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Meditation, CBT, and Neural Plasticity: A Comparative Investigation of
Non-Pharmacological ADHD Interventions

Abstract

This study investigates the impact of mindfulness meditation as an adjunctive treatment for
adults with Attention-Deficit/Hyperactivity Disorder (ADHD). By integrating neuroimaging,
behavioural assessments, and self-reports, the research explores the effects of an eight-week
mindfulness intervention on cognitive flexibility, emotional regulation, and neural activity in
the default mode network (DMN). Participants were divided into three groups: ADHD
medication combined with mindfulness meditation, and a medication-only control group,
with limited inclusion of a cognitive-behavioural therapy (CBT) group for comparison.
Functional Magnetic Resonance Imaging (fMRI) was used to assess changes in DMN activity
and connectivity with cognitive control regions, while behavioural tasks such as the
Wisconsin Card Sorting Test (WCST) evaluated cognitive adaptability. Emotional regulation

was measured using the Difficulties in Emotion Regulation Scale (DERS).

The study hypothesises that mindfulness meditation, in combination with medication, will
significantly reduce DMN activity, enhance cognitive control, and improve emotional
regulation compared to medication alone. Mindfulness meditation is expected to demonstrate
unique benefits, including heightened attentional focus, improved present-moment
awareness, and reduced impulsivity. Findings aim to provide a deeper understanding of
neuroplasticity in ADHD and inform the development of accessible, tailored interventions.
This research contributes to the growing body of evidence supporting non-pharmacological
approaches, with a strong emphasis on mindfulness meditation as a key component of

multimodal ADHD management frameworks.
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Introduction

This project explores the impact of meditation on enhancing cognitive flexibility and
emotional regulation, specifically focusing on individuals with attention deficit hyperactivity
disorder (ADHD). ADHD is a neurodevelopmental disorder characterized by persistent
patterns of inattention, hyperactivity, and impulsivity that interfere with functioning or
development (Norman et al., 2024a). It is associated with executive dysfunction, which
affects the brain's ability to manage emotions, thoughts, and actions (Willcutt et al., 2005).
Executive function refers to a set of cognitive processes managed by the prefrontal cortex of
the brain that help individuals plan, organize, initiate, monitor, and regulate their behaviour.
These abilities are crucial for goal-directed activities, problem-solving, and adapting to
changing circumstances. It is likely that ADHD arises from maldevelopment in brain regions
such as the prefrontal cortex, basal ganglia, and anterior cingulate cortex, which regulate

executive functions necessary for human self-regulation (Norman et al., 2024b).

ADHD is commonly associated with deficits in attention, emotional regulation, and cognitive
flexibility, which are linked to habitual patterns within the brain's default mode network
(DMN) (Fateh et al., 2023). These habitual pathways often reinforce impulsive behaviours
and emotional dysregulation, posing challenges for individuals with ADHD in terms of self-
regulation and cognitive control (Marques et al., 2024). NICE guidelines highlight the
importance of a multimodal approach to ADHD treatment, combining pharmacological and
non-pharmacological strategies to comprehensively address these challenges. Among non-
pharmacological interventions, mindfulness meditation has emerged as a promising tool for
modulating DMN activity, reducing habitual self-referential thought patterns, and enhancing

cognitive and emotional regulation.

Neurological Conditions and Treatment
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In ADHD, irregular communication within attention networks and self-control areas disrupts
focus and impulse regulation (Castellanos et al., 2009). While stimulants effectively manage
core symptoms, NICE guidelines advocate for complementary behavioural strategies to
provide sustainable benefits. Meditation can reduce activity in brain regions linked to mind-
wandering, enhancing focus and emotional regulation (Cairncross & Miller, 2020).
Cognitive-behavioural therapy (CBT) reshapes thought patterns through a top-down
approach, engaging the prefrontal cortex to strengthen executive function pathways (Goldin
et al., 2012). By challenging negative thoughts, CBT fosters neuroplasticity, improving
emotional regulation over time (Beck, 2011; Tang et al., 2015a). Transcranial magnetic
stimulation (TMS), using magnetic fields to directly stimulate neural activity in areas like the
dorsolateral prefrontal cortex, provides immediate effects, enhancing connectivity and
modulating neurotransmitters (Lefaucheur et al., 2014). While CBT works gradually through
behavioural changes, TMS offers faster, targeted neural effects, with both leveraging the
brain's adaptability (Tang et al., 2015a). Together, they exemplify complementary methods

for influencing brain function.

Literature Review

Emerging research suggests that meditation (Cairncross & Miller, 2020; Keng et al., 2011;
Tang et al., 2015b), particularly mindfulness-based practices, can positively influence brain
structure and function, fostering neuroplasticity—the brain's ability to adapt and form new
neural connections (Holzel et al., 2011a; Wielgosz et al., 2018). Meditation has been shown
to alter the brain’s default mode network (DMN), which is associated with habitual and self-
referential thought patterns. The DMN, a network that includes areas such as the medial
prefrontal cortex, posterior cingulate cortex, and parts of the parietal lobe, is typically active

when the brain is at rest or engaged in self-referential and internally directed thoughts (Smith
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etal., 2018). In individuals with ADHD, these habitual patterns are linked to impulsivity,
distractibility, and difficulty with sustained attention (Sonuga-Barke & Castellanos, 2007). By
examining meditation’s potential to disrupt these patterns and improve cognitive flexibility,
this study could reveal a promising, non-pharmacological approach to managing ADHD

symptoms (Hoélzel et al., 2011b).

The existing research on meditation show that Meditation, particularly mindfulness-based

practices, has been shown to foster neuroplasticity, improve emotional regulation, and enhance
cognitive flexibility. These effects are primarily achieved through modulation of the brain's default
mode network (DMN), which governs self-referential and habitual thought patterns (Holzel et al.,
2011; Wielgosz et al., 2018). In general populations, mindfulness practices reduce DMN activity,
leading to improved focus, reduced impulsivity, and better emotional control (Tang et al., 2015;
Cairncross & Miller, 2020). Studies have also shown structural brain changes in regions like the
medial prefrontal cortex and posterior cingulate cortex, which are crucial for attention and self-

regulation (Holzel et al., 2011; Smith et al., 2018).

While existing research demonstrates meditation's impact on brain structure, the durability of
these changes requires further investigation, particularly in ADHD populations. There has
been a notable lack of long-term studies examining meditation's sustained effects on ADHD.
Most research has focused on shorter intervention periods (typically 8-12 weeks) with limited
or no follow-up data. One paper, (Mitchell et al., 2017) conducted a 6-month follow-up after
an 8-week mindfulness program, finding some maintenance of attention improvements, but

the sample size was small (n=24) and lacked a control group.

Another paper, (Zylowska et al., 2008) tracked participants for one year after mindfulness
training but suffered from high dropout rates (>40%) making conclusions about durability

difficult. The complex nature of ADHD as a neurodevelopmental disorder necessitates
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longer-term, controlled studies to determine the sustainability of meditation's benefits for
symptom management. Current research limitations largely stem from studies focused on
neurotypical populations rather than ADHD-specific samples. Given that ADHD brains
exhibit distinct neural connectivity patterns, findings from general population studies may not
directly translate, highlighting the need for targeted research with ADHD populations

(Norman et al., 2024b)

As mindfulness studies often lack adequate controls for placebo effects, there’s potential for
expectancy biases, where participants believe in benefits simply because they are engaging in
an intervention (Van Dam et al., 2018). This could lead to an overestimation of meditation’s
true impact on ADHD symptoms without robust controls (Lopes et al., 2024). Several studies
examining meditation's effects on ADHD have faced criticism for methodological limitations
in their control conditions. (Bueno et al., 2015) studied mindfulness for ADHD but used a
waitlist control group, which doesn't account for non-specific effects like participant
expectations and time spent in structured activity. (Nardi et al., 2020) compared meditation to
"treatment as usual" without matching for time, attention, or participant expectations. The
positive results couldn't separate meditation's specific effects from general benefits of regular
group meetings and instructor attention. A 2022 paper (Lee et al., 2022) reported significant
improvements in ADHD symptoms after meditation training, but their control group received
no intervention, making it impossible to determine if benefits came from meditation

specifically or from receiving any form of structured support.

Furthermore, ADHD is not a one-size-fits-all diagnosis—impulsivity, hyperactivity, and
inattention manifest differently in each individual (Chaulagain et al., 2023a). Research should
consider how different meditation practices might target specific symptom clusters rather

than suggesting universal efficacy. ADHD is often marked by difficulty maintaining focus
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rather than a reliance on habitual thought patterns (Knouse et al., 2019). While DMN
modulation could reduce some impulsive and self-referential thinking, a broader approach
addressing both attention enhancement and emotional regulation might be more effective.
Lastly, mindfulness practices require a degree of self-regulation, which can be challenging
for individuals with ADHD, especially without initial guidance or adaptation (Nicastro et al.,
2021). More research on how to make mindfulness more accessible for ADHD populations,

potentially through shorter or modified practices, could increase its applicability

Current ADHD treatments show limitations in addressing both cognitive and emotional
regulation challenges, creating an urgent need to explore complementary approaches given
the disorder's global prevalence (Faraone et al., 2021a). While meditation demonstrates
positive effects on brain plasticity and default mode network (DMN) function in general
populations, we lack understanding of its specific benefits for individuals with ADHD, who
exhibit atypical neural connectivity patterns. This study addresses this knowledge gap by
investigating meditation's potential as a non-pharmacological intervention for ADHD, while
considering crucial factors such as placebo effects, symptom heterogeneity, and the necessity

for ADHD-adapted mindfulness practices.

Study Objectives

This study examines the effects of mindfulness meditation on ADHD, addressing a critical
research gap. While mindfulness benefits various mental health conditions, its impact on
ADHD-specific neural activity and symptoms is underexplored. Using a pre-post
experimental design with fMRI and behavioural testing, the study evaluates the efficacy of
mindfulness meditation as an adjunctive treatment to ADHD medication. The research
focuses on changes in neural activity and cognitive performance to assess the potential of

mindfulness meditation to improve attention, emotional regulation, and impulse control in
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individuals with ADHD. The study hypothesizes that mindfulness meditation combined with
medication will provide superior short-term improvements in attention, emotional regulation,
and impulse control compared to medication alone. Furthermore, it predicts sustained
benefits in cognitive flexibility, stress resilience, and quality of life, highlighting mindfulness
as a promising intervention for long-term ADHD management. By identifying the unique
contributions of mindfulness meditation, this research aims to inform the development of
accessible and effective strategies for enhancing well-being and functional outcomes in

ADHD populations.

Research Question

1.Does mindfulness meditation, in combination with ADHD medication, effectively increases

connectivity in the DMN associated with ADHD?

2.Does the intervention lead to measurable improvements in cognitive flexibility, attention,

and emotional regulation?

3.What specific improvements in cognitive flexibility can be observed following each
intervention? Can these be quantified with objective measures, such as response inhibition

tasks, or brain imaging that highlights shifts in network connectivity?

Methods

fMRI

This study employs functional Magnetic Resonance Imaging (fMRI) to measure changes in
default mode network (DMN) activity. Pre- and post-intervention fMRI scans will track
neural changes in participants across three groups: mindfulness meditation, CBT, and

medication-only control, over an eight-week intervention period. The primary focus will be
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on DMN activity patterns, with an emphasis on detecting reductions indicative of improved
attentional control. Functional connectivity analyses will explore integration between the
DMN and attention-related regions, assessing whether mindfulness meditation or CBT
enhances network connections associated with attention and impulse regulation. Imaging data

will be processed using, with results compared across groups using Anova.

Participants will complete the Difficulties in Emotion Regulation Scale (DERS) to evaluate
changes in emotional regulation pre- and post-intervention. The DERS measures six
dimensions of emotional regulation, including non-acceptance of emotional responses,
impulse control difficulties, and emotional clarity. Changes in DERS scores over time will
indicate whether mindfulness meditation or CBT enhances participants’ capacity to manage

emotional responses.

Cognitive flexibility will be assessed using the Wisconsin Card Scoring Test (WCST), a task
designed to evaluate participants’ ability to adapt cognitive strategies in response to changing
task demands. Performance on the WCST will provide an objective measure of cognitive

adaptability.

The study integrates neuroimaging, behavioural tasks, and self-report tools to capture both
objective and subjective outcomes. While neuroimaging data quantifies changes in brain
activity and connectivity, self-report measures assess participants’ perceived improvements in
emotional and cognitive regulation. This multi-modal approach will provide a comprehensive
understanding of how mindfulness meditation and CBT, in combination with medication,

influence ADHD management.

Design
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This study employs a randomized controlled pre-post design with a 6-month follow-up,
comparing three groups (n=25 each): Medication+ Mindfulness Meditation (MM),
Medication+ CBT, and Medication-only control. Assessments will be conducted at three
timepoints: baseline (T0) one week before intervention, post-intervention (T1) within one

week of completion, and follow-up (T2) at 6 months after intervention completion.

At each timepoint, participants will undergo fMRI scanning during rest and attention tasks,
complete the DERS for emotional regulation assessment and the WCST for cognitive
flexibility evaluation. Clinical ADHD symptom assessments will also be conducted. All
assessments will be administered by trained researchers blind to group allocation, with fMRI
sessions following standardized protocols that include identical sequences of rest periods and
cognitive tasks at each timepoint. Self-report measures will be administered in a fixed order

with standardized instructions.

The 8-week intervention period commences immediately following baseline assessment. The
MM group will engage in daily guided meditation sessions lasting 20 minutes, five days per
week, while the CBT group will attend weekly 90-minute therapy sessions. Both intervention
groups will participate in weekly group support meetings. The control group will maintain

their regular medication schedule throughout the study period.

To ensure consistency and control for circadian effects, all data collection will occur at
consistent times of day across all timepoints. Participants will maintain their usual medication
dosage throughout the study duration, with any changes being carefully documented. This
structured approach allows for comprehensive evaluation of both immediate and long-term

effects of the interventions while controlling for potential confounding variables.

Participants
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The study will recruit 75 adults diagnosed with ADHD, aged 18—40, drawn from clinical
settings, ADHD support groups, and online forums. Participants will be carefully screened to
ensure they meet DSM-5 diagnostic criteria for ADHD and are currently on stable ADHD
medication regimens. The age range of 18—40 years focuses on adults with ADHD in early to
middle adulthood, minimizing variability and avoiding confounding factors like age-related
cognitive decline or comorbid conditions. This group is more likely to have stable medication
regimens and aligns with recruitment methods targeting support groups and online forums.
The range ensures a controlled sample relevant to the study's goals while addressing ADHD-
specific challenges in this demographic. Exclusion criteria will include any history of
consistent meditation practice, previous engagement with mindfulness-based interventions or
CBT, or current use of alternative therapies that could influence baseline neurocognitive

measurcs.

Participants will be randomly assigned to one of three groups:

ADHD medication + Mindfulness Meditation (MM) group

ADHD medication + Cognitive Behavioural Therapy (CBT) group

ADHD medication only (control group)

To minimize bias, all groups will be informed that the study aims to observe the effects of
different adjunctive therapies on cognitive and emotional function in ADHD when combined
with medication. The control group will be told they are part of a "treatment as usual"

condition to assess the long-term effects of their current medication regimen.

Intervention
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The intervention for this study will involve two eight-week programs: a mindfulness
meditation program and a Cognitive Behavioural Therapy (CBT) program, both specifically
designed to target attention control, emotional regulation, and cognitive flexibility in
individuals with ADHD. All participants will continue their prescribed ADHD medication

throughout the study.

ADHD medication + Mindfulness Meditation (MM) group:

Participants will engage in 20-minute guided meditation sessions five days a week, focusing
on breath awareness, attention control, and non-judgmental observation of thoughts. They
will use breathing as an anchor to practice sustained focus, gently redirecting attention when
their minds wander. Non-judgmental observation will encourage noticing thoughts and

reactions without attachment, aiming to reduce reactivity and improve emotional regulation.

ADHD medication + Cognitive Behavioural Therapy (CBT) group:

Participants will attend weekly 90-minute individual CBT sessions with trained therapists.
These sessions will focus on identifying and challenging negative thought patterns,
developing coping strategies, and improving time management and organizational skills.
Participants will be given daily homework assignments to practice CBT techniques learned

during the sessions.

Both groups will have weekly group meetings to support consistency and adherence, provide
additional guidance, and encourage participants. These group sessions will address common
challenges that individuals with ADHD might face during their respective interventions, such
as difficulty managing distractions or maintaining motivation to practice. The group sessions
will also provide a platform for participants to share experiences, reinforcing their

commitment to the routine.
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Additionally, participants in both groups will receive supplemental materials, including audio
guides and written resources, to reinforce the techniques learned and support independent

practice.

ADHD medication only (control) group:

This group will continue with their regular medication routines without engaging in any
structured mindfulness or CBT activities, serving as a baseline against which to measure the

effects of the MM and CBT programs.

Through this structured approach, the interventions aim to foster skills in cognitive flexibility,
emotional regulation, and attention control, with the ultimate goal of assessing the impact of
mindfulness meditation and CBT on ADHD symptoms beyond pharmacological treatment
alone. The study will compare the efficacy of these two approaches in combination with
ADHD medication to determine which intervention provides more significant improvements

in ADHD symptom management and overall well-being.

Ethical considerations

Ethical considerations are essential in studying meditation's impact on neural firing patterns
and cognitive flexibility in individuals with ADHD. Ensuring participant safety, well-being,
and informed consent is paramount when working with a clinical population. Informed
consent requires participants to be fully informed about the study’s purpose, procedures,
risks, and benefit (UK Policy Framework for Health and Social Care Research - Health
Research Authority, n.d.) Information must be presented in clear, accessible language,
accounting for ADHD-related attentional challenges. Participants must understand their

involvement is voluntary and can be withdrawn at any time without penalty, as outlined in the



K23104151 14

British Psychological Society (BPS) Code of Human Research Ethics (2021). This respect for

autonomy fosters trust and ensures informed participation.

Minimizing psychological and physical risks is equally important. Meditation may evoke
challenging emotions or thoughts, particularly during self-awareness practices. Participants
should be informed of this possibility, with mental health resources readily available. For
fMRI scans, screening for contraindications like claustrophobia or metal implants is
necessary, along with providing clear instructions and emotional support to reduce anxiety.
Accommodations for ADHD-specific symptoms, such as attention difficulties and
restlessness, should include flexible scheduling, breaks, and straightforward instructions.
Researchers should monitor adverse reactions and adjust protocols or provide additional

guidance as needed.

Ethical considerations also extend to the use of a control group. Control participants may not
receive active intervention, which could affect expectations. Researchers must clearly explain
the rationale for group assignments and offer control participants the option to join the
meditation program after the study, ensuring equitable access to potential benefits.
Transparency about the study’s exploratory nature is critical, managing participant
expectations by clarifying that meditation may not lead to significant improvements in

ADHD symptoms.

Post-study debriefing and support are vital to ethical research. Participants should have the
opportunity to discuss their experiences, receive further resources for independent meditation
practice, and be informed of the study findings, particularly if positive effects on ADHD
symptoms are observed. This transparency fosters respect and supports participants’ interest

in the research's implications for ADHD management.
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Analysis & Reporting

This study's analysis will use a multi-faceted approach, including neuroimaging, behavioural
testing, and self-report measures, to evaluate the effects of mindfulness meditation on ADHD
symptoms. Overactivity in the DMN is associated with increased mind-wandering and
distractibility in ADHD (Posner et al., 2014). By examining DMN connectivity with
cognitive control regions, the study seeks to identify neural changes linked to reduced DMN
activity and improved attentional stability. Functional and structural connectivity analyses
will further explore shifts in brain network dynamics, potentially revealing strengthened
connections between the DMN and attention networks, indicating enhanced focus and

cognitive control.

The findings are anticipated to align with the forest plot below, extracted from a 2022 meta-analysis
conducted by Angela Fabio et al (Angela Fabio et al., 2022). This analysis, which synthesized data
from seven studies, revealed a combined effect size (g) of 0.77 for mindfulness-based interventions
targeting ADHD symptoms (95% CI: 0.22—1.33, Z =2.72, p = 0.006). These results indicate that
mindfulness-based interventions have a statistically significant impact on reducing ADHD symptoms
and suggests a robust impact, demonstrating that mindfulness-based interventions can effectively

reduce ADHD symptoms.

Study name Ouicoms Statistics for each study Hedges's g and #5% CI
Hedges's Standard Lower Upper
] error  Variance Nmit  limit Z-Value p-Value
Jensen 2004 Combined 0.304 0514 0.264 -0.7T04 1311 0591 0554 } o Active control

Mutatari 2021 SYMPTOM1 0,939 0294 0086 0363 1515 3196 0001
Santonastaso 202Tombined 0.963 a1 0477 0439 1787 2289 Q22
Abdotahzadeh 201 5YMPTOM1 3.142 0578 0334 2000 4375 5436 0000 Passive control
Lo 2020 Combined 0,165 0199  0.040 -0.224 0555 0832 0405 Passive control

L
Siabalink 2021 Combined 0.028 0200 0.040 -0.363 0419 0142 0887 Passiva control
Valero 2022 Combined 0,660 0387 04134 0059 1379 1800 0072 Passive control
0.770 0283 0080 0216 1335 2723 0006

Fawours A Favours B

Passive control
Active control

Figure 2. Forest plots of effect size for ADHD symptoms [28,31-33,36,38,39].
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Behavioural data from cognitive tests will be analysed using repeated measures Analysis of
Variance (ANOVA) to compare performance on cognitive flexibility and attention control
tasks before and after the intervention in both meditation and control groups. The Wisconsin
Card Sorting Test (WCST) will assess cognitive flexibility (Luiselli et al., 2013). Repeated
measures ANOVA will identify significant improvements in the meditation group’s cognitive
abilities compared to the control group, providing evidence of mindfulness practice’s effects

on ADHD-related cognitive functions.

As can be seen from the figure below from a similar study, (Basso et al., 2019) the
meditation group demonstrated an increase in accuracy from 97.23% (£ 0.76) to 98.55% (£
0.36), showing a near-significant improvement (t(20) = -2.024, p = 0.057). In contrast, the
control group showed a slight decrease in accuracy from 98.08% (+ 0.48) to 97.41% (% 0.65),
which was not statistically significant (t(19) = 1.218, p = 0.238). The results from Basso et al.
(2019) show that the meditation group’s accuracy improved slightly, increasing from 97.23%
to 98.55%. This change was close to being statistically significant. In comparison, the control
group’s accuracy decreased slightly, from 98.08% to 97.41%, but this change was not

significant, suggesting it could have been due to random variation.
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Fig. 3. Data are presented as averages ( = SEM) for the meditation and control

groups both before and after the intervention. Eight weeks of meditation sig-

nificantly enhanced attention as assessed by accuracy (percent correct) on

congruent trials of the Stroop Color and Word Task (* represents a significant

time x group interaction, F(1,39) = 5.449, p = 0.025, partial 112 = 0.123).
To examine the relationship between neural and behavioural changes, Pearson’s correlation
analysis will explore associations between neuroimaging findings and behavioural outcomes
(Penny et al., 2007). This will determine whether reductions in DMN activity or enhanced
connectivity with cognitive control regions correlate with improvements in cognitive
flexibility, attention, or emotional regulation, as assessed by behavioural tests and self-report

measures. Correlations will help establish whether neuroplasticity—evidenced by changes in

brain connectivity—translates into practical benefits for individuals with ADHD.

The below table from a paper published in 2022 (Bremer et al., 2022), demonstrate that one
month of mindfulness meditation practice leads to the functional reorganization of large-scale
brain networks. The table demonstrates that one month of mindfulness meditation leads to
significant reorganisation of large-scale brain networks, including the default mode network
(DMN), dorsal salience network, and insular salience network. Notable changes were

observed in regions such as the middle temporal gyrus, superior frontal gyrus, and posterior
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cingulate cortex, with highly significant p-values and strong peak activations. These findings
suggest that mindfulness fosters neuroplasticity, improving functional connectivity in

networks responsible for attention, emotional regulation, and self-referential thinking.

Peak MNI-

Seod region | Cluster region Pre  Puacenios Ko | mewe | X y =
swpDMN R Middle semmporal gyrus Qe <0001 104 | S8 ‘e 12 16

L Superioe frontal gyrus o0y <0001 72 545 0 I8 o)

L Posenor cingalate coctex 0045 0001 53 443 10 » @«
dSN

Inferwor lempoead gyrus 0N <0001 s 4 2 w0 b))

L Inferwr panctad bobede 00le <0001 LR 413 46 » B

L Maddle frortal gyrus 0243 00 o 490 82 4 s
waSN

L Poserice cmgadate coctex 0198 Q003 40 w22 2 L) 0

Table 3. ANOVA results and peak activations of clusters with assocated anatomic regions. k, Number
of voxels in cluster, 7, Maximum value of T-statistic in cluster, spDMN superior postenior default

.

mode network, dSN dorsal salience network, 12sSN insular salience network, R Right hemispheric, L Left
hemaspheric.

Self-report measures, including the DERS, will capture participants’ perceived changes in
emotional regulation and mindfulness. These self-reported changes will be compared with
neuroimaging and behavioural data to provide a more comprehensive understanding of
meditation’s impact on ADHD outcomes. This multi-dimensional analysis, integrating
neuroimaging, behavioural assessments, and self-report data, aims to comprehensively
evaluate mindfulness meditation’s effects on neural firing patterns and cognitive functions in
ADHD. The findings may reveal the potential of mindfulness as a complementary
intervention to improve cognitive control, emotional regulation, and attention capacity in

individuals with ADHD, highlighting both its neurological and practical benefits.

It is important to recognise, however, that self-reporting may lead participants to attribute
unrelated factors to the perceived efficacy of the treatment, which should be considered when

interpreting the results.

The figure below illustrates the anticipated data distribution, which deviates from normality,

as 1s often observed in research involving ADHD populations or meditation interventions.
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This non-normal distribution highlights a critical consideration for statistical analysis, the
application of methods, such as Analysis of Variance (ANOVA), which inherently assume
normality of the data. ANOVA is a statistical method designed to evaluate differences
between group means, operating under the assumption that the underlying data follows a
normal distribution. When this assumption is violated, as is often the case with non-normal
distributions, the validity of the test results may be compromised. It is therefore important to
acknowledge the limitations of this method and interpret the findings with caution,

recognizing that alternative approaches may better suit non-normal data.

ADHD Symptom Improvement After Meditation

n = 133 participants

274
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Figure 1: Right-skewed distribution showing varied individual responses to meditation intervention

Although the General Linear Model (GLM) offers advantages for handling non-normal
distributions and missing data, this study will use Analysis of Variance (ANOVA) to align
with previous research and enable direct comparisons with similar studies on meditation and

ADHD. While ANOVA assumes normality and complete datasets, its use ensures
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consistency. Limitations will be addressed with caution, and additional validation methods

will be applied to ensure robust conclusions.

Discussion

This research explores mindfulness meditation and CBT as complementary treatments to
ADHD medication, addressing a critical gap in understanding their combined effects. While
medication remains the primary treatment, the potential synergistic benefits of these
interventions with medication are understudied. The decision to exclude a meditation-only
control group reflects ethical considerations about withholding standard care. Through a
multi-modal approach combining neuroimaging, behavioural testing, and self-reporting, this
study will evaluate how meditation and CBT may enhance medication-based ADHD

treatment.

Interpretation of Neuroimaging Results

The study hypothesizes that mindfulness meditation, combined with ADHD medication, will
disrupt patterns in the default mode network (DMN) associated with ADHD. Mindfulness is
expected to reduce DMN overactivity during rest, decreasing self-referential thinking and
mind-wandering—key contributors to ADHD symptoms. This reduction likely stems from
enhanced present-moment awareness and attentional focus. Additionally, mindfulness
meditation may strengthen connectivity between the DMN and cognitive control networks,
supporting better attentional regulation. Neuroimaging will assess whether these changes
reflect a shift from maladaptive DMN activity to task-oriented focus. Compared to the
medication-only group, the mindfulness group is anticipated to show greater reductions in
DMN activity and stronger DMN-cognitive control connectivity, highlighting the combined

benefits of mindfulness and medication.
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Behavioural Outcomes in Cognitive Flexibility

Cognitive performance will be evaluated using the Wisconsin Card Sorting Test (WCST) for
cognitive flexibility. These assessments will be administered pre- and post-intervention
across all groups (medication + mindfulness, medication + CBT, and medication-only
control). Based on the interventions' distinct mechanisms, we anticipate different patterns of
improvement. The mindfulness group may show stronger gains in sustained attention and
response inhibition through enhanced present-moment awareness. The CBT group might
excel in cognitive flexibility due to improved problem-solving and cognitive restructuring
skills. While both intervention groups are expected to outperform the medication-only
control, their pathways to improvement may differ. These behavioural measures will
complement neuroimaging data, demonstrating how mindfulness and CBT enhance cognitive
adaptability beyond medication alone. The comparative analysis will reveal which cognitive
domains respond best to each intervention, enabling more targeted treatment

recommendations based on individual cognitive profiles.

Emotional Regulation and Mindfulness

Mindfulness meditation, combined with ADHD medication, is expected to improve cognitive
flexibility, attention, and emotional regulation. Cognitive flexibility will be assessed with the
Wisconsin Card Sorting Test (WCST), while self-report measures like the Difficulties in
Emotion Regulation Scale (DERS) will evaluate emotional regulation and attentional focus.
Mindfulness is hypothesized to enhance sustained attention and impulse control by fostering
present-moment awareness and reducing reactive behaviours. These improvements are
expected to exceed those in the medication-only control group, highlighting mindfulness’s

added benefits for ADHD management.
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Correlations Between Neural and Behavioural Changes

If Pearson’s correlation analysis reveals significant associations between reductions in DMN
activity, increased connectivity in cognitive control regions, and improvements in cognitive
and emotional regulation, it would suggest that neural changes are directly linked to
observable improvements in ADHD symptoms. Such correlations would support the idea that
neuroplasticity induced by meditation has functional significance for behaviour, reinforcing

the potential of mindfulness meditation as a tool for managing ADHD.

Limitations

Several key limitations should be considered when interpreting this study's results. Self-
report measures, while valuable for understanding subjective experiences, may be influenced
by participant bias and social desirability (Kim & Kim, 2016). The eight-week intervention
period may also be insufficient to observe substantial neural changes, as deeper structural
adaptations typically require longer periods of practice. Furthermore, ADHD's heterogeneous
presentation necessitates more targeted intervention approaches, and mindfulness practices
may prove challenging for individuals with ADHD without proper adaptation (Chaulagain et

al., 2023b; Mitchell et al., 2015).

The study addresses critical gaps in understanding meditation's neural effects on ADHD,
particularly focusing on DMN-prefrontal cortex connectivity and its relationship to cognitive
control. While this multi-modal approach combining neuroimaging, behavioural assessments,
and self-reports provides comprehensive insights, future research directions should be
considered. Studies implementing longer follow-up periods would better capture sustained

effects, while exploration of varied mindfulness approaches could better address different
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ADHD symptom clusters. Additionally, developing ADHD-specific meditation adaptations

would make these interventions more accessible and effective (Fitzpatrick et al., 2018).

Research should also expand beyond the current focus to address both attention enhancement
and emotional regulation, considering individual differences in ADHD presentation when
designing interventions (Faraone et al., 2021b). This foundation will help develop more
accessible, personalized ADHD management strategies that effectively complement existing
treatments. The ultimate goal is to better understand how mindfulness practices affect brain
function while exploring interventions that can improve daily functioning among adults
diagnosed with ADHD, offering new avenues for effective management strategies tailored

specifically towards enhancing quality of life among those affected by this condition

Conclusion

This research will aim to propose that combining medication with mindfulness meditation
may enhance ADHD treatment outcomes by improving cognitive flexibility and emotional
regulation. Neural changes in DMN activity and connectivity with cognitive control regions
will indicate intervention-induced neuroplasticity linked to better cognitive and emotional
functioning. Mindfulness meditation will show promise as a non-pharmacological adjunct to
medication, offering a holistic approach to managing ADHD by addressing both neural and
behavioural aspects. Notably, the study will identify a pronounced impact of mindfulness
meditation on reducing DMN activity during rest and improving present-moment awareness.
This will suggest that meditation may be particularly effective in helping individuals with

ADHD disengage from self-referential thoughts and maintain focus on current tasks.

Both the mindfulness group and the medication-only control group will demonstrate
improvements in emotional regulation, as measured by the Difficulties in Emotion Regulation

Scale (DERS). However, the mindfulness group will likely show more pronounced
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improvements, highlighting the potential added value of integrating mindfulness into ADHD
management. The medication-only control group will show some improvements due to
continued pharmacological treatment, but these changes will likely be less pronounced than
in the mindfulness group. This will underscore the potential value of combining medication
with non-pharmacological interventions for more comprehensive ADHD management. NICE
guidelines [NG87] will reinforce the importance of multimodal approaches to ADHD
treatment, recommending the integration of behavioural therapies alongside medication to
achieve optimal outcomes. Furthermore, NICE’s emphasis on individualised care will support
the exploration of tailored non-pharmacological interventions, such as mindfulness, to

address the diverse symptom profiles and needs of individuals with ADHD.

Future research should continue to explore the long-term effects of mindfulness meditation
on ADHD, potentially expanding this approach to a broader range of age groups and ADHD
subtypes to confirm its applicability and effectiveness across diverse populations.
Additionally, investigating ways to optimise mindfulness practices specifically for ADHD

populations could enhance their accessibility and impact.

If further validated, mindfulness meditation could become an integral part of ADHD
treatment protocols, offering clinicians and patients a valuable option to complement
medication. This would allow for more personalised treatment approaches, helping
individuals develop greater self-regulation, emotional resilience, and adaptability based on
their specific needs and preferences. In conclusion, this study will highlight the potential of
integrating non-pharmacological interventions with standard medication treatment for
ADHD. By demonstrating the neural and behavioural benefits of mindfulness meditation, it
will pave the way for more comprehensive, multi-modal approaches to ADHD management
that address the complex nature of the disorder and improve overall quality of life for those

affected.
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