5-5)c

5
(4-5)

  I enjoyed the BrainHQ training exercises. 5 4.5 4
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Question Post-TMSb

(n=14), median (IQR)
Post-study
(n=14), median (IQR)

Post-study BrainHQ engagers
(n=9), median (IQR)

(4-5) (4-5) (4-5)
Rating scale (1=not at all, 2, 3=somewhat, 4, 5=very much so)
  I would participate in studies that involve completing tasks similar

to the BrainHQ training exercises.
5
(4.25-5)

5
(4.25-5)c

5
(4.5-5)

  I am interested to learn what the researchers discover about the
effects of the BrainHQ exercises on problems similar to mine.

5
(5-5)

5
(5-5)c

5
(5-5)

  I am interested to learn more about the BrainHQ training exercises. 5
(5-5)

5
(4-5)

5
(4.5-5)

  I would be interested in continuing BrainHQ exercises. 5
(4-5)

5
(4-5)

5
(4.5-5)

  It would be beneficial if the BrainHQ training exercises were
offered to me by my regular treatment providers.

4
(3-5)

4
(3-5)

5
(3-5)

  I would recommend the BrainHQ exercises to a friend who
experiences similar problems.

5
(5-5)

5
(4.25-5)

5
(4.5-5)

  The instructions for using the BrainHQ website were explained
clearly and were easy to understand.

5
(4-5)

5
(5-5)c

5
(4.5-5)

apsMCI: post-stroke mild cognitive impairment.
bTMS: transcranial magnetic stimulation.
cn=13.
dn=8.

Participants in the aMCI group, on average, rated the
BrainHQ exercises as making their cognitive functioning
and mood “somewhat better” at both post-treatment and
4-week follow-up. The aMCI participants generally rated
their experience with BrainHQ positively at both time points;
they found the exercises fun, appropriately challenging, not
tiresome or frustrating, and they indicated that they tried their
best. Finally, aMCI participants rated their experience with
the BrainHQ platform as positive, finding it easy to navigate
and access and adequately explained, understanding what to
do, and being generally satisfied with the feedback from the
BrainHQ platform at both time points.

Participants in the psMCI group generally rated the
BrainHQ exercises as “somewhat” to “very much so” helpful
in improving mental abilities and everyday functioning both
post-treatment and at 4-week follow-up. psMCI participants
also rated their experience with BrainHQ positively in terms
of their motivation, trying their best, and enjoyment, and
overall did not find BrainHQ exercises time-consuming,
difficult or burdensome, or boring at both time points. On
average, psMCI participants rated the platform positively,
finding that it was easy to understand and that they had
interest in continuing, interest in learning more about it or
participating in similar studies, and that they would rec-
ommend the platform. Ratings of BrainHQ were similar
posttreatment and post 4-week follow-up, despite somewhat
limited engagement with BrainHQ in the follow-up period.

Discussion
Principal Findings
These 2 pilot studies provide preliminary support for
the feasibility and acceptability of interleaving CCT with
accelerated iTBS for people with MCI, given that there
was comparably high engagement in the BrainHQ exercises
during the in-laboratory treatment phase across both groups.
This was consistent with our hypothesis, given the structured
nature of administration after each accelerated iTBS session.
Although, on average, participants completed only approxi-
mately half of the possible 210 training minutes, this finding
is somewhat expected. The 10‐ to 15-minute inter-session
intervals used for delivering CCT also had to include time
spent navigating the platform, transitioning in and out of
BrainHQ from iTBS sessions, and taking breaks (eg, resting
in between sessions and using the restroom). Future studies
using intermittent CCT will need to account for these timing
factors when planning training time.

The groups differentially engaged with BrainHQ during
the 4-week unsupervised follow-up phase. The engagement
rate increased in the aMCI group over the 4 weeks, with
most participants independently engaging with BrainHQ
in the follow-up phase. Engagement in the psMCI group
was numerically lower, although not statistically significant,
and decreased over time, with the majority of participants
not engaging with BrainHQ in follow-up weeks 3 and 4.
Generally, this indicates that ecological adherence to CCT
following iTBS may be feasible for many persons with
MCI, although some patients may require more support (eg,
regular reminders, in clinic, with care partner) to reach CCT
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engagement goals following iTBS. Notably, while several
in the aMCI group and some in the psMCI group met the
prescribed number of minutes in the follow-up phase, no
participant in either group completed daily BrainHQ practice
(ie, all 28 d). This may suggest that a minute-based tar-
get may be more attainable than a day-based one or that
daily training may not be feasible in these populations.
For both groups, the most commonly completed exercises
were in the domains of attention and brain speed in both
the treatment and follow-up phases. During the follow-up
phase, the psMCI group engaged in somewhat more memory
and intelligence exercises than those with aMCI; however,
differences in exercise choice are difficult to interpret, given
the lower engagement in this group. Finally, despite this
differential engagement, both groups rated the acceptability
of the BrainHQ exercises positively.

One of the most salient findings was that during the
self-administered follow-up phase, the aMCI group, on
average, completed closer to the recommended BrainHQ
engagement time of 140 minutes per week, whereas the
psMCI group, on average, did not complete the prescribed
number of minutes, and engagement decreased over time.
Likely contributors to this observed difference in ecologi-
cal adherence are differences in study design. Notably, the
aMCI study provided weekly email reminders to complete
the daily CCT, whereas the psMCI study did not. These
findings suggest that in cognitively impaired samples, the
use of regular reminders and other remote supports may
be necessary to support completion of CCT outside of the
laboratory setting. Another potential factor is that the aMCI
group was offered the à la carte option during follow-up,
whereas the psMCI group was instructed to continue using
the personal trainer. Allowing aMCI participants to self-select
exercises (via à la carte) may have invoked greater autonomy
over their training experience, leading to increased adherence.

It is also possible that disease-specific factors could have
contributed to discrepant engagement in CCT during the
self-administered follow-up phase. The aMCI group may
have had greater motivation, perceived benefit, or expectancy
of benefit from CCT, given that these participants knew
that, given the neurodegenerative nature of AD, they would
likely progressively decline. In comparison, the psMCI group,
while still experiencing objective impairments, would have
already experienced significant spontaneous recovery from
their initial deficits due to the stroke, with a prognosis of
stability of functioning if other vascular events are avoided.
The type of cognitive deficits experienced by the 2 groups
may have also contributed. As expected, the aMCI group
had primarily amnestic impairment along with set-shifting
and semantic fluency difficulties. In comparison, the psMCI
group performed significantly worse on a test that involves
cognitive processing speed and visuo-motor organization (ie,
coding), which are processes required for completion of
all BrainHQ exercises. The psMCI group also had more
variable deficits, which is expected given that cognitive
sequelae poststroke are heterogeneous. Additionally, while
significant deficits that would affect the ability to complete
cognitive tasks were exclusionary, mild visual and motor

deficits are not uncommon post-stroke [35]. Most BrainHQ
exercises, and particularly those in the domains of attention
and processing speed, which were most often completed in
this study, are visual in nature and require a fast response
with the mouse or a finger. Therefore, the psMCI compared
to the aMCI group may have found these exercises more
challenging as a function of sensorimotor impairments that
compounded the cognitive demands of the exercises, thus
impacting their engagement.

This is the first study to our knowledge to elicit feed-
back on participants’ experience with the BrainHQ platform
interleaved with accelerated iTBS. Although the study-spe-
cific surveys differed, limiting direct comparisons, results
from both surveys generally indicated that participants in
both groups found it relevant and potentially beneficial to
their functioning, enjoyable and not excessively burdensome,
and feasible for use during both treatment and post-treat-
ment periods. The psMCI group rated BrainHQ favorably
despite limited engagement in the follow-up post-treatment
phase, so this questionnaire did not aid in identifying why
engagement was lower compared to that in the aMCI group.
Future research using qualitative and mixed methods may
elucidate the factors driving differential engagement, which
could inform CCT delivery in these populations. Despite
the small-scale nature of these pilot studies, our findings
highlight the importance of individualizing interventions to
the specific population and underscore the need to avoid
treating all cases of MCI as homogeneous syndromes when
planning treatment approaches.
Comparisons to Prior Work
Prior work investigating combined neuromodulation (eg,
rTMS or transcranial direct current stimulation) and cognitive
training has provided some additional insights into these
combined interventions in the context of AD [36-38] and
poststroke [39]. Although a growing literature supports
the potential additive benefit of combining noninvasive
brain stimulation (including rTMS) with cognitive training
(including CCT; [40,41]), notably missing from the litera-
ture are studies refining methodologies for such combined
interventions. Systematic reviews of the CCT literature
demonstrate that CCT methodology is quite heterogeneous
in terms of platform, training exercises, dose, and setting
of administration [12,42]. While there is some evidence of
the benefit of CCT to the same cognitive construct, there is
limited support of benefits to different cognitive constructs
and everyday activities [16]. However, many of these studies
may not have been dosed for efficacy and used platforms
with limited empirical support [21]. CCT was not explicitly
dosed for efficacy in the current feasibility studies; however,
a “gold standard” dose to elicit change has not been estab-
lished [21]. Overall, the mixed literature and varied methodol-
ogy suggest that there needs to be more research to establish
which CCT methodology is most efficacious as well as how
to deploy it in a way to elicit continued engagement (eg,
increasing motivation or incentives and improved gamifica-
tion). Moreover, more work is needed to identify the optimal
method for combined delivery of CCT with other interven-
tions, such as rTMS, particularly given that some methods
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(eg, required dose and most beneficial timing) may differ
from CCT alone.
Limitations
The studies presented here have some limitations and reveal
several opportunities for future work. First, given that
these were pilot studies focused on the safety, feasibility,
and acceptability of combined accelerated iTBS and CCT,
the intervention components were not explicitly dosed for
efficacy. However, as higher doses (ie, increased treatment
demands or durations) may impact participants’ engagement,
continued consideration of feasibility and acceptability in
future efficacy trials is necessary. Relatedly, the design of
these studies did not include sham conditions, randomiza-
tion, or blinding of participants or experimenters for either
accelerated iTBS or CCT. Future randomized controlled trials
that assess additive or synergistic effects of rTMS (accel-
erated iTBS or otherwise) and CCT are therefore needed.
Second, both groups were predominantly non-Hispanic White
with high levels of educational attainment. To ensure that
research is representative of the general population, it is
imperative that future research include participants from
diverse sociodemographic backgrounds with varying levels
of technology familiarity (which was not explicitly assessed
in these studies). Third, people with aMCI and a history
of stroke often experience neuropsychiatric symptoms, most
commonly depression [43,44]; however, participants in our
studies did not have clinically significant neuropsychiatric
symptoms. Given that depressive symptoms are associated

with poorer adherence to multidomain behavioral interven-
tions (including cognitive training) in older adults [45],
feasibility and acceptability of combined rTMS and CCT may
be lower in people with MCI and comorbid neuropsychiatric
symptoms. Alternatively, as rTMS to the l-dlPFC is US Food
and Drug Administration–approved to treat depression, and
both rTMS [46] and CCT [47] may improve depression or
apathy in MCI, engagement in combined rTMS and CCT
may instead be high in those with MCI and depression if
they experience such benefits from the treatment. Therefore,
our findings warrant replication in people with MCI and
comorbid neuropsychiatric conditions.
Conclusions
In conclusion, this study provides initial evidence that
accelerated iTBS to the l-dlPFC interleaved with CCT during
treatment is feasible and acceptable to many patients with
MCI. However, more limited engagement in the follow-up
phase suggests that the feasibility of self-directed CCT
may vary across people with MCI and by CCT delivery
format (eg, personal trainer vs. à la carte), and indicates
that regular reminders may be beneficial. These findings
suggest that personalized treatment approaches and methods
to reinforce CCT may enhance feasibility and adherence. Our
results can directly inform future trials aimed at optimizing
treatments that combine neuromodulatory and CCT interven-
tions. Subsequent randomized controlled trials that evaluate
whether combined rTMS and CCT yields a synergistic or
additive impact on MCI symptoms are warranted.

Acknowledgments
We thank Dr. E. Scott, Dr. T. Turner, Dr. M. Sugarman, Dr. M. Wagner, Dr. D. Szeles, Dr. F. Rodriguez-Porcel, Dr. N.
Milano, and A. Swanson for their help with participant recruitment in support of this project. For their expertise and oversight,
we are grateful to Dr. M. George, Dr. S. Kerns, Dr. P. Nietert, and Dr. F. Rodriguez-Porcel (for trial NCT04503096), and
Dr. L. Bonilha, Dr. N. Rowland, Dr. R. Adams, Dr. X. Li, and Dr. M. Hoffman (for trial NCT04655963). Additionally, we
gratefully acknowledge all our participants whose enthusiasm, trust, and dedication to research make this work possible. No
data are available.
Funding
This work was supported by the National Institutes of Health National Center of Neuromodulation for Rehabilitation (NM4R;
grant P2CHD086844 pilot project 29 to AB and pilot project 17 to LMM); the National Institute of General Medical
Sciences of the National Institutes of Health (P30GM154630); the National Institute of Child Health and Human Develop-
ment (P50HD118628); the COBRE Restoration of Neural-Based Function (P30GM154630), and the Neuro-PRECISE center
(P50HD118628); the New Vision Research Foundation (grant NVR2020-001-3 to AB and LMM); the Alzheimer’s Associa-
tion (grant AARF-21-850073 to SA); the National Institute on Aging at the National Institutes of Health (grant R01AG081237
to AB); the National Institute of General Medical Sciences and the National Institutes of Health (grant P20GM109040 project
6134 to LMM); the National Institute of General Medical Sciences of the National Institutes of Health (P30GM154630); and
the National Institute of Mental Health at the National Institutes of Health (grant T32MH019934 to LMC). The content is
solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health.
Data Availability
The data used in this study are not publicly available as they contain confidential clinical information, and participants were
not asked to consent to data sharing.
Authors’ Contributions
Conceptualization: LMC, SA, LMM, AB
Data curation: SA, OH, HHF, JL, KR
Formal analysis: LMC, SA
Funding acquisition: LMM, AB

JMIR NEUROTECHNOLOGY Campbell et al

https://neuro.jmir.org/2026/1/e81437 JMIR Neurotech 2026 | vol. 5 | e81437 | p. 13
(page number not for citation purposes)

https://neuro.jmir.org/2026/1/e81437


Investigation: OH, HHF, JL, KR, MA
Methodology: LMM, AB
Project administration: SA, KM, LMM, AB
Resources: LMM, AB
Supervision: SA, GR, LMM, AB
Visualization: LMC, SA
Writing – original draft: LMC, SA
Writing – review & editing: OH, HHF, JL, KR, KM, MA, GR, LMM, AB
Conflicts of Interest
None declared.
Multimedia Appendix 1
Summary of the Template for Intervention Description and Replication (TIDieR) checklist.
[DOCX File (Microsoft Word File), 17 KB-Multimedia Appendix 1]
References
1. Fitzsimmons SMDD, Oostra E, Postma TS, van der Werf YD, van den Heuvel OA. Repetitive transcranial magnetic

stimulation-induced neuroplasticity and the treatment of psychiatric disorders: state of the evidence and future
opportunities. Biol Psychiatry. Mar 15, 2024;95(6):592-600. [doi: 10.1016/j.biopsych.2023.11.016] [Medline: 38040046]

2. Chou YH, Ton That V, Sundman M. A systematic review and meta-analysis of rTMS effects on cognitive enhancement
in mild cognitive impairment and Alzheimer’s disease. Neurobiol Aging. Feb 2020;86:1-10. [doi: 10.1016/j.
neurobiolaging.2019.08.020] [Medline: 31783330]

3. Ding X, Zhang S, Huang W, et al. Comparative efficacy of non-invasive brain stimulation for post-stroke aphasia: a
network meta-analysis and meta-regression of moderators. Neurosci Biobehav Rev. Sep 2022;140:104804. [doi: 10.
1016/j.neubiorev.2022.104804] [Medline: 35926728]

4. Liu X, Li H, Yang S, et al. Efficacy of repetitive transcranial magnetic stimulation on post-stroke cognitive impairment:
a systematic and a network meta-analysis. Int J Geriatr Psychiatry. Jul 2024;39(7):e6117. [doi: 10.1002/gps.6117]
[Medline: 38925887]

5. Sharbafshaaer M, Gigi I, Lavorgna L, et al. Repetitive transcranial magnetic stimulation (rTMS) in mild cognitive
impairment: effects on cognitive functions-a systematic review. J Clin Med. Sep 25, 2023;12(19):6190. [doi: 10.3390/
jcm12196190] [Medline: 37834834]

6. Chen X, Liu F, Lyu Z, Xiu H, Hou Y, Tu S. High-frequency repetitive transcranial magnetic stimulation (HF-rTMS)
impacts activities of daily living of patients with post-stroke cognitive impairment: a systematic review and meta-
analysis. Neurol Sci. Aug 2023;44(8):2699-2713. [doi: 10.1007/s10072-023-06779-9]

7. Li KP, Sun J, Wu CQ, et al. Effects of repetitive transcranial magnetic stimulation on post-stroke patients with cognitive
impairment: a systematic review and meta-analysis. Behav Brain Res. Feb 2023;439:114229. [doi: 10.1016/j.bbr.2022.
114229]

8. Farooq MU, Min J, Goshgarian C, Gorelick PB. Pharmacotherapy for vascular cognitive impairment. CNS Drugs. Sep
2017;31(9):759-776. [doi: 10.1007/s40263-017-0459-3] [Medline: 28786085]

9. Pleen J, Townley R. Alzheimer’s disease clinical trial update 2019–2021. J Neurol. Feb 2022;269(2):1038-1051. [doi:
10.1007/s00415-021-10790-5]

10. Mijajlović MD, Pavlović A, Brainin M, et al. Post-stroke dementia - a comprehensive review. BMC Med. Jan 18,
2017;15(1):11. [doi: 10.1186/s12916-017-0779-7] [Medline: 28095900]

11. Tik M, Hoffmann A, Sladky R, et al. Towards understanding rTMS mechanism of action: stimulation of the DLPFC
causes network-specific increase in functional connectivity. Neuroimage. Nov 15, 2017;162:289-296. [doi: 10.1016/j.
neuroimage.2017.09.022] [Medline: 28912081]

12. Nguyen L, Murphy K, Andrews G. A game a day keeps cognitive decline away? A systematic review and meta-analysis
of commercially-available brain training programs in healthy and cognitively impaired older adults. Neuropsychol Rev.
Sep 2022;32(3):601-630. [doi: 10.1007/s11065-021-09515-2] [Medline: 34251578]

13. Irazoki E, Contreras-Somoza LM, Toribio-Guzmán JM, Jenaro-Río C, van der Roest H, Franco-Martín MA.
Technologies for cognitive training and cognitive rehabilitation for people with mild cognitive impairment and dementia.
A systematic review. Front Psychol. 2020;11:648. [doi: 10.3389/fpsyg.2020.00648] [Medline: 32373018]

14. Gao M, Huang L, Yi J, et al. The effectiveness of computerized cognitive training in patients with poststroke cognitive
impairment: systematic review and meta-analysis. J Med Internet Res. Jun 12, 2025;27:e73140. [doi: 10.2196/73140]
[Medline: 40503808]

JMIR NEUROTECHNOLOGY Campbell et al

https://neuro.jmir.org/2026/1/e81437 JMIR Neurotech 2026 | vol. 5 | e81437 | p. 14
(page number not for citation purposes)

https://jmir.org/api/download?alt_name=neuro_v5i1e81437_app1.docx
https://jmir.org/api/download?alt_name=neuro_v5i1e81437_app1.docx
https://doi.org/10.1016/j.biopsych.2023.11.016
http://www.ncbi.nlm.nih.gov/pubmed/38040046
https://doi.org/10.1016/j.neurobiolaging.2019.08.020
https://doi.org/10.1016/j.neurobiolaging.2019.08.020
http://www.ncbi.nlm.nih.gov/pubmed/31783330
https://doi.org/10.1016/j.neubiorev.2022.104804
https://doi.org/10.1016/j.neubiorev.2022.104804
http://www.ncbi.nlm.nih.gov/pubmed/35926728
https://doi.org/10.1002/gps.6117
http://www.ncbi.nlm.nih.gov/pubmed/38925887
https://doi.org/10.3390/jcm12196190
https://doi.org/10.3390/jcm12196190
http://www.ncbi.nlm.nih.gov/pubmed/37834834
https://doi.org/10.1007/s10072-023-06779-9
https://doi.org/10.1016/j.bbr.2022.114229
https://doi.org/10.1016/j.bbr.2022.114229
https://doi.org/10.1007/s40263-017-0459-3
http://www.ncbi.nlm.nih.gov/pubmed/28786085
https://doi.org/10.1007/s00415-021-10790-5
https://doi.org/10.1186/s12916-017-0779-7
http://www.ncbi.nlm.nih.gov/pubmed/28095900
https://doi.org/10.1016/j.neuroimage.2017.09.022
https://doi.org/10.1016/j.neuroimage.2017.09.022
http://www.ncbi.nlm.nih.gov/pubmed/28912081
https://doi.org/10.1007/s11065-021-09515-2
http://www.ncbi.nlm.nih.gov/pubmed/34251578
https://doi.org/10.3389/fpsyg.2020.00648
http://www.ncbi.nlm.nih.gov/pubmed/32373018
https://doi.org/10.2196/73140
http://www.ncbi.nlm.nih.gov/pubmed/40503808
https://neuro.jmir.org/2026/1/e81437


15. Mueller KD. A review of computer-based cognitive training for individuals with mild cognitive impairment and
Alzheimer’s disease. Perspect ASHA SIGs. Mar 31, 2016;1(2):47-61. [doi: 10.1044/persp1.SIG2.47]

16. Nguyen L, Murphy K, Andrews G. Cognitive and neural plasticity in old age: a systematic review of evidence from
executive functions cognitive training. Ageing Res Rev. Aug 2019;53:100912. [doi: 10.1016/j.arr.2019.100912]
[Medline: 31154013]

17. Elliott M, Parente F. Efficacy of memory rehabilitation therapy: a meta-analysis of TBI and stroke cognitive
rehabilitation literature. Brain Inj. 2014;28(12):1610-1616. [doi: 10.3109/02699052.2014.934921] [Medline: 25058353]

18. Boudreaux EO, Cherry KE, Elliott EM, Hicks JL. Effects of distraction and pictorial illustration on memory for countries
in older adults with probable Alzheimer’s disease. Exp Aging Res. May 2011;37(3):293-309. [doi: 10.1080/0361073X.
2011.568816] [Medline: 21534030]

19. Mingming Y, Bolun Z, Zhijian L, Yingli W, Lanshu Z. Effectiveness of computer-based training on post-stroke
cognitive rehabilitation: a systematic review and meta-analysis. Neuropsychol Rehabil. Apr 2022;32(3):481-497. [doi:
10.1080/09602011.2020.1831555] [Medline: 33092475]

20. Ge S, Zhu Z, Wu B, McConnell ES. Technology-based cognitive training and rehabilitation interventions for individuals
with mild cognitive impairment: a systematic review. BMC Geriatr. Sep 15, 2018;18(1):213. [doi: 10.1186/s12877-018-
0893-1] [Medline: 30219036]

21. Shah TM, Weinborn M, Verdile G, Sohrabi HR, Martins RN. Enhancing cognitive functioning in healthly older adults: a
systematic review of the clinical significance of commercially available computerized cognitive training in preventing
cognitive decline. Neuropsychol Rev. Mar 2017;27(1):62-80. [doi: 10.1007/s11065-016-9338-9] [Medline: 28092015]

22. Pascual-Leone A, Freitas C, Oberman L, et al. Characterizing brain cortical plasticity and network dynamics across the
age-span in health and disease with TMS-EEG and TMS-fMRI. Brain Topogr. Oct 2011;24(3-4):302-315. [doi: 10.1007/
s10548-011-0196-8] [Medline: 21842407]

23. Yang T, Liu W, He J, et al. The cognitive effect of non-invasive brain stimulation combined with cognitive training in
Alzheimer’s disease and mild cognitive impairment: a systematic review and meta-analysis. Alzheimers Res Ther. Jun
27, 2024;16(1):140. [doi: 10.1186/s13195-024-01505-9] [Medline: 38937842]

24. Caulfield KA, Fleischmann HH, George MS, McTeague LM. A transdiagnostic review of safety, efficacy, and parameter
space in accelerated transcranial magnetic stimulation. J Psychiatr Res. Aug 2022;152:384-396. [doi: 10.1016/j.
jpsychires.2022.06.038] [Medline: 35816982]

25. Rossi S, Antal A, Bestmann S, et al. Safety and recommendations for TMS use in healthy subjects and patient
populations, with updates on training, ethical and regulatory issues: Expert Guidelines. Clin Neurophysiol. Jan
2021;132(1):269-306. [doi: 10.1016/j.clinph.2020.10.003] [Medline: 33243615]

26. Aghamoosa S, Lopez J, Rbeiz K, et al. A phase I trial of accelerated intermittent theta burst rTMS for amnestic MCI. J
Neurol Neurosurg Psychiatry. Oct 16, 2024;95(11):1036-1045. [doi: 10.1136/jnnp-2023-332680] [Medline: 38719432]

27. Hoffmann TC, Glasziou PP, Boutron I, et al. Better reporting of interventions: Template for Intervention Description and
Replication (TIDieR) checklist and guide. BMJ. Mar 7, 2014;348:g1687. [doi: 10.1136/bmj.g1687] [Medline: 24609605]

28. Albert MS, DeKosky ST, Dickson D, et al. The diagnosis of mild cognitive impairment due to Alzheimer’s disease:
recommendations from the National Institute on Aging-Alzheimer’s Association workgroups on diagnostic guidelines
for Alzheimer’s disease. Alzheimers Dement. May 2011;7(3):270-279. [doi: 10.1016/j.jalz.2011.03.008] [Medline:
21514249]

29. Bondi MW, Edmonds EC, Jak AJ, et al. Neuropsychological criteria for mild cognitive impairment improves diagnostic
precision, biomarker associations, and progression rates. J Alzheimers Dis. 2014;42(1):275-289. [doi: 10.3233/JAD-
140276] [Medline: 24844687]

30. Beam W, Borckardt JJ, Reeves ST, George MS. An efficient and accurate new method for locating the F3 position for
prefrontal TMS applications. Brain Stimul. Jan 2009;2(1):50-54. [doi: 10.1016/j.brs.2008.09.006] [Medline: 20539835]

31. Hachinski V, Iadecola C, Petersen RC, et al. National Institute of Neurological Disorders and Stroke-Canadian Stroke
Network vascular cognitive impairment harmonization standards. Stroke. Sep 2006;37(9):2220-2241. [doi: 10.1161/01.
STR.0000237236.88823.47] [Medline: 16917086]

32. Shirk SD, Mitchell MB, Shaughnessy LW, et al. A web-based normative calculator for the uniform data set (UDS)
neuropsychological test battery. Alzheimers Res Ther. Nov 11, 2011;3(6):32. [doi: 10.1186/alzrt94] [Medline:
22078663]

33. Weintraub S, Besser L, Dodge HH, et al. Version 3 of the Alzheimer Disease Centers’ Neuropsychological Test Battery
in the Uniform Data Set (UDS). Alzheimer Dis Assoc Disord. 2018;32(1):10-17. [doi: 10.1097/WAD.
0000000000000223] [Medline: 29240561]

34. Noguchi K, Gel YR, Brunner E, Konietschke F. NparLD: an R software package for the nonparametric analysis of
longitudinal data in factorial experiments. J Stat Softw. 2012;50:1-23. [doi: 10.18637/jss.v050.i12]

JMIR NEUROTECHNOLOGY Campbell et al

https://neuro.jmir.org/2026/1/e81437 JMIR Neurotech 2026 | vol. 5 | e81437 | p. 15
(page number not for citation purposes)

https://doi.org/10.1044/persp1.SIG2.47
https://doi.org/10.1016/j.arr.2019.100912
http://www.ncbi.nlm.nih.gov/pubmed/31154013
https://doi.org/10.3109/02699052.2014.934921
http://www.ncbi.nlm.nih.gov/pubmed/25058353
https://doi.org/10.1080/0361073X.2011.568816
https://doi.org/10.1080/0361073X.2011.568816
http://www.ncbi.nlm.nih.gov/pubmed/21534030
https://doi.org/10.1080/09602011.2020.1831555
http://www.ncbi.nlm.nih.gov/pubmed/33092475
https://doi.org/10.1186/s12877-018-0893-1
https://doi.org/10.1186/s12877-018-0893-1
http://www.ncbi.nlm.nih.gov/pubmed/30219036
https://doi.org/10.1007/s11065-016-9338-9
http://www.ncbi.nlm.nih.gov/pubmed/28092015
https://doi.org/10.1007/s10548-011-0196-8
https://doi.org/10.1007/s10548-011-0196-8
http://www.ncbi.nlm.nih.gov/pubmed/21842407
https://doi.org/10.1186/s13195-024-01505-9
http://www.ncbi.nlm.nih.gov/pubmed/38937842
https://doi.org/10.1016/j.jpsychires.2022.06.038
https://doi.org/10.1016/j.jpsychires.2022.06.038
http://www.ncbi.nlm.nih.gov/pubmed/35816982
https://doi.org/10.1016/j.clinph.2020.10.003
http://www.ncbi.nlm.nih.gov/pubmed/33243615
https://doi.org/10.1136/jnnp-2023-332680
http://www.ncbi.nlm.nih.gov/pubmed/38719432
https://doi.org/10.1136/bmj.g1687
http://www.ncbi.nlm.nih.gov/pubmed/24609605
https://doi.org/10.1016/j.jalz.2011.03.008
http://www.ncbi.nlm.nih.gov/pubmed/21514249
https://doi.org/10.3233/JAD-140276
https://doi.org/10.3233/JAD-140276
http://www.ncbi.nlm.nih.gov/pubmed/24844687
https://doi.org/10.1016/j.brs.2008.09.006
http://www.ncbi.nlm.nih.gov/pubmed/20539835
https://doi.org/10.1161/01.STR.0000237236.88823.47
https://doi.org/10.1161/01.STR.0000237236.88823.47
http://www.ncbi.nlm.nih.gov/pubmed/16917086
https://doi.org/10.1186/alzrt94
http://www.ncbi.nlm.nih.gov/pubmed/22078663
https://doi.org/10.1097/WAD.0000000000000223
https://doi.org/10.1097/WAD.0000000000000223
http://www.ncbi.nlm.nih.gov/pubmed/29240561
https://doi.org/10.18637/jss.v050.i12
https://neuro.jmir.org/2026/1/e81437


35. Shim H. Vascular cognitive impairment and post-stroke cognitive deficits. Curr Neurol Neurosci Rep. Jan
2014;14(1):418. [doi: 10.1007/s11910-013-0418-4] [Medline: 24272272]

36. Brem AK, Di Iorio R, Fried PJ, et al. Corticomotor plasticity predicts clinical efficacy of combined neuromodulation and
cognitive training in Alzheimer’s disease. Front Aging Neurosci. 2020;12:200. [doi: 10.3389/fnagi.2020.00200]
[Medline: 32733232]

37. Bagattini C, Zanni M, Barocco F, et al. Enhancing cognitive training effects in Alzheimer’s disease: rTMS as an add-on
treatment. Brain Stimul. 2020;13(6):1655-1664. [doi: 10.1016/j.brs.2020.09.010] [Medline: 33002645]

38. Rabey JM, Dobronevsky E. Repetitive transcranial magnetic stimulation (rTMS) combined with cognitive training is a
safe and effective modality for the treatment of Alzheimer’s disease: clinical experience. J Neural Transm (Vienna). Dec
2016;123(12):1449-1455. [doi: 10.1007/s00702-016-1606-6] [Medline: 27631152]

39. Chew E, Teo WP, Tang N, et al. Using transcranial direct current stimulation to augment the effect of motor imagery-
assisted brain-computer interface training in chronic stroke patients-cortical reorganization considerations. Front Neurol.
2020;11:948. [doi: 10.3389/fneur.2020.00948] [Medline: 32973672]

40. Poppe A, Ritter FDE, Bais L, et al. The efficacy of combining cognitive training and noninvasive brain stimulation: a
transdiagnostic systematic review and meta-analysis. Psychol Bull. Feb 2024;150(2):192-213. [doi: 10.1037/
bul0000406] [Medline: 37956054]

41. Gao Y, Qiu Y, Yang Q, et al. Repetitive transcranial magnetic stimulation combined with cognitive training for cognitive
function and activities of daily living in patients with post-stroke cognitive impairment: a systematic review and meta-
analysis. Ageing Res Rev. Jun 2023;87:101919. [doi: 10.1016/j.arr.2023.101919]

42. Hu M, Wu X, Shu X, et al. Effects of computerised cognitive training on cognitive impairment: a meta-analysis. J
Neurol. May 2021;268(5):1680-1688. [doi: 10.1007/s00415-019-09522-7] [Medline: 31650255]

43. Köhler CA, Magalhaes TF, Oliveira JMMP, et al. Neuropsychiatric disturbances in mild cognitive impairment (MCI): a
systematic review of population-based studies. Curr Alzheimer Res. 2016;13(10):1066-1082. [doi: 10.2174/
1567205013666160502123129] [Medline: 27137220]

44. Mitchell AJ, Sheth B, Gill J, et al. Prevalence and predictors of post-stroke mood disorders: a meta-analysis and meta-
regression of depression, anxiety and adjustment disorder. Gen Hosp Psychiatry. Jul 2017;47:48-60. [doi: 10.1016/j.
genhosppsych.2017.04.001] [Medline: 28807138]

45. Coley N, Ngandu T, Lehtisalo J, et al. Adherence to multidomain interventions for dementia prevention: data from the
FINGER and MAPT trials. Alzheimers Dement. Jun 2019;15(6):729-741. [doi: 10.1016/j.jalz.2019.03.005] [Medline:
31047857]

46. Padala PR, Padala KP, Lensing SY, et al. Repetitive transcranial magnetic stimulation for apathy in mild cognitive
impairment: a double-blind, randomized, sham-controlled, cross-over pilot study. Psychiatry Res. Mar
2018;261:312-318. [doi: 10.1016/j.psychres.2017.12.063] [Medline: 29331848]

47. Hill NTM, Mowszowski L, Naismith SL, Chadwick VL, Valenzuela M, Lampit A. Computerized cognitive training in
older adults with mild cognitive impairment or dementia: a systematic review and meta-analysis. Am J Psychiatry. Apr
1, 2017;174(4):329-340. [doi: 10.1176/appi.ajp.2016.16030360] [Medline: 27838936]

Abbreviations:
AD: Alzheimer's disease
aMCI: amnestic mild cognitive impairment
ATS: ANOVA-type statistic
CCT: computerized cognitive training
iTBS: intermittent theta burst
l-dlPFC: left dorsolateral prefrontal cortex
MCI: mild cognitive impairment
MUSC: Medical University of South Carolina
NIA-AA: National Institute on Aging and Alzheimer's Association
NIH: National Institutes of Health
NINDS: National Institute of Neurological Disorders and Stroke
NMDA: N-methyl-d-aspartate
PROMIS: Patient-Reported Outcomes Measurement Information System
psMCI: post-stroke mild cognitive impairment
rTMS: repetitive transcranial magnetic stimulation
TIDieR: Template for Intervention Description and Replication

JMIR NEUROTECHNOLOGY Campbell et al

https://neuro.jmir.org/2026/1/e81437 JMIR Neurotech 2026 | vol. 5 | e81437 | p. 16
(page number not for citation purposes)

https://doi.org/10.1007/s11910-013-0418-4
http://www.ncbi.nlm.nih.gov/pubmed/24272272
https://doi.org/10.3389/fnagi.2020.00200
http://www.ncbi.nlm.nih.gov/pubmed/32733232
https://doi.org/10.1016/j.brs.2020.09.010
http://www.ncbi.nlm.nih.gov/pubmed/33002645
https://doi.org/10.1007/s00702-016-1606-6
http://www.ncbi.nlm.nih.gov/pubmed/27631152
https://doi.org/10.3389/fneur.2020.00948
http://www.ncbi.nlm.nih.gov/pubmed/32973672
https://doi.org/10.1037/bul0000406
https://doi.org/10.1037/bul0000406
http://www.ncbi.nlm.nih.gov/pubmed/37956054
https://doi.org/10.1016/j.arr.2023.101919
https://doi.org/10.1007/s00415-019-09522-7
http://www.ncbi.nlm.nih.gov/pubmed/31650255
https://doi.org/10.2174/1567205013666160502123129
https://doi.org/10.2174/1567205013666160502123129
http://www.ncbi.nlm.nih.gov/pubmed/27137220
https://doi.org/10.1016/j.genhosppsych.2017.04.001
https://doi.org/10.1016/j.genhosppsych.2017.04.001
http://www.ncbi.nlm.nih.gov/pubmed/28807138
https://doi.org/10.1016/j.jalz.2019.03.005
http://www.ncbi.nlm.nih.gov/pubmed/31047857
https://doi.org/10.1016/j.psychres.2017.12.063
http://www.ncbi.nlm.nih.gov/pubmed/29331848
https://doi.org/10.1176/appi.ajp.2016.16030360
http://www.ncbi.nlm.nih.gov/pubmed/27838936
https://neuro.jmir.org/2026/1/e81437


Edited by Alessandro Zampogna; peer-reviewed by Caterina Pauletti, Satya Datla; submitted 28.Jul.2025; final revised
version received 28.Apr.2026; accepted 15.May.2026; published 15.Jul.2026

Please cite as:
Campbell LM, Aghamoosa S, Horn O, Fleischmann HH, Lopez J, Rbeiz KS, Madden K, Antonucci M, Revuelta G,
McTeague LM, Benitez A
Feasibility of Interleaving Computerized Cognitive Training With Repetitive Transcranial Magnetic Stimulation: Pilot
Studies in Mild Cognitive Impairment Due to Alzheimer’s Disease and Stroke
JMIR Neurotech 2026;5:e81437
URL: https://neuro.jmir.org/2026/1/e81437
doi: 10.2196/81437

© Laura M Campbell, Stephanie Aghamoosa, Olivia Horn, Holly H Fleischmann, James Lopez, Katrina S Rbeiz, Katrina
Madden, Michael Antonucci, Gonzalo Revuelta, Lisa M McTeague, Andreana Benitez. Originally published in JMIR
Neurotechnology (https://neuro.jmir.org), 15.Jul.2026. 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 Neurotechnology, is properly cited. The
complete bibliographic information, a link to the original publication on https://neuro.jmir.org, as well as this copyright and
license information must be included.

JMIR NEUROTECHNOLOGY Campbell et al

https://neuro.jmir.org/2026/1/e81437 JMIR Neurotech 2026 | vol. 5 | e81437 | p. 17
(page number not for citation purposes)

https://neuro.jmir.org/2026/1/e81437
https://doi.org/10.2196/81437
https://neuro.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://neuro.jmir.org
https://neuro.jmir.org/2026/1/e81437

	Feasibility of Interleaving Computerized Cognitive Training With Repetitive Transcranial Magnetic Stimulation: Pilot Studies in Mild Cognitive Impairment Due to Alzheimer’s Disease and Stroke
	Introduction
	Methods
	Ethical Considerations
	Participants
	Procedures
	Measures
	Statistical Analyses

	Results
	Participants
	BrainHQ Feasibility
	BrainHQ Engagement
	BrainHQ Acceptability

	Discussion
	Principal Findings
	Comparisons to Prior Work
	Limitations
	Conclusions



