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Abstract.
Background: Non-pharmacologic interventions can potentially improve cognitive function, sleep, and/or mood in patients
with attention-deficit/hyperactive disorder (ADHD), post-concussion syndrome (PCS), or memory loss.
Objective: We evaluated the benefits of a brain rehabilitation program in an outpatient neurology practice that consists of
targeted cognitive training, lifestyle coaching, and electroencephalography (EEG)-based neurofeedback, twice weekly (90
minutes each), for 12 weeks.
Methods: 223 child and adult patients were included: 71 patients with ADHD, 88 with PCS, and 64 with memory loss (mild
cognitive impairment or subjective cognitive decline). Patients underwent a complete neurocognitive evaluation, including
tests for Verbal Memory, Complex Attention, Processing Speed, Executive Functioning, and Neurocognition Index. They
completed questionnaires about sleep, mood, diet, exercise, anxiety levels, and depression—as well as underwent quantitative
EEG—at the beginning and the end of the program.
Results: Pre-post test score comparison demonstrated that all patient subgroups experienced statistically significant improve-
ments on most measures, especially the PCS subgroup, which experienced significant score improvement on all measures
tested (p ≤ 0.0011; dz ≥ 0.36). After completing the program, 60% to 90% of patients scored higher on cognitive tests and
reported having fewer cognitive and emotional symptoms. The largest effect size for pre-post score change was improved
executive functioning in all subgroups (ADHD dz = 0.86; PCS dz = 0.83; memory dz = 1.09).
Conclusion: This study demonstrates that a multimodal brain rehabilitation program can have benefits for patients with
ADHD, PCS, or memory loss and supports further clinical trials in this field.
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INTRODUCTION

Non-pharmacologic brain rehabilitation interven-
tions that are based on promoting neuroplas-
ticity can potentially serve as powerful tools
to enhance cognitive capacity in patients with
attention-deficit/hyperactivity disorder (ADHD) [1],
concussion [2], cognitive impairment [3], and/or
stroke [4]. Such methods include cognitive train-
ing, neurofeedback, coaching for increasing physical
activity, mindfulness meditation, Mediterranean diet,
and multi-disciplinary programs that combine these
interventions [5–10]. Potential mechanisms of action
for many of these interventions include optimizing
glucose metabolism in the brain, enhancing car-
diorespiratory fitness, improving cerebral blood flow,
reducing inflammation in the brain, optimizing the
brain glymphatic system [11], and increasing levels
of brain-derived neurotrophic factor (BDNF) [12].
These interventions have been shown to increase
the number of synapses throughout the brain, pro-
mote neurogenesis in the hippocampus, and enhance
neuronal connections [12–14]. They can, especially
when combined, reduce age-related atrophy in the
brain [15] and enhance growth of specific brain
regions, especially the prefrontal cortex and the hip-
pocampus [13, 16–18].

Patients with neurological conditions such as
ADHD, post-concussion syndrome (PCS), and mem-
ory loss often suffer from multiple co-existing
symptoms including anxiety, depression, insomnia,
learning disability, and obesity due to a variable
degree of brain pathology, individual genetic pro-
file, or overall health and fitness differences (Fig. 1)
[19–26]. Therefore, receiving coaching to improve
their sleep, diet, and exercise may produce a subjec-
tive sense of improvement in brain functions due to
improvements in physical health and/or due to psy-
chological factors [27, 28].

The importance of multimodal interventions

Many of the non-drug interventions described
above have been combined into multi-disciplinary
programs [29–36]. A 2-year randomized controlled
trial with a multidomain lifestyle intervention showed
a reduction in cognitive decline based on results
of comprehensive neurological testing [37, 38]. A
recent 9-month trial of personalized multi-modal
interventions, called “precision medicine,” to address
vascular, inflammatory, infectious, and sleep issues
in patients with mild cognitive impairment (MCI) or

mild Alzheimer’s disease showed that more than 80%
experienced improved cognitive scores [39]. A per-
sonalized set of multimodal interventions has also
been used for treatment of patients with traumatic
brain injury and ADHD [34, 40]. We have previ-
ously performed retrospective data analyses from
patients with MCI and PCS who completed a 12-
week multimodal brain rehabilitation program [41,
42]. As described below, we found that both groups
of patients experienced objective and subjective
improvements in cognitive capacity and symptoms.

In our first study, MCI patients received a
twice-weekly brain rehabilitation program for 12
weeks. The “Brain Fitness Program” (BFP) included
45 min of brain coaching (individualized goal-based
accountability coaching for behavior change to
improve diet, sleep, exercise, and stress manage-
ment) followed by 45 min of neurofeedback (NFB,
electroencephalography (EEG)-based biofeedback
to optimize brain frequencies that are associated
with being calm and focused) [43, 44]; EEG-
neurofeedback has been shown to be helpful for
treatment of ADHD [45], PCS [46], and dementia
[47]. This first study included 127 patients with MCI
with an average age of 70. Results showed that 84%
of patients had objective improvements in their cog-
nitive scores, and half of those who had received brain
MRIs (before and after the BFP) had experienced an
increase in brain volume in the hippocampus [41].

Our second study included patients with PCS,
which is defined as having persistent concussion
symptoms beyond three months [2]. We analyzed
data from a group of 46 PCS patients who completed
our 12-week program. We found that PCS patients
experienced significant improvements on objective
neurocognitive tests (including those for complex
attention, cognitive flexibility, and executive func-
tioning) and a significant reduction in concussion
symptoms [42]. As utilized in this second study and in
the current study, the term PCS is functionally equiv-
alent to the newer term “Persisting Symptoms after
Concussion” [48].

Rationale for the current study

The current study is the natural progression of our
previous findings. Both MCI and PCS are due to a
combination of multiple pathological etiologies, and
patients often have a spectrum of different symptoms
that could include anxiety, depression, insomnia, and
low executive function. Recent evidence shows that
ADHD, the most common neurocognitive disorder
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Fig. 1. Patients with ADHD, PCS, and memory loss often suffer from several other symptoms and comorbidities that impact their cognitive
functions.

in children (which is also prevalent in adults), is like-
wise caused by multiple etiologies [49]. As with MCI
and PCS patients, ADHD patients also suffer from
poor sleep, high levels of stress and anxiety, depres-
sion, and poor executive function [50, 51]. In line with
these findings, several studies have shown that a com-
bination of exercise, cognitive training, behavioral
training, and neurofeedback can provide effective
treatment for ADHD [52]. Having seen promising
results in our earlier studies for patients with MCI
and PCS, in this current study we wish to examine the
potential benefits of our 12-week program for chil-
dren and adults with ADHD. Our rationale is that
lifestyle modifications can have a profound effect on
brain functions in patients with a variety of neurocog-
nitive symptoms. Further, in the current study we
included patients with PCS and patients with “mem-
ory loss,” a new group that includes patients with a
diagnosis of MCI or with subjective cognitive decline
[53]. Our hypothesis is that this program will prove
equally effective for patients with ADHD, PCS, and
memory loss.

MATERIALS AND METHODS

Participants

Authorization to analyze patient data, with all per-
sonal identifiers removed, was obtained from the New
England Institutional Review Board. This study is
a retrospective analysis of data from de-identified
patients who presented to NeuroGrow Brain Fit-
ness center, a neurology practice located in Virginia,
USA, between January 1, 2017 and December 31,
2019. Data from six patients with concussion that
are included in this paper were also included in our
previous publication [42]. All included patients expe-
rienced symptoms of sufficient severity to reduce

their ability to function at home, school, or work envi-
ronments. Patients who completed at least 10 of the
total 24 treatment sessions and completed the pro-
gram in up to 26 weeks were eligible. The inclusion
and exclusion criteria for this data analysis were as
follows:

Inclusion criteria:

- Age 7 to 80 years old.
- For the ADHD group: symptoms of ADHD, a

diagnosis of ADHD based on DSM-V criteria,
and abnormal scores in neurocognitive testing;
and for children up to age 16, a diagnosis of
ADHD supported by the Vanderbilt Assessment
Scale [54].

- For the PCS group: symptoms of concus-
sion for more than 3 months after one or
more TBIs, meeting the ICD-10 criteria for
a diagnosis of post-concussion syndrome [55]
and abnormal scores in neurocognitive test-
ing. Only patients who began the program at
least 90 days after their TBI were included in
this analysis. The ICD-10 criteria required at
least three symptoms from the following list:
headache, dizziness/lightheadedness, fatigue,
irritability, sleep disturbances, impaired concen-
tration, impaired memory, problems tolerating
stress, emotional liability, and alcohol/substance
abuse.

- For the Memory Loss group: symptoms of mem-
ory loss and abnormal neurocognitive testing
scores; patients either met the criteria for a diag-
nosis of MCI [56] or had subjective cognitive
decline [53].

Exclusion criteria:

- Diagnosis of autism.
- Neuropsychiatric conditions such as schizophre-

nia and dementia.
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- Mild symptoms or no cognitive impairment in
objective neurocognitive testing. If patients had
a few mild to moderate symptoms, and/or if they
had normal scores in their complete neurocogni-
tive testing, they were not offered the opportunity
to enroll in the program.

NEUROGROW BRAIN FITNESS
PROGRAM

NeuroGrow Brain Fitness Program (NeuroGrow
BFP) consists of a set of baseline neurological tests
followed by a set of brain rehabilitation interven-
tions over a period of 12 weeks (Fig. 2). Patients first
undergo neurocognitive testing and quantitative EEG
(qEEG) to establish the nature and the severity of
their neurocognitive and neurobehavioral symptoms,
cognitive deficits, and EEG abnormalities. They then
meet with the neurologist and review their testing
results and undergo a neurological evaluation. This
60-min visit includes a review of their medications
and a detailed analysis of their medical history. If
needed, patients may undergo further blood tests (for
evaluation of possible deficiencies in vitamin B12,
vitamin D, thyroid, and iron levels), sleep study (for
evaluation of possible obstructive sleep apnea), or
brain MRI (for evaluation of possible stroke or neu-
rodegeneration). Patients completed a comprehensive
assessment before beginning the NeuroGrow BFP.

The Neurocognitive Evaluation of this assess-
ment consists of a battery of objective cognitive
tests obtained from CNS Vital Signs (CNSVS.com).
This computer-based battery of cognitive tests com-
pares a patient’s scores to those of age-matched
controls. The specific cognitive domain tests used
for this study include: Neurocognition Index, Ver-
bal Memory, Complex Attention, Processing Speed,
and Executive Functioning [57]. CNS VS scores are
ranked into five possible categories: “Very Low”
(Standard score <70), “Low” (Standard score 70–79),
“Low Average” (Standard score 80–89), “Average”
(Standard score 90–109), and “Above Average”
(Standard score >109) [57].

The Neurocognitive Evaluation also includes a set
of eight questionnaires to explore all aspects of a
patient’s brain related symptoms and their ability to
feel well, sleep well, and function well on a daily
basis:

1. NeuroGrow’s “Brain Fitness Calculator” is a
questionnaire that checks for factors associ-
ated with optimal brain health. Patients rank

Fig. 2. Flowchart showing the sequence of steps for patients who
complete the NeuroGrow Brain Fitness Program.

their level of exercise, diet, brain vitamin con-
sumption, sleep quality, social engagement,
extracurricular activities/hobbies, attitude, and
mood on a scale of 1 to 5, with one being very
low and 5 being very high. The text has been
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published previously [42]. The final score can
range from 15 to 75, with a score of >50 con-
sidered an optimal brain fitness.

2. NeuroGrow’s Neurocognitive Symptom check-
list is a questionnaire with a list of 15 questions
regarding cognitive symptoms that can be seen
in patients with PCS, ADHD, and/or mem-
ory loss. Patients report if they are having
difficulty with paying attention, calculating,
concentrating, making decisions, multitask-
ing, navigation, processing information quickly,
understanding instructions, finding words dur-
ing conversations, verbal expression, short-term
memory, remembering names, reading com-
prehension, planning ahead, and organization,
and the text has been published previously
[42]. Patients rate their symptom severity from
1–10 with 1 being very mild and 10 being
very severe. The total score can range from
15 to 150, with scores below 60 considered
optimal.

3. NeuroGrow’s NeuroBehavioral Symptom
checklist is a questionnaire with a list of 20
questions regarding neurobehavioral symptoms
that can be seen in patients with PCS, ADHD,
and/or memory loss. Patients report if they
are having difficulty falling asleep, difficulty
staying asleep through the night, pain issues,
hypersensitivity, headaches, tremors, fatigue,
mood swings, obsessive thoughts, compulsive
behavior and/or thoughts, depression (feel-
ing sad), difficulty with socializing, general
anxiety, hyperactivity, agitation symptoms,
impulsive behavior, low motivation and apa-
thy issues, anger issues, frustration issues,
and irritability issues, and the text has been
published previously [42]. Patients rate their
symptom severity from 1–10, with 1 being very
mild and 10 being very severe. Total score can
range from 20 to 200, with scores below 80
considered optimal.

4. Epworth Sleepiness Scale (ESS) is a commonly
used questionnaire with eight questions about a
patient’s experience of daytime sleepiness, with
answers ranging from 0–3 based on the severity
of each symptom. Total scores of 0–5 indicate
low daytime sleepiness, while 16–24 indicate
excessive daytime sleepiness [58, 59].

5. Pittsburgh Insomnia Rating Scale (PIRS20) is a
20 item self-report questionnaire that measures
the quality of sleep over the preceding seven
days. The total scores can range from 0–60, with

scores above 20 suggesting progressively higher
severity of insomnia [60].

6. The Vanderbilt is a questionnaire for parents
of children ages 6–12 that helps to determine
the severity of their ADHD symptoms. It is a
commonly used questionnaire which was devel-
oped by Mark Wolraich at the Oklahoma Health
Sciences Center [54].

7. The Beck Anxiety Inventory (BAI) is a com-
monly used questionnaire with 21 self-reported
items regarding anxiety symptoms. Total scores
can range from 0–63 [61, 62].

8. The Beck Depression Inventory-II (BDI-II) is a
self-report scale for depression with 21 items,
with a total possible score range of 0–63 [63].

In addition to a comprehensive NeuroCognitive
Evaluation, patients undergo an evaluation to check
the pattern of their brain oscillations with a testing
procedure called qEEG, also known as brain map-
ping. qEEG measures brain frequencies from 1 Hz
to 32 Hz and compares it with a normative database
[64]. Conditions such as ADHD, depression, insom-
nia, and anxiety are often associated with specific
abnormal patterns on qEEG [64]. The two soft-
ware packages used for data collection in this study
were Discovery from BrainMaster Technologies
(http://www.BrainMaster.com) and TruScan from
Deymed Diagnostic (Deymed.com). The collected
EEG data were then analyzed by using normative
databases and software provided by NeuroGuide
(https://www.appliedneuroscience.com). The equip-
ment and software from BrainMaster Technologies,
Deymed Diagnostic, and Neuroguide have all been
FDA cleared. The EEG protocol included recordings
with eyes closed for 5 min. We obtained high quality
qEEGs with removal of artifacts per standard proto-
cols and impedance of the electrodes set <5 ohm.

After completing the Neurocognitive Evaluation
and qEEG, patients meet with the neurologist (author
M.F., with 20 years of experience in academic and
clinical neurology) to discuss results of these tests,
review the nature and severity of their presenting
symptoms, and undergo a neurological examina-
tion. The neurologist made the diagnosis of ADHD,
PCS, and memory loss per guidelines of American
Academy of Neurology and DSM-V criteria [53, 65].
For inclusion in the memory loss group, patients
either met the criteria for MCI or for subjective cog-
nitive decline, and experienced objective deficits on
neurocognitive testing with regards to verbal mem-
ory and/or working memory. Patients who met the

https://www.BrainMaster.com
https://www.appliedneuroscience.com


680 M. Fotuhi et al. / A 12-Week Non-Drug “Brain Fitness Program”

required criteria for the NeuroGrow BFP received all
necessary information about the program and were
offered the option to enroll.

Brain coaching and EEG-neurofeedback

Patients who participate in the NeuroGrow BFP
receive a combination of EEG-Neurofeedback and
brain coaching for 45 min each (totaling 90 min),
twice weekly for 12 weeks. Comprehensive health
programs that include an accountability coach can
improve patients’ motivation and program adher-
ence [66]. NeuroGrow brain coaches provide patients
with targeted cognitive training through the use
of computer-based brain games and/or hands-on
games that are designed to challenge specific cogni-
tive domains such as attention, memory, processing
speed, or executive function. These include chess,
sudoku, checkers, scrabble, Bananagram, Rush Hour,
Spot-it, and Blink. Such brain games have been
showed to improve cognitive function in patients with
cognitive deficits [67–69]. Patients with concerns
about their memory receive focused brain training on
how to memorize a list of 100 words. For patients who
prefer computer-based brain games, we use a brain
game App called HappyNeuronPro (HappyNeuron-
Pro.com). A full list of the brain games utilized in the
Brain Fitness Program is included in Supplementary
Figure 1.

Brain coaches also encourage patients to improve
their lifestyle so that they sleep better, have a health-
ier diet, reduce their stress, and exercise regularly.
During their first sessions, brain coaches provide
patients with a hand-out that includes an overview
of the scientific evidence about how certain lifestyle
modifications can improve brain health and cogni-
tive capacity as well as general recommendations
and resources on how they can incorporate these
changes in their lives [70]. They are also informed
about a book on this topic [14] if they are inter-
ested in obtaining further details about the scientific
basis of the recommendations they receive. Their
progress throughout the program is monitored and
documented on a weekly basis.

Brain coaches at NeuroGrow have a bachelor’s
or master’s degree in neuroscience or psychol-
ogy. Additionally, they undergo extensive training
with the neurologist and pass two in-house exams
before they are allowed to see patients. Brain
coaches help each patient incorporate the unique
and individual treatment protocols for brain coaching
interventions that are ordered by the neurolo-

gist, with the focus on improving the patient’s
specific set of symptoms. Brain coaches also encour-
age patients enthusiastically to incorporate habits
and lifestyle factors that are associated with bet-
ter cognitive function and brain health (described
below).

Patients with high levels of anxiety receive
training in stress management, Heart Rate Vari-
ability (HRV) biofeedback, and meditation.
They are encouraged to have a positive atti-
tude, stress less, and use phone apps such as
Headspace (http://www.headspace.com) and Calm
(http://www.calm.com), as well as the Muse biofeed-
back device (http://www.choosemuse.com), to
practice different forms of mediation. After gaining
a level of comfort with their introductory meditation
exercises, they learn more advanced methods of
meditation in the form of transcendental meditation.
Patients who have difficulty learning to meditate
receive HRV biofeedback during their brain coaching
sessions. Those with poor sleep receive general
counseling for better sleep hygiene. If patients have
symptoms suggestive of obstructive sleep apnea,
they are referred to a sleep lab for further testing and
treatment.

Patients with sedentary lifestyles are encouraged to
gradually increase the frequency and intensity of their
physical activities. Vigorous exercise for a minimum
of 45 min, four times a week (preferably through an
activity they enjoy) is recommended if patients are
physically healthy, as tolerated. This recommenda-
tion is directly from the United States Department of
Health and Human Services 2008 Physical Activity
Guidelines [71]. Brain coaches discuss patients’ cur-
rent level of exercise at each session and encourage
them to increase their level of exercise during their
weekly meetings, if needed.

Neurocognitive test results guide the cognitive
rehabilitation for each patient. If a patient has low
scores for executive function, they are assigned to
perform brain games that stimulate frontal lobe
functions. If a patient has low scores on mem-
ory, they are assigned to complete brain-training
assignments, which may include memorizing a
list of 100 words. Patients are also encouraged
to challenge their cognitive functions at home
with specific brain games from HappyNeuronPro;
these brain games have been used in more than
60 research and clinical studies, according to the
publisher’s website, which maintains an updated
list (https://www.happyneuronpro.com/en/research/
clinical-studies/).

http://www.headspace.com
http://www.calm.com
http://www.choosemuse.com
https://www.happyneuronpro.com/en/research/clinical-studies/
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Regarding diet, patients are introduced to a
Mediterranean diet, which consists of fruits, vegeta-
bles, whole grains, olive oil, nuts, and fish two to
three times a week. Taking omega-3 fatty acid supple-
ments (containing 1000–1500 mg/day of DHA+EPA)
is strongly encouraged. We provide patients with edu-
cation regarding the benefits of the Mediterranean
diet for improving their cognitive function [72]. Many
patients also receive general advice regarding portion
size, weight management, and fitness, if needed.

Brain coaches closely monitor the progress of
each patient toward better fitness, better sleep, lower
stress, healthier diet, meditation, brain exercises, and
having a positive attitude through weekly question-
naires, and mark them in a booklet (called the “The
Passport To A Sharper Brain” [73]. The subjective
responses of patients to a series of questions, their
“Brain Health Score” (Fig. 3), in this booklet help
brain coaches track patients’ progress toward indi-
vidualized set goals each week. Their progress with
regards to the number of words they memorize every
week, how well they sleep, how closely they fol-
low a heart-healthy Mediterranean diet, how positive
they are in their daily activities, how often they prac-
tice meditation, and how calm and relaxed they are
on a daily basis is also recorded in this booklet.
Brain coaches act as enthusiastic cheerleaders when
patients succeed in meeting goals and as encouraging
accountability partners when patients fall short.

Brain coaches meet with the lead neurologist in
the program every week to discuss each patient’s
progress, whether the patient has failed to improve
steadily, or if there are challenges with any aspects of
their progress. Such issues could include a patient’s
persistent insomnia challenges despite receiving gen-
eral recommendations for sleep hygiene and taking
over-the-counter herbal sleep supplements, or per-
sistent anxiety or stress management issues despite
general strategies such as regular physical exercise,
meditation, and receiving cognitive behavioral ther-
apy. The neurologist will then contact the patient to
discuss possible solutions to the problem, which may
include prescribing medications for a short period of
time.

Objective assessments to monitor patient
progress

At the mid-way point of their program, patients
repeat their neurocognitive evaluation and qEEG
brain mapping. They then meet with the neurolo-
gist to discuss their test results and progress towards

Fig. 3. Brain coaching and the Brain Health Score. Brain coaches
closely monitor the progress of each patient toward their indi-
vidual goals for better fitness, better sleep, lower stress, healthier
diet, meditation, brain exercises, and having a positive attitude.
During each brain coaching session, brain coaches discuss the
patient’s self-reported Brain Health Score for the previous week,
which marks the degree of progress made toward these goals. Brain
coaches act as enthusiastic cheerleaders when patients succeed in
meeting goals and as encouraging accountability partners when
patients fall short.

symptom improvement. Based on this conversation,
the second part of their program is modified, if
needed. For example, some patients may receive
more intensive training for verbal memory or exec-
utive functioning (based on the results of the
neurocognitive testing), or they may receive more
encouragement to improve their diet or sleep (based
on their responses to questionnaires). Since mid-way
evaluations do not occur at the same time across all
patients, these data were not included in this study.
At the end of the program, patients complete their
final round of testing and meet with the neurologist
to review their progress. If needed, the neurologist
may suggest further at home brain training or other
interventions to help patients fully recover from their
baseline symptoms.

Statistical analysis

If a patient’s pre- or post-program score on a given
measure was listed as invalid, both their pre- and post-
program scores for that measure were discarded and
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not used for analysis. All t-tests completed were cal-
culated using Microsoft Excel for Mac version 16.54
and were paired and 2-tailed. For this study, three
separate diagnosis groups of patients (ADHD, PCS,
and memory) were analyzed on 12 separate measures
(five CNS VS domains: Neurocognition Index, Ver-
bal Memory, Complex Attention, Processing Speed,
and Executive Functioning, ESS, PIRS20, BAI, BDI-
II, Brain Fitness Calculator Score, Neurocognitive
Symptoms, and Neurobehavioral Symptoms), for a
total number of hypotheses tested, m = 36. To control
for multiple testing, we utilized Bonferroni correction
to set the level of significance, αbonf = 0.0014. Effect
sizes for t-tests reported in this analysis are Cohen’s
dz (effect size for paired differences) and calculated
as they were in [74]. The standard benchmarks used
were as follows, small (0.2), medium (0.5), and large
(0.8) effect size.

Reliable Change (RC) was calculated for CNS VS
tests using the Jacobson-Truax method [75]. For these
calculations, Intraclass Correlation Coefficient (ICC)
values from the first to the third instance of taking
the test from the publication [76] were utilized as the
measure of test-retest reliability. RC was calculated
for the CNS VS domains Verbal Memory, Complex
Attention, Processing Speed, and Executive Func-
tioning just as in our previous study [42]. As in that
publication, the normative mean and standard devi-
ation for CNS VS domains (M = 100, SD = 15) was
taken from CNS VS materials [57], the normal range
was defined as within two standard deviations of the
normative mean (score ≥70), and the abnormal range
was defined as greater than two standard deviations
of the normative mean (score <70) [77].

The following formulas were used to calculate RC

SEmeas = SDnormative × √
1 − ICC

S(diff ) =
√

2(SEmeas)2

RC = (post score) − (pre score)

S(diff )

An |RC| > 1.96 is considered reliable change.
Using this metric, a patient would need a pre- to
post-program increase (or decrease) in score of at
least the following number of points to be consid-
ered reliable (1.96 × S(diff)): Verbal Memory = 32
points; Complex Attention = 26 points; Processing
Speed = 24 points; Executive Function = 26 points.
To determine whether individual patients experi-

enced reliable changes in score that were of clinical
significance, we restricted the RC calculations to
patients who were in the “abnormal” range for each
domain before the program (a score of <70) and also
determined whether they improved sufficiently to be
within the “normal” range for that domain after the
program (a score of ≥70) [77]. These analyses were
performed with Microsoft Excel.

Demographic information was compared between
patients in the three possible diagnosis subcategories
using ordinary one-way ANOVAs (for continuous
variables) and a two-way 2 × 3 chi-square test (for
sex). Repeated measures, 2 way grouped ANOVAs
were used to determine the effect of diagnosis
subgroup on test score change from pre- to post-
program; 12 separate tests/measures were considered
in this analysis, and αbonf = 0.004. All ANOVAs
and chi-square tests were performed using Graphpad
Prism 9 for Macintosh, version 9.1.2.

RESULTS

Demographics and details of brain fitness
program

The 223 patients who completed the program
included 71 patients with ADHD (this group is abbre-
viated as “ADHD”), 88 patients with PCS (this group
is abbreviated as “PCS”), and 64 patients with mem-
ory loss (this group is abbreviated as “memory”)
(Table 1). This 12-week program included EEG-
Neurofeedback and brain coaching, twice weekly,
with the goal of completing 24 sessions of each.
An overview of the complete BFP is shown in
Fig. 2. The mean time spent to complete the BFP
by patients in this study was 16.2 weeks (SD = 3.2
weeks). Time spent in the program, broken down by
diagnosis subgroup, is shown in Table 1; we per-
formed a one-way ANOVA and found no evidence
for a difference in mean weeks spent in the pro-
gram by patients in different subgroups (F = 1.503;
p = 0.2248). The average number of neurofeedback
sessions completed by patients during the BFP was
23.8 (SD = 3.7); there was no evidence for a differ-
ence in mean neurofeedback sessions between the
three subgroups (F = 0.2969; p = 0.7434). The aver-
age number of brain coaching sessions completed was
23.4 (SD = 3.5); there was no evidence for a differ-
ence in mean sessions completed between the three
subgroups (F = 0.4657; p = 0.6283).
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Table 1
Demographics of patients with ADHD, PCS, or memory loss who completed the brain fitness program along with the number of treatment

sessions they received

All Patients Patients Divided into Diagnosis Subgroups
ADHD PCS Memory

Total Patients 223 71 88 64
Male (%) 46.6% 63.4% 38.6% 39.1%
Female (%) 53.4% 36.6% 61.4% 60.9%
sAge in Years
(M (SD))

36.9 (19.3) 24.6 (15.3) 37.1 (16.6) 50.5 (17.7)

Age Ranges (%)

# of Brain
Coaching
Sessions (M
(SD))

23.4 (3.5) 23.1 (2.8) 23.5 (4.0) 23.6 (3.6)

# of
Neurofeedback
Sessions (M
(SD))

23.8 (3.7) 23.6 (2.8) 23.8 (3.7) 24.1 (4.6)

# of Weeks in
Program
(M (SD))

16.2 (3.2) 16.7 (3.3) 16.2 (3.1) 15.8 (3.2)

Mean age of patients at start of program and the
percentage of patients in each diagnosis subgroup by
sex and age category are listed in Table 1. There was a
significant difference in mean age at start of program
between the three groups (F = 41.04; p < 0.0001).
The mean age for patients in the ADHD diagnosis
subgroup was 24.6 years (SD = 15.3), the mean age
for the PCS subgroup was 37.1 years (SD = 16.6),
and the mean age for the memory subgroup was
50.5 years (SD = 17.7). The male/female frequency
distribution was significantly different between
the three diagnosis subgroups (χ2 = 11.74; df = 2;
p = 0.0028).

Improvements in cognitive scores

For patients in the ADHD, PCS, and memory sub-
groups, scores for neurocognitive tests taken before
the program were compared to those taken after the
program using paired t-tests (Table 2). For all three
diagnosis groups, the mean pre-program score for
the CNS VS domain Neurocognition Index, which
is a summary of multiple cognitive domains, was
within the “Low Average” range (Table 2, Fig. 4). Fol-
lowing completion of the program, the mean scores

for all three groups were now within the “Average”
range. For each of the three subgroups, the average
change from pre- to post-treatment was a signifi-
cant increase (improvement) in score, with p < 0.0001
and dz ≥ 0.75. For the ADHD group, Mdiff = 9.7
points; for the PCS group, Mdiff = 9.2 points; and for
the memory group, Mdiff = 9.5 points. Similar find-
ings were noted for the four other CNS VS domains
included in this study (Verbal Memory, Complex
Attention, Processing Speed, and Executive Func-
tioning). With the exception of the Verbal Memory
domain for the ADHD group, for which the mean
change in score (Mdiff = 6.7 points; p = 0.0027) was
not significant after Bonferroni correction, all three
groups experienced an increase in score for each
domain, p ≤ 0.0011.

For the effect sizes of these pre-post changes in
score, the CNS VS domain with the largest effect sizes
for all three groups was Executive Functioning, with
large effect sizes for all (for ADHD, dz = 0.86; for
PCS, dz = 0.83; and for memory, dz = 1.09). The Neu-
rocognition Index domain had a medium effect size
for patients with PCS (dz = 0.75) and a large effect
size for patients with ADHD (dz = 0.81) and memory
deficits (dz = 0.93). Verbal Memory domain scores
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Fig. 4. Mean CNS VS domain scores before and after treatment. For patients in the ADHD, PCS, and memory diagnosis groups, mean test
scores are shown before and after the brain fitness program (error bars are standard error of the mean). For all these domains, an increase
in score indicates improvement. In all cases except for the ADHD group Verbal Memory domain, the mean change in score from pre- to
post-program (Table 2) was a significant increase (improvement).

significantly improved after the program in the PCS
(dz = 0.47) and memory (dz = 0.44) diagnosis groups,
with small effect sizes for both.

Improvement in symptoms

Patients completed several questionnaires to deter-
mine the nature and severity of their brain-related
symptoms. These included four validated and stan-
dard questionnaires regarding sleep and mood (the
ESS, PIRS20, BAI, and BDI-II) and three ques-
tionnaires which were designed at NeuroGrow
Brain Fitness Center (The Brain Fitness Calcula-
tor, Neurocognitive Symptoms, and Neurobehavioral
Symptoms; the full text for these questionnaires was
published in [42]). An example of three representative
patients with memory loss who experienced improve-
ment in cognitive scores as well as a wide range of
“Neurocognitive and Neurobehavioral Symptoms” is
shown in Fig. 5.

For the validated questionnaires on sleep and
mood, mean pre- and post-program scores for all
three diagnosis groups are shown graphically in
Fig. 6. For the ADHD group and PCS group, the
mean change in score from pre- to post-program
was a significant increase (improvement) on all four
questionnaires (p ≤ 0.0006; Table 2). For the mem-
ory group, there was a significant increase in score for
the PIRS20 and the BDI-II (p ≤ 0.0004). For the ESS
and the BAI, there was no significant mean change
in score after Bonferroni correction for multiple
testing.

For the Brain Fitness Calculator Score (Table 2,
Fig. 7), the mean change in score from pre- to post-
program was a significant increase (improvement)

for all three diagnosis groups (p ? 0.0001). For the
ADHD diagnosis group, the effect size for this score
change was large (dz = 0.80), for the PCS diagno-
sis group, the effect size was large (dz = 0.90), and
for the memory group, the effect size was medium
(dz = 0.76). The Neurocognitive Symptoms and Neu-
robehavioral Symptoms questionnaires allow for the
improvement of symptoms to be tracked in patients
during the BFP. For both Neurocognitive Symptoms
and Neurobehavioral Symptoms, the mean change
in score from pre- to post-program was a signifi-
cant decrease (improvement) for all three diagnosis
groups (p ≤.0001) with medium (ADHD) or large
(PCS and memory) effect sizes.

Meaningful change in scores for individual
patients

The percent of patients in the ADHD, PCS, or
memory loss groups whose post-program scores was
higher in the direction of improvement by at least
one point when compared to their pre-program test
scores are shown in Fig. 8. To determine whether indi-
vidual patients experienced reliable score changes of
clinical significance on the CNS VS domains Ver-
bal Memory, Complex Attention, Processing Speed,
and Executive Functioning, we utilized the Jacobson-
Truax Reliable Change (RC) measure (see Methods).
Using this metric, an individual patient would need a
pre- to post-program increase (or decrease) in score
of at least the following number of points to be
considered a “reliable change”: Verbal Memory = 32
points; Complex Attention = 26 points; Processing
Speed = 24 points; Executive Function = 26 points.
Using this method, it is only possible to determine
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whether or not any “reliable change” in score is of
“clinical significance” for patients who began the pro-
gram with scores in the abnormal range for that test
(see Methods). The percentage of patients in each
diagnosis group who experienced a “reliable score
improvement of clinical significance” is graphed in
Fig. 8B and summarized below.

For the ADHD group, 11 patients (15%) were
in the abnormal range for Verbal Memory before
treatment; of these, 9% (one patient) experienced reli-
able improvement in score of clinical significance.
For Complex Attention, 18 patients (26%) were in
the abnormal range before treatment; of these, 56%
experienced reliable improvement in score of clinical
significance. For Processing Speed, 5 patients (7%)
scored in the abnormal range before the program;
of these, 20% (one patient) experienced reliable
improvement of clinical significance. For Execu-
tive Functioning, 10 patients (14%) scored in the
abnormal range before the program; of these, 60%
experienced reliable improvement of clinical signifi-
cance.

For the PCS group, 19 patients (22%) scored in
the abnormal range for the Verbal Memory domain
before the program; of these, 32% experienced a reli-
able improvement in score of clinical significance.
For the Complex Attention domain, 13 patients (15%)
scored in the abnormal range before the program;
of these, 69% experienced a reliable improvement
of clinical significance. For Processing Speed, 3
patients (3%) scored in the abnormal range before
the program; of these, 66% experienced a reliable
improvement of clinical significance. For Execu-
tive Functioning, 21 patients (24%) scored in the
abnormal range before the program; of these, 48%
experienced an improvement in score of clinical sig-
nificance.

For the memory group, 8 patients (13%) scored in
the abnormal range in Verbal Memory domain before

the program; of these, 50% experienced an improve-
ment in score of clinical significance. For Complex
Attention, 9 patients (14%) were in the abnormal
range before treatment; of these, 44% experienced
a reliable improvement in score of clinical signifi-
cance. For Processing Speed, 5 patients (8%) were in
the abnormal range before the program; of these, 40%
(two patients) experienced a reliable improvement in
score of clinical significance. For Executive Func-
tioning, 14 patients (22%) scored in the abnormal
range before the program; of these, 40% experienced
a reliable score improvement of clinical significance.

No evidence for differential effects of the
program on different diagnosis subgroups

For each test/measure, a 2-way repeated measures
ANOVA was performed to determine the effect of
diagnosis subgroup (ADHD, PCS, or memory) on
test score change from pre- to post- program. After
Bonferroni correction for m = 12 tests, there was no
evidence that diagnosis subgroup had an effect on
score change over the course of the NeuroGrow BFP
for any measure tested (p ≥ 0.0242; further data not
shown).

DISCUSSION

Patients with ADHD, PCS, or memory loss who
completed the NeuroGrow Brain Fitness Program
experienced significant improvement in scores for
CNS VS Neurocognition Index, Complex Atten-
tion, Processing Speed, and Executive Functioning.
Patients in the ADHD group did not experience
improvements in the Verbal Memory domain. In this
study, we included patients who completed at least 10
of the 24 total treatment sessions (twice weekly, for 12
weeks) in less than 26 weeks. After receiving one-on-
one coaching to improve their lifestyle choices, brain

Fig. 5. Raw data from three patients who completed the NeuroGrow BFP. Pre-program, post-program, and mid-program test scores and
questionnaire responses are shown for three patients with memory loss: Patient 1, a 44-year-old woman (left panels of A, B, and C); Patient
2, a 38-year-old man (center panels of A, B, and C); and Patient 3, a 55-year-old woman (right panels of A, B, and C). A) CNS VS
Neurocognitive testing at pre-program shows that these patients had particularly low scores for Verbal Memory at baseline. Scores were
higher (better) at mid-point in the program and after completing the BFP. B) The Brain Fitness Calculator score was higher (better) at the
mid-point and after completing the program when compared to their baseline (pre-program) score for all three patients. C) A pair of spider
diagrams display numeric test scores for the Neurocognitive Symptoms Checklist (top circle) and NeuroBehavioral Symptoms Checklists
(bottom circle). For both checklists, lower scores represent fewer/less severe symptoms and are graphed closer to the center of the diagram.
This diagram demonstrates the specific questions that each patient responds to, and how these values decreased (improved) at mid-point and
after completing the BFP. These spider diagrams highlight the important fact that each patient who reports having memory loss suffers from
a unique constellation of symptoms and comorbidities, at different levels of severity. The goal of the program is for the reported symptoms
of patients at their post-program visit (purple triangles) fall in the green target zone of these circles.
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Table 2
Paired T-test results and effect sizes for patients in major diagnosis subgroups

ADHD PCS Memory
Pre Post Change Paired t-test Pre Post Change Paired t-test Pre Post Change Paired t-test

Measure n M (SD) M (SD) Mdiff
(SDdiff )

p dz n M
(SD)

M
(SD)

Mdiff
(SDdiff )

p dz n M
(SD)

M
(SD)

Mdiff
(SDdiff )

p dz

Neurocog. Index 70 86.2
(12.8)

95.9
(11.9)

9.7
(12.0)

<0.0001∗ 0.81 87 86.6
(15.2)

95.7
(14.7)

9.2
(12.2)

<0.0001∗ 0.75 64 89.3
(17.4)

98.8
(13.8)

9.5
(10.2)

<0.0001∗ 0.93

Verbal Memory 71 91.7
(18.2)

98.5
(18.6)

6.7
(18.3)

0.0027 0.37 88 90.7
(21.1)

99.8
(17.6)

9.1
(19.2)

<0.0001∗ 0.47 64 90.7
(17.6)

99.8
(18.8)

9.1
(20.5)

0.0007∗ 0.44

Complex Attention 69 87.2
(19.7)

97.8
(18.1)

10.6
(19.3)

<0.0001∗ 0.55 86 93.0
(17.5)

99.7
(17.6)

6.7
(18.4)

0.0011∗ 0.36 63 94.3
(17.2)

104.6
(13.0)

10.3
(13.7)

<0.0001∗ 0.76

Processing Speed 71 91.2
(14.1)

98.2
(12.8)

7.0
(10.5)

<0.0001∗ 0.66 88 93.5
(15.3)

101.6
(15.1)

8.1
(13.5)

<0.0001∗ 0.60 64 96.0
(16.1)

103.8
(14.8)

7.8
(12.2)

<0.0001∗ 0.64

Executive Function 71 88.6
(15.3)

100.2
(14.1)

11.6
(13.5)

<0.0001∗ 0.86 88 86.0
(17.6)

98.3
(18.2)

12.3
(14.9)

<0.0001∗ 0.83 64 88.2
(19.8)

100.7
(17.5)

12.4
(11.4)

<0.0001∗ 1.09

Brain Fitness 70 47.8
(10.8)

55.2
(9.0)

7.4
(9.3)

<0.0001∗ 0.80 86 43.8
(9.7)

53.6
(8.9)

9.8
(10.9)

<0.0001∗ 0.90 64 46.1
(7.6)

54.0
(10.8)

7.8
(10.4)

<0.0001∗ 0.76

ESSa 36 6.9
(4.5)

5.0
(3.5)

–1.9
(3.0)

0.0006∗ –0.63 73 7.9
(4.9)

6.2
(4.5)

–1.8
(3.9)

0.0002∗ –0.46 60 7.3
(4.8)

5.8
(4.8)

–1.5
(5.1)

0.0258 –0.30

PIRS20a 36 30.9
(12.1)

20.4
(11.7)

–10.5
(13.0)

<0.0001∗ –0.81 73 29.1
(12.2)

21.3
(12.2)

–7.9
(12.3)

<0.0001∗ –0.64 60 26.0
(16.0)

17.8
(11.5)

–8.2
(12.5)

<0.0001∗ –0.65

BAIa 35 17.2
(12.9)

8.1
(7.4)

–9.2
(9.6)

<0.0001∗ –0.95 73 17.8
(10.5)

11.8
(8.3)

–5.9
(7.5)

<0.0001∗ –0.79 60 14.0
(11.5)

10.0
(13.9)

–4.1
(14.6)

0.0347 –0.28

BDI-IIa 36 15.9
(10.3)

8.3
(8.5)

–7.6
(8.1)

<0.0001∗ –0.93 72 16.2
(9.3)

11.7
(7.8)

–4.5
(6.1)

<0.0001∗ –0.74 60 14.2
(9.2)

8.7
(10.4)

–5.5
(11.3)

0.0004∗ –0.49

Neurocog.
Symptoms

70 76.0
(25.7)

58.5
(23.9)

–17.5
(24.7)

<0.0001∗ –0.71 87 88.4
(29.3)

62.7
(29.2)

–25.7
(26.8)

<0.0001∗ –0.96 62 79.4
(26.8)

58.8
(27.3)

–20.6
(23.3)

<0.0001∗ –0.88

Neurobeh.
Symptoms

69 79.7
(34.8)

56.8
(27.0)

–23.0
(29.5)

<0.0001∗ –0.78 86 89.4
(33.7)

64.2
(29.5)

–25.2
(29.1)

<0.0001∗ –0.87 61 77.3
(33.7)

52.2
(26.2)

–25.2
(27.1)

<0.0001∗ –0.93

aOnly adult patients are included for this measure; ∗Significant change at αbonf = 0.0014. Large effect sizes (Cohen’s dz ) are bolded. For measures: Neurocognition Index through Brain Fitness,
an increase in score indicates improvement. For measures: ESS through Neurobehavioral Symptoms, a decrease in score indicates improvement.
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Fig. 6. Mean scores before and after treatment on measures taken only by adult patients. For adult patients in the ADHD, PCS, and memory
diagnosis groups, mean test scores are shown before and after the brain fitness program (error bars are standard error of the mean). For all
these measures, a decrease in score indicates improvement. Scores on the ESS range from 0–24, and scores from 1–10 are within the normal
daytime sleepiness range. Scores on the PIRS20 range from 0 to 60. Scores on the BAI range from 0–63, and the horizontal dotted lines
represent the divisions between minimal (0–7), mild (8–15) and moderate (16–25) anxiety. Scores on the BDI-II range from 0 to 63, and the
horizontal dotted lines represent the divisions between minimal (0–13), mild (14–19), and moderate (20–28) depression. In all cases except
for the memory group ESS and BAI, the mean change in score from pre- to post-program (Table 2) was a significant decrease (improvement).

Fig. 7. Mean scores before and after treatment on in-house tests.
For patients in the ADHD, PCS, and memory diagnosis groups,
mean test scores are shown before and after the Brain Fitness Pro-
gram (error bars are standard error of the mean). Brain Fitness
scores can range from 15 to 75, and an increase in score indicates
improvement. Scores on the Neurocognitive Symptoms scale range
from 15 to 150, and a decrease in score indicates improvement.
Scores on the Neurobehavioral Symptoms scale range from 20 to
200, and a decrease in score indicates improvement. In all cases,
the mean change in score from pre- to post-program (Table 2) was
a significant score improvement.

training, and neurofeedback, 60% to 90% of patients
reported having fewer sleep, mood, anxiety, and a list
of other neurocognitive and neurobehavioral symp-
toms. Patients also experienced higher post-program
“brain fitness” scores, which is an in-house measure
of optimal brain function and quality of life [42].

The degree of improvement in cognitive scores
and symptoms, which had medium to large effect
sizes, were similar in all three patient groups; there
was no evidence from repeated measures ANOVAs
that the NeuroGrow BFP had different effects on

patients in different diagnosis subgroups. Using the
Jacobson-Truax RC method to determine whether
individual patients experienced improvements, a sub-
set of patients in each diagnosis category experienced
reliable improvement of clinical significance in each
of the CNS VS domains examined (ranging from 9%
to 69% of those who began the study in the abnormal
range for each test).

The focus of our initial research was to deter-
mine if a multimodal set of interventions can help
patients with MCI [41]. In 2016, we published our
findings, which showed that 84% of these patients
had improvements in their cognitive capacity and that
half of patients who had before-and-after quantita-
tive MRIs had a significant increase in the size of
their hippocampus [41]. We then tested the hypoth-
esis that the same interventions can help patients
who have had persistent concussion symptoms for
months to years. In 2020, we published the results
of our study in patients with PCS, which showed
89% had better cognitive scores at the end of this
12-week brain rehabilitation program [42]. In this
study, we report that 80% of children and adults
with ADHD gained improvement in their cognitive
scores. We also found that 80% of patients with
memory loss and 80% of patients with PCS in our
current patient population had higher scores in their
post-program testing. These findings are consistent
with results from our earlier studies and those of a
recent clinical trial, which showed more than 80% of
patients with MCI or mild Alzheimer’s disease who
received a set of personalized multi-modal interven-
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tions had better cognitive scores after 9 months of
treatment [39].

Similar level of improvements in ADHD, PCS,
and memory loss groups

The finding that there was no evidence for a differ-
ence in the level of improvement experienced by these
three diverse patient populations in their cognitive
performance from our multimodal set of interven-
tions justifies starting larger clinical trials, similar to
the FINGER study [78], to determine the biologi-
cal mechanisms underlying these improvements. It is
possible that the superior cognitive capacity in one
group could be due to anatomical changes, higher
levels of BDNF, or lower levels of cortisol, whereas
in another group it could be due to better physical
health and/or psychological well-being. As such, in
our future studies we plan to obtain more quanti-
tative data from our patients, including brain MRIs
and blood biomarkers such as BDNF, cortisol, and
markers of inflammation.

Benefits of a multimodal program for patients
with ADHD

Our findings, along with results from other stud-
ies for patients with ADHD, PCS, or memory loss
contribute to the growing evidence that a multi-
disciplinary set of interventions is more likely to
provide effective results than treatment protocols
that focus only on one intervention. In particular,
this is the case for clinical trials for ADHD, for
which specific outcome measures and treatment pro-
tocols have been well established [79, 80]. A NIMH
study found that children with ADHD who received
a combination of treatments with medication and
multi-component behavioral therapy gained more
improvements in their symptoms than those who
received either of these treatments alone [81]. A
study that compared benefits of neurofeedback and
taking ADHD medication found that children who
received a combination of these two interventions
had better outcomes [82]. Finally, a recent systematic
review of nine randomized clinical trials concluded
that a combination of neurofeedback, ADHD medi-
cation, physical activity, behavioral therapy training,
or attention training with brain-computer interactions
is more effective than mono-therapy [80].

In our future studies, we plan to compare the exact
amount of brain training each patient receives (both
during their brain coaching sessions in our office and
during their brain training with computer games at

their own home) to their degree of success in improv-
ing cognitive scores and symptoms. We will also
include a waitlist control group with no interventions
and a placebo group (which will receive sham neu-
rofeedback treatment) as well as individual groups
which will receive only neurofeedback treatment,
only coaching for lifestyle enhancement, and only tar-
geted cognitive training. Comparing the results from
this group with those from the group that receives
two or three interventions will help determine the if a
multimodal treatment protocol is more effective than
a mono-therapy protocol.

Similarly, with regards to stress reduction, some
patients were trained to meditate, while others were
offered to practice HRV biofeedback–depending on
their interest and preference. This was necessary, as
all the interventions in the program were tailored
to the preferences and needs of individual patients.
Some patients found it difficult to meditate, though
they enjoyed participating in HRV biofeedback, and
vice versa. In future studies, it would be optimal
to keep track of the exact amount of stress reduc-
tion treatment each patient received. Patients should
also be monitored 6 months to 12 months after they
complete the program to determine whether the ben-
efits of this program are long-lasting. Finally, the
interventions in NeuroGrow BFP are intended to
increase levels of BDNF, improve cerebral blood
flow, promote neurogenesis, lower levels of corti-
sol, and promote physical growth in the hippocampus
and prefrontal cortex. In order to determine whether
or not this was the case, future studies will need to
measure baseline and final levels of biomarkers for
neuroplasticity, including levels of BDNF and corti-
sol and perform pre-post quantitative MRIs. These
findings will help determine how closely biologi-
cal markers correspond to improvements in cognitive
scores and/or brain-related symptoms.

Combination of cognitive and behavioral
symptoms in all patient subgroups

Patients who presented with symptoms of ADHD,
PCS, or memory loss often suffered some degree of
anxiety, depression, and insomnia or daytime hyper-
somnolence, as measured by BAI, BDI-ii, PIRS, and
ESS. Though the focus of the NeuroGrow BFP was
not solely to improve anxiety, mood, or sleep issues
for patients, the results indicate that patients in all
three diagnosis categories experienced improvements
in their emotions, sleep pattern, and daytime alert-
ness. These improvements, which may or may not
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Fig. 8. Score changes by diagnosis category. A) Percent of patients in the ADHD, PCS, or memory loss groups whose post-program scores
were “better” (in the direction of improvement according to each specific test) than their pre-program test scores. B) Percent of patients who
scored less than 70 on their baseline test who improved by at least the RCI. These patients can be considered to have experienced reliable
change of clinical importance. Below each bar, the number of patients in that diagnosis category who scored below 70 on the pre-program
test is written.

include mechanisms related to neuroplasticity, may
have contributed to their overall sense of well-being
and having better cognitive capacity. Given that they
had parallel improvements in their objective cogni-
tive test scores, it is also possible that their improved
cognitive capacity may have reduced their anxiety,
enhanced their productivity, and in turn these led
to better sleep at night and more energy during the
day. As evidenced in higher brain fitness scores, most
patients who completed this program reported having
better self-esteem.

Brain fitness calculator

In an attempt to assess a combination of cognitive
and non-cognitive issues as well as measures related
to quality of life for each patient, we used an in-house
questionnaire called the “Brain Fitness Calculator”
[42]. This questionnaire includes 15 questions about
sleep, mood, positive attitude, social engagement,

cognitive stimulation, extracurricular activities and
hobbies, as well as exercise, diet, and compliance
with taking omega-3 supplements. Our results show
that approximately 80% of patients in this study had
higher brain fitness scores after they completed our
program, in parallel to their improvements for spe-
cific cognitive domains and responses to other more
commonly used questionnaires with a high degree of
reliability and validity, such as BAI, BDI-ii, PIRS,
and ESS [83–86]. As such, this instrument for eval-
uating global change in a patient with ADHD, PCS,
and memory loss merits further evaluation in future
studies.

A personalized set of interventions

Importantly, patients with ADHD, PCS, and mem-
ory loss experience a broad range of brain-related
symptoms and comorbidities (Fig. 1). For example,
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patients with memory loss may also have varying
degrees of depression, executive function deficits,
slow thinking, insomnia, anxiety, or headaches [87].
Many of our patients with memory loss who also had
significant difficulty sleeping, or had high levels of
anxiety, sad mood, or attention issues did not meet
the criteria for a formal diagnosis of major depressive
disorder, general anxiety disorder, ADHD, and/or
insomnia. Our encouraging results suggest that there
is a need to recognize the broad spectrum of cogni-
tive and non-cognitive symptoms that affect patients
who present to a neurology practice with a single
complaint such as poor memory and the importance
of providing a multimodal and individualized set of
interventions that treats all of their symptoms.

Limited pharmaceutical interventions are available
for treating the multitude of symptoms in patients
diagnosed with ADHD, PCS, or memory loss, and
these available medications often produce only sub-
optimal and temporary benefits [88, 89]. These
patients would likely have better outcomes if all
of their individual cognitive deficits and particular
behavioral symptoms (such as anxiety or insomnia)
were identified, and then treated in a personalized
set of interventions that aim to boost brain repair
and growth. One reason for the apparent success of
the NeuroGrow program is an emphasis on a holis-
tic and personalized approach to address all of each
patient’s cognitive and non-cognitive concerns. We
identified the specific issues for each patient and
provided them with targeted brain training and reha-
bilitation treatment such as lifestyle modifications,
sleep counseling, and exercise coaching. Our results
indicate that such individualized interventions can
provide measurable objective improvements in both
cognitive scores and symptoms.

Examples of patients with memory loss who
completed the NeuroGrow BFP

Figure 5 illustrates how three different patients
with memory loss can have a completely different
set of co-morbidities and parallel cognitive deficits
on formal neurocognitive evaluations. Patient 1 (left
panels of Fig. 5A–C) is a 44-year-old woman whose
CNS VS neurocognitive testing shows her Verbal
Memory score is at 30th percentile for her age. Her
brain fitness score is low (red zone) at baseline. She
reports a level of 9 out of 10 (blue dots on the outer
edge of the “neurocognitive” spider diagram) for dif-
ficulty with forgetting what she reads, expressing
herself, concentrating, difficulty planning ahead, cal-

culating, and several other cognitive functions. She
also reports a level of 9 out of 10 (blue dots on
the outer edge of “neurobehavioral” spider diagram)
for difficulty with irritability, low motivation, general
anxiety, and mood swings.

After six weeks of the BFP, her cognitive scores,
brain fitness score, and many of her neurobehavioral
symptoms improve, but she reports she still has a
level of 4 out of 10 (orange squares in the yellow
range of the neurocognitive spider diagram) difficulty
with remembering names, expressing herself, pay-
ing attention, understanding instructions, and many
of her other baseline neurocognitive symptoms. By
the time she completes this 12-week program, all her
cognitive scores are above the 50th percentile for her
age, her brain fitness score is in the normal range
(green), and all her reported symptoms are minimal
(purple triangles in the green zone).

Patient 2 (center panels of Fig. 5A–C) is a 38-
year-old man who also reports having poor memory.
His baseline neurocognitive testing shows his CNS
VS Verbal Memory score at baseline is at 6th per-
centile for his age. His brain fitness score is low (red
zone). Although he reports suffering from memory-
related symptoms, he does not appear to have marked
complaints about his attention, executive function,
navigation, or verbal fluency symptoms. His over-
all load of neurobehavioral symptoms is high, and
he reports a level of 8 out of 10 difficulty falling
asleep and staying asleep. As with the first patient,
his cognitive scores, brain fitness score, and all of his
brain-related symptoms improve by the mid-point in
the program and reach normal levels by the end of
the program.

Patient 3 (right panels of Fig. 5A–C) is a 55-year-
old woman whose baseline CNS VS Verbal Memory
score is at 6th percentile for her age, her brain fit-
ness score is in the intermediate range (orange), and
her brain-related symptoms include memory, exec-
utive function, navigation, and word-finding issues.
Her neurobehavioral symptoms include fatigue, diffi-
culty staying asleep, headaches, and hypersensitivity
to light and sound. She too shows improvement in her
mid-program assessment and marked resolution of
her symptoms by the time she completes the program.

These three examples illustrate how patients who
present to a neurology practice with concerns about
their memory (and have memory deficits on objec-
tive neurocognitive tests) often have a constellation
of different symptoms, most of which are inter-
connected (e.g., having anxiety leads to difficulty
sleeping, which in turn leads to difficulty remem-
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Fig. 9. Summary of the NeuroGrow Brain Fitness Program interventions and the mechanisms by which this multi-disciplinary set of
interventions may improve clinical symptoms. In NeuroGrow’s 12-week Brain Fitness Program, patients receive EEG-based neurofeedback,
which is a form of biofeedback to help normalize brain oscillations. They also receive life coaching (to improve their sleep, meditate, exercise
more, eat a Mediterranean diet, and take omega-3 fatty acid supplements) as well as targeted brain training (to improve their memory, attention,
executive function, processing speed, and other cognitive domains). The combination of these interventions can potentially increase levels of
brain-derived neurotrophic factor (BDNF), reduce levels of cortisol, enhance glymphatic function, and reduce inflammation in the brain. They
may also increase the number of blood vessels in the brain (neo-vascularization), promote neurogenesis, ameliorate connectivity in the brain,
and result in a higher number of synapses. However, it is also possible that these interventions improve cognitive capacity and symptoms of
patients with memory loss, ADHD, and PCS through other mechanisms such as better physical health and enhanced psychological factors.
More studies with data from brain MRIs and blood biomarkers are needed to establish the exact mechanisms for improvements noted in
these patient populations.

bering things during the day). The challenges for
neurologists or primary care physicians who treat
patients with ADHD, PCS, and memory loss are to
index all of their patients’ brain-related issues and
address them in a holistic program.

Targeted cognitive training in a multimodal set of
interventions

We provided intensive cognitive training for our
patients through a series of brain games that were both
challenging and enjoyable for our individual patients.
The emphasis was on trying to push patients beyond
their comfort zone while keeping the sessions enjoy-
able. A combination of hands on and computer-based
games were used to challenge patients gradually
at every visit (Supplementary Figure 1). For each
of the hands-on games for each patient, their brain
coach documented the level of the game he/she had
reached each week. Their advances in doing more dif-
ficult brain games on the computer-based brain games
were also documented and monitored. Depending on
the level of interest from the patient, brain coaches
also assigned “homework,” which consisted of doing

more of the assigned hands-on or computer-based
brain games at home.

There are mixed results regarding the meaningful
benefits of cognitive training for patients with brain
related symptoms [90]. Some studies have shown
great benefits [91] while others demonstrate lack of
any benefits [92, 93]. Given the concept of neuroplas-
ticity and the fact that brain training has been shown
to improve cortical thickness [94, 95] and cognitive
capacity [96], the negative reports may be in part due
to methodological issues. Reports that indicate a lack
of benefit from brain training often do not provide tar-
geted cognitive stimulation for the specific cognitive
domain that the patient suffers from.

For example, if a patient has poor verbal mem-
ory, a generalized brain training program may not
produce any benefits for him/her, whereas specific
cognitive stimulation that targets improving verbal
memory would. As such, it is important to focus on
a patient’s specific cognitive impairment and con-
struct an individualized rehabilitation program to
address that specific domain. Moreover, even tar-
geted cognitive training in isolation may provide
only modest improvement, especially if a patient
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also suffers from sleep, anxiety, or depressed mood
[97]. Targeted brain training provides more robust
results when combined with interventions such as
improving sleep, improving diet and exercise, and
reducing anxiety. In our study, we found that anx-
iety, mood, and sleep issues were quite common
in our three patient groups. We also noted parallel
improvements in cognitive scores and improvements
in sleep and neurobehavioral symptoms. Our find-
ings support the notion that cognitive training is more
effective when patients receive holistic treatment that
addresses both cognitive and emotional/behavioral
issues [97].

Benefits of non-drug interventions for patients
with ADHD

The most effective treatment for ADHD is the
use of medications such as methylphenidate or
amphetamine salts [79]. These medications often
produce remarkable improvement in cognitive per-
formance and ADHD symptoms within hours.
However, the benefits from taking a single dose
do not last beyond one day, and not all children
or adults can tolerate their side effects and com-
plications. Their long-term daily use is associated
with anorexia, weight loss, insomnia, and addiction
[79]. Non-pharmacological treatments for ADHD
include cognitive behavioral therapy, cognitive train-
ing, increasing physical exercise, and neurofeedback
[79, 80].

Several randomized clinical trials have shown that
neurofeedback is equally effective as treatment with
stimulant ADHD medications, and that it provides
long-lasting results with no significant side effects.
A randomized clinical trial in 104 children compar-
ing neurofeedback with cognitive therapy found both
interventions improve ADHD symptoms, though
the neurofeedback treatment appeared to be more
effective than cognitive therapy [98]. Unlike the med-
ication group, the neurofeedback group still had
better performance in objective cognitive tests six
months after the completion of the treatment proto-
col. These findings suggest that the most effective
intervention, with the least side effects, would be a
program that combines neurofeedback with cognitive
training and lifestyle modifications to increase physi-
cal fitness. The positive findings for our patients with
ADHD who received EEG-based neurofeedback,
targeted cognitive training, and lifestyle coaching
in our program are in line with these expected
findings. We now need larger clinical trials with

appropriate control groups to confirm our preliminary
findings.

Emphasis on interventions for improving
neuroplasticity in the brain

An overview of the Brain Fitness Program is
shown in Fig. 2. Figure 9 shows the main compo-
nents of the NeuroGrow BFP and its theoretical basis
for improving clinical symptoms in patients through
improving neuroplasticity in their brain. The neuro-
plasticity literature has provided compelling evidence
that lifestyle modifications such as exercise, sleeping
well, minimizing stress, and eating a Mediterranean
diet can enhance the number of blood vessels in
the brain, promote synaptogenesis, and trigger neu-
rogenesis [13, 14, 38]. These changes in the brain
appear to be mediated through increasing levels of
BDNF and a reduction in cortisol levels as well as
improvements in glymphatic function and a reduc-
tion in inflammation [13, 18, 99, 100]. Targeted brain
training, HRV biofeedback, and neurofeedback have
also been shown to improve attention, memory, and
sleep patterns [44].

Strength and limitations

Strengths of this study included having a large
group of patients from different age groups from
a community-based population. Moreover, only
patients who had disruptive symptoms and abnor-
malities in objective cognitive tests were included
in this study. Their progress was monitored both
by improvements in their computer-based cogni-
tive evaluations (objective findings) and responses
to a series of comprehensive questionnaires (subjec-
tive findings). The questionnaires included widely
used assessment scales for anxiety and mood (BAI
and BDI-ii) and sleep (ESS and PIRS) as well as
35 questions in the neurocognitive and neurobe-
havioral checklists and 15 questions in the Brain
Fitness assessment. Finally, using identical tests and
questionnaires for patients with ADHD, PCS, and
memory loss allowed the parallel evaluation of the
NeuroGrow BFP in these three groups of patients.

The main limitation of this study is the lack of
a control or placebo group. Though it is difficult to
find a comparable group of patients with the exact
same profile of cognitive deficits and brain-related
symptoms, studying a larger group of patients–and
comparing them with a wait-list group–may make
it possible to do a more definitive assessment of the



694 M. Fotuhi et al. / A 12-Week Non-Drug “Brain Fitness Program”

NeuroGrow BFP. There was also a lack of consistency
in the brain games that were used for different patients
in each group. Some patients were trained to mem-
orize a list of 100 words, while others were trained
with hands-on brain games that improves executive
function or processing speed. Because the program
was personalized and each patient received targeted
brain training and given that each patient had a vari-
able degree of preferences for computer-based versus
hands-on brain games and variable degree of enthu-
siasm to improve their cognitive capacity, very few
patients received an identical dose of brain training.
An additional limitation is the fact that patients of
different ages were included in the study. To control
for this, we have focused on the CNS VS battery of
cognitive tests (which compares each patient’s perfor-
mance to average values for individuals of the same
age) and considered only adult patients in all statis-
tical tests for the measures ESS, PIRS20, BAI, and
BDI-ii.

In summary, we found that patients who completed
the NeuroGrow Brain Fitness Program (twice-weekly
brain training sessions for 12 weeks) experienced
significant improvement in their symptoms and
objective neurocognitive test scores from a personal-
ized set of interventions through brain coaching and
neurofeedback. These preliminary findings appear to
show that multimodal interventions which are known
to increase neuroplasticity in the brain, when person-
alized, can have benefits for patients with cognitive
symptoms from a variety of neurological conditions.
They support the need for more research into such
transdiagnostic interventions for the treatment of
patients with ADHD, PCS, or memory loss.
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