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ABSTRACT

Introduction Attention deficit hyperactivity disorder
(ADHD) is a common neurodevelopmental disorder
among children and adolescents. The disorder negatively
influences their academic performance and social
relations, and their quality of life (QoL) is lower than

that of peers without ADHD. The majority of children

and adolescents with ADHD are treated with medication
that potentially has an insufficient effect or frequently
occurring adverse events. Physical activity is thought

to alter the physiology of ADHD by affecting the same
catecholaminergic system in the brain which is targeted by
medication.

Methods and analysis This protocol is written in
accordance with the ‘Preferred Reporting ltems for
Systematic Review and Meta-Analysis Protocols’ guideline.
Randomised clinical trials with participating children and
adolescents between the ages of 3 and 18 years with a
primary diagnosis of ADHD or hyperkinetic disorder will
be included in the systematic review. The main objective
of the review is to examine the effect of physical activity
on QoL, executive functions, symptoms and functional
impairment in this population. Previous systematic
reviews on the effect of physical activity in children and
adolescents with ADHD have several methodological

and conceptual limitations. These reviews, for example,
included both randomised and non-randomised clinical
trials or had restrictions regarding the frequency and
intensity of the physical activity interventions they
included. The present review will include the newest
studies in the field and follow the main principles outlined
in the ‘Cochrane Handbook for Systematic Reviews of
Interventions’. Furthermore, it will be the first review in
the field to include QoL as an outcome and to apply trial
sequential analysis as part of the meta-analysis.

Ethics and dissemination As the systematic review is a
secondary analysis of data from primary trials, approval
from an ethics committee is not required. The results of
the review will be published in a peer-reviewed scientific
journal and presented at relevant conferences.

Trial registration number This protocol was

registered with the International Prospective Register

of Systematic Reviews (PROSPERO) on 16 August 2024
(CRD42024576670).

,! Ole Jakob Storebo

;2% Merete Bender Bjerrum,**®

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Inclusion of the newest studies in the field from a
broad range of sources.

= Inclusion of all types of physical activity interven-
tions and quality of life as an outcome.

= Inclusion of randomised clinical trials only.

= Systematic assessments of the risk of bias in the
included studies and of the certainty of the evidence
in the review.

= No formal user involvement.

INTRODUCTION
Description of the condition
Attention deficit hyperactivity disorder

(ADHD) is a common neurodevelopmental
disorder among children and adolescents,
with a worldwide prevalence of about 5%.'
Males are more often diagnosed than females,
but the gender distribution varies across
geographical locations, with a gender ratio
ranging from 2:1 to 10:1.* The diagnosis is
part of the Diagnostic and Statistical Manual
of Mental Disorders (DSM) and Interna-
tional Statistical Classification of Diseases and
Related Health Problems (ICD) 11 criteria,®>™
while the corresponding symptom complex
is within the group of hyperkinetic disorders
in previous versions of the ICD criteria.” "’
In this protocol, the disorder is consistently
referred to as ADHD. The DSM and ICD
criteria have in common that the core symp-
toms of impulsivity, hyperactivity and inatten-
tion should be pervasive, but also inconsistent
with the developmental level of the person
affected.” 8 1° Furthermore, a deficit in exec-
utive functions, defined as, for example, the
ability to organise, plan and control goal-
directed behaviour, also appears to be an
important component of the disorder."' The
leading hypothesis on the pathophysiology of
ADHD is that it involves a dysfunction of the
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catecholamine response in the prefrontal cortex, which is
the part of the brain associated with executive functions.'?

These characteristics of the disorder negatively influ-
ence the academic performance and social relations of
children and adolescents with ADHD,"** and their quality
of life (QoL) is lower than that of peers without ADHD."
Moreover, this disorder is, in many cases, comorbid with
other conditions like autism spectrum disorder, anxiety,
learning disabilities, conduct disorders, tics disorder or
epilepsy, which complicates the treatment and care of
the persons affected.'® The exact aetiology of ADHD
is unknown and controversial but is considered to be a
complex interplay between environmental, psychosocial
and genetic components.'” '® Environmental factors
correlated with the risk of developing ADHD include
exposure to toxicants, nutrition deficiencies, events
during pregnancy and birth, deprivation, stress, infec-
tion, poverty and trauma.'® Most individuals with ADHD
get diagnosed at school age, and in about 70% of cases,
the symptoms persist into adolescent and adult life."

The medication most often prescribed to treat ADHD
is methylphenidate which increases the availability of
the catecholamines dopamine and norepinephrine in
the prefrontal cortex.”’ Methylphenidate may have an
effect on the symptoms of ADHD but may not have any
effect on the QoL of children and adolescents with the
disorder.” *' Furthermore, methylphenidate may have
adverse events like sleeping problems, headaches, stom-
achaches and reduced appetite, which often lead to with-
drawal of treatment.”

Description of the intervention

Physical activity has, compared with other non-
pharmacological interventions such as behavioural
therapy, neurofeedback and cognitive training, been
shown to have the largest effect on cognitive difficulties
in children, adolescents and adults with ADHD.* Physical
activity is defined as ‘any bodily movement produced by
skeletal muscles that results in energy expenditure’ with
exercise being a subset of this.** This type of intervention
is thought to alter the physiology of ADHD by increasing
the levels of mainly dopamine and norepinephrine in the
brain and thus affect the same catecholaminergic system
which is targeted by medication.'”” Furthermore, longer
term programmes of physical activity affect the resting
systemic rates of catecholamine secretion, not only the
acute catecholamine response.'**

The importance of the review

Physical activity is a broad concept with many possible
variations regarding intensity, frequency and duration,
and its effects may vary across age and gender.'” To
improve the implementation of physical activity as an
intervention in the treatment of ADHD, precise estimates
of the effect on different outcomes are important, and so
is knowledge of which compositions are the most effec-
tive. This is relevant on many levels, for example, for
children with ADHD and their parents when choosing

treatment strategy, for healthcare professionals recom-
mending treatment options, for policymakers incorpo-
rating physical activity as part of treatment guidelines and
for researchers constructing physical activity interven-
tions for trials.

Several systematic reviews have been conducted on the
effect of physical activity on children and adolescents with
ADHD.?** These reviews, however, have several meth-
odological and conceptual limitations. Neudecker et al
searched for studies in four databases,?” Ng et al searched
in two databases,28 Xie et al searched in four databases,?’1
Sun et al searched in four English and four Chinese data-
bases® and Montalva-Valenzuela et al searched in four
databases.® Welsch et al and Seiffer et al had certain
restrictions regarding the frequency of the physical
activity interventions they included,” ** and Seiffer et al
had restrictions regarding the intensity.”

Neudecker et al,”” Ng et al,*® Jeyanthi et al,* Welsch
et af® and Montalva-Valenzuela et af* included both
randomised and non-randomised clinical trials in their
reviews. Liang et al,?’o Xie et al,31 Welsch et al’? and Zhu
et al® combined results from randomised clinical trials
(RCTs) and non-randomised clinical trials in their meta-
analyses. Neudecker et al,’’ Ng et al® and Xie et aP' did
not make a systematic assessment of the risk of bias in
the studies they included. Zhu et af’® were the only ones
who made a systematic assessment of the certainty of the
evidence in their review, but it was not possible to identify
this assessment or the assessment of the risk of bias, nor
did they address any of these in their conclusion. Finally,
neither of the studies included QoL as an outcome. The
reviews were published between 1 and 9 years ago™™,
with the latest search being conducted in October 2022.%

Besides including the newest studies in the field, the
present review will include studies from a broad range
of sources, include all types of physical activity interven-
tions, include QoL as an outcome, include only RCTs and
conduct systematic assessments of the risk of bias in the
included studies, and of the certainty of the evidence in
the review.

Objectives

The main objective of this systematic review is to examine

the effect of physical activity on children and adolescents

with ADHD. It aims to answer the following questions:

1. What is the effect of physical activity on QoL, execu-
tive functions, symptoms and functional impairment
in children and adolescents with ADHD?

2. Which types of intensity, frequency, duration and deliv-
ery of physical activity are the most effective?

3. Do the effects vary by age, gender and ADHD medica-
tion status?

4. What are the adverse events of physical activity on chil-
dren and adolescents with ADHD?
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METHODS

The systematic review will be conducted following the
main principles outlined in the ‘Cochrane Handbook
for Systematic Reviews of Interventions’.”” This protocol
is written in accordance with the ‘Preferred Reporting
Items for Systematic Review and Meta-Analysis Proto-
cols’ guideline.”™ The work on the protocol started on 1
May 2024, and the systematic review is scheduled to be
completed on 1 February 2025.

Patient and public involvement
Neither patients nor the public were involved in devel-
oping this protocol.

Eligibility criteria

Participants

Children and adolescents between the ages of 3 and 18
years with a primary diagnosis of ADHD or hyperkinetic
disorder, with or without psychiatric comorbidities. The
diagnosis should be made by a healthcare professional
according to the DSM-IIL* DSM-III-R,”> DSM-IV, DSM-
IV-TR,” DSM-5,° DSM-5-TR,” ICD-9,” ICD-10"" or ICD-11.*
Studies will be included in which 75% of the participants
are between 3 and 18 years of age and the mean age of the
study population is within this range. Studies including
participants with severe physical illness or an IQ below 70
will be excluded.

Interventions

Studies will be included in which the participants in the
intervention group received any type of physical activity
intervention as previously defined. It may be deliv-
ered in any setting and be of any mode of delivery, and
there are no upper or lower limits on the duration of
the intervention. Studies of physical activity as a part of
an intervention, for example, in combination with diet
restrictions and/or health-promoting conversations, will
be excluded if the effect of the physical activity cannot be
discerned from the available data. Furthermore, studies
that examine the total effect of physical activity in combi-
nation with medical treatment will also be excluded. The
exceptions are studies that use physical activity as an addi-
tional treatment, and in which the main intervention is
evenly distributed between the two groups.

Comparisons

Studies will be included in which physical activity is
compared with no intervention, treatment as usual,
another non-pharmacological intervention or medical
treatment in children and/or adolescents with ADHD. As
the aim of the review is to evaluate the effect of physical
activity as well as to compare the effect of different phys-
ical activity interventions, studies will also be included
that compare the intervention with a different variation
of physical activity.

Outcomes
Data on QoL, executive functions, symptoms, func-
tional impairment and adverse events will be extracted

preintervention, postintervention and at the longest avail-
able follow-up. As the concepts of QoL and health-related
quality of life (HRQoL.) are often used interchangeably,*
data on HRQoL will also be extracted. The outcomes
can be self-reported by the children or adolescents them-
selves or by proxy (eg, parent, caregiver, clinician and/
or teacher).

Types of studies

RCTs, including cluster-randomised trials. Only reports in
English, German, Danish, Swedish and Norwegian will be
included, but a list of possible relevant studies in other
languages will be provided along with a list of relevant
ongoing studies.

Information sources
A research librarian with experience in the search for
healthcare literature for systematic reviews was consulted
with regard to the choice of databases, terms and search
strategy. The literature search will be conducted by M-L]
in the following electronic bibliographic databases and
trial registers:
» Cochrane Central Register of Controlled Trials;

Cochrane Library (latest issue).

MEDLINE; Ovid (1946 to current).

Embase; Ovid (1974 to current).

PsycINFO; Ovid (1806 to current).

CINAHL; EBSCOhost (1937 to current).

Education Resources Information Center; EBSCO-

host (1966 to current).

Web of Science; Clarivate (1900 to current).

ClinicalTrials.gov.

WHO International Clinical Trials Registry Platform.

ProQuest Dissertations & Theses Citation Index (1637

to current).

medRxiv.

PsyArXiv.

bioRxiv.
A citation search and search for related articles will
be conducted as relevant studies are identified, and the
reference lists of these studies and previous reviews will
be checked.

VVvyyVYyyvVyYy

vVvyyvyy

vYvyy

Search strategy

The search terms are based on the results from the
preliminary searches, as well as a search for spelling vari-
ants, synonyms and acronyms. Both controlled vocabu-
lary specific for each database and free-text terms will be
included in the search. The terms are related to the study
population, the condition, the intervention, and the study
type. To avoid overlooking important data on studies
reported in several reports, these will not be excluded
based on outcomes. Because of this, search terms related
to outcomes are not included in the search. The search
filters developed by Cochrane for identifying randomised
trials in MEDLINE and Embase will be applied respec-
tively."! The search strategy for MEDLINE is attached as
online supplemental appendix 1. This strategy will be
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adapted to the remaining databases to account for vari-
ations in the controlled vocabulary, proximity operators,
truncation, etc. The search will be conducted with no
restrictions on publication year, type or status.

Study records

Selection process

The citations identified through the systematic search will
be exported to the review software Covidence,” where
duplicates will be removed. According to the ‘Cochrane
Handbook for Systematic Reviews of Interventions’, it is
not mandatory that titles and abstracts of identified cita-
tions are screened by more than one person.37 However,
to strengthen the validity of the review, the inter-rater
reliability between M-L] and MV will be tested. 10% of
the titles and abstracts will be screened independently
by the two, and a kappa coefficient will be calculated.
If it exceeds 0.95, the remaining part of the titles and
abstracts will be screened by M-L] in order to remove
reports that are obviously not relevant. The full-text
reports will be searched in the latest version of the cita-
tion to account for any corrections or retractions. These
will be screened independently by M-L] and MV who will
decide which studies to include based on the eligibility
criteria. Any lack of agreement between the two parties
will be resolved through discussion and if a consensus
is not reached, through arbitration by O]S. Multiple
records of the same study will be identified and linked
by comparing trial registration numbers, author names,
locations, interventions, sample sizes and outcomes. A
list of excluded studies will be provided along with the
reasons for exclusion, and the selection process will be
depicted in a flow diagram.*

Data collection process

A standardised data extraction form will be created in
Covidence™ by M-L], piloted by M-LJ and MV in two of
the included studies, and revised if necessary. Data will
be extracted independently by M-L] and MV. Any lack
of agreement between the two parties will be resolved
through discussion and if a consensus is not reached,
through arbitration by O]JS. Data from multiple reports
of the same study will be extracted directly into a single
data form.

Data items

Data will be extracted in the following categories:

» Administration: first author, publication vyear,
geographical location, funding source, potential
conflicts of interest.

» Study methods: design, statistical analysis.

» Participants: setting, sample size, diagnostic criteria,
mean age, gender distribution, medication status.

» Intervention: components, frequency, duration,
delivery, staff qualifications, equipment, definition of
control.

» Outcomes: name of scale, self- or proxy-report, timing
of measurement.

» Results: data for each group/subgroup for each
outcome, between-group estimates, key conclusions.

The most detailed numerical data will be extracted,
preferably in the form of 2x2 tables or means and SD, but
otherwise effect estimates, Cls, p values, etc. Due to the
possible long term effect of PA'** and the consequent
risk of carry-over effects, only first-period data from cross-
over trials will be used.

Outcomes and prioritisation

There is no relevant core outcome set for individuals
with ADHD available from either the Core Outcome
Measures in Effectiveness Trials Initiative** or the Inter-
national Consortium for Health Outcomes Measure-
ment.” Researchers reviewing outcomes for this group
underline the importance of moving beyond symptoms
in the evaluation of the effects of treatment options,
for example, examining QoL, executive functions and
functional impairment.46 In this review, QoL, executive
functions, symptoms and functional impairment should
be measured with validated instruments, whereas both
systematic and spontaneous reports of adverse events will
be included.

Primary outcomes
1. QoL can be considered the most important goal of
care,47 because of the chronic nature of the disorder.*
Examples of scales include, but are not limited to:
- The Child Health and Illness Profile (CHIP-CE,
CHIP-AE)* **; The Child Health Questionnaire’';
The Pediatric Quality of Life Inventory 4.0°% Kid-
screen-27.%3
2. Executive functions are a composite concept with no
unambiguous definition. All outcomes considered
representative of executive functions by the review au-
thors, for example, reaction time or inhibitory control,
will be extracted. Examples of scales include, but are
not limited to:
- Stroop Task54; Stop-Signal Test54; The Behavior Rat-
ing Inventory of Executive Function55; The Brown
Attention-Deficit Disorder Scales.”®

Secondary outcomes
1. ADHD symptoms. Examples of scales include, but are
not limited to:

- ADHD Rating Scale’”; Connors’ Rating Scales - re-
vised58; The Swanson, Nolan, and Pelham Teacher
and Parent Rating Scale®’; The Strengths and Weak-
nesses of ADHD Symptoms and Normal Behavior.”

2. Functional impairment. Examples of scales include,
but are not limited to:

~ The Columbia Impairment Scale®'; The Academ-
ic Performance Rating Scale®; The Social Skills
Improvement System®; The Impairment Rating
Scale®; The Weiss Functional Impairment Scale.”

3. Adverse events are defined as unfavourable outcomes
caused by the physical activity intervention. As stom-
achaches and reduced appetite are suspected to be
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adverse events of ADHD medication, an unintended
weight loss could be a potential adverse event of phys-
ical activity.

Risk of bias in individual studies

The risk of bias in the studies will be assessed using the
‘Cochrane Risk of Bias Tool for Randomized Controlled
Trials version 2° (RoB2).” The RoB2 consists of five
domains that uncover systematic errors due to (1)
the randomisation process; (2) deviations from the
intended interventions; (3) missing outcome data; (4)
measurement of the outcome; and (5) selection of the
reported outcome.” Data will be extracted from the
included studies to facilitate this assessment, and for
each outcome, the domains will be given an independent
judgement of ‘high risk of bias’, ‘low risk of bias’ or ‘some
concerns’.”” The risk of bias assessment will be conducted
independently by M-L] and MV. Any lack of agreement
between the two parties will be resolved through discus-
sion and if a consensus is not reached, through arbitra-
tion by OJS. Studies with any level of risk of bias will be
retained in the analysis.

Data synthesis

Summary measures and methods of handling and combining data
A meta-analysis will be conducted using Cochrane
RevMan Web software,66 if data from the included studies
are available in a usable format or can be obtained from
the authors. To combine findings related to outcomes
with dichotomous data, risk ratios with a 95% CI will be
computed. For continuous outcomes, mean differences
between the two groups will be compared and presented
with a 95% CI. Attempts will be made to obtain missing
data by contacting the study authors.

In expectation of high clinical heterogeneity due to
different physical activity interventions, the analysis will
be conducted using a random effects model with a fixed-
effects analysis as a sensitivity check.”” In the likely event
that different measurement scales were used to measure
the same content, standardised mean differences will
be used.”” Furthermore, the recommendations by Thor-
lund et al for presenting pooled estimates of continuous
QoL data® will be followed. Intention-to-treat data will
be prioritised but observed cases data will be accepted.
Clinical heterogeneity will be evaluated using the ‘Clin-
ical Diversity In Meta-analysis’ tool.”® Statistical heteroge-
neity will be assessed using I* and y” tests, with values of I”
over 50% and p<0.1 of %* indicating substantial heteroge-
neity.37 If heterogeneity is substantial, a narrative descrip-
tion in text and tables will be provided.

Due to high clinical heterogeneity, the number of
trials included in the meta-analyses is expectedly low. To
account for this insufficient statistical power, trial sequen-
tial analysis will be conducted in order to control both type
1 and type 2 errors in the primary outcomes.” The signif-
icance threshold will be adjusted to account for multiple
comparisons using the method outlined by Jakobsen et
al™ The diversity-adjusted required information size

(DARIS) will be calculated® "I based on the minimal rele-
vant difference of the physical activity intervention on
specific scales of QoL and executive functions. To be able
to assess statistical inference, trial sequential monitoring
boundaries will be constructed.” If these are not crossed
before the DARIS, it indicates that further trials of phys-
ical activity may be needed to detect or reject an effect of
the intervention.” The results from the trial sequential
analysis will be used in The Grading of Recommendations
Assessment, Development and Evaluation (GRADE) as
the rating for imprecision.70

Additional analyses

Heterogeneity will be further explored through subgroup
analysis based on the following characteristics:

1. Population:

- Age (3-6 years of age, 7-12 years of age, 13-18 years
of age).

- Gender (male vs female).

- Medication status (medicated vs non-medicated).

2. Intervention

- Intensity (very light/light intensity: <63% of max-
imum heart rate; moderate intensity: 64-76% of
maximum heart rate; hard/very hard intensity:
>76% of maximum heart rate).”

- Frequency (<2 times per week vs >2 times per week).

- Duration of session (<45 min vs >45min).

- Duration of intervention (<6 weeks, 6-12 weeks, >12
weeks).

- Provider (professional trainer vs non-professional
trainer).

- Delivery (individual vs group-based).

- Type of control-group (no intervention, treatment
as usual, another non-pharmacological interven-
tion, medical treatment, another physical activity
intervention).

The heterogeneity of the frequency and duration of the
interventions in the included studies is expectedly high.
Some interventions may, for example, involve one session
per week, while others may require several sessions per
week, each perhaps with varying durations. These differ-
ences could impact the effect estimates, which is why the
importance of frequency and duration will be explored
through subgroup analyses.

Meta-biases

Egger’s test” for small study effects will be conducted
and funnel plots will be provided to assess potential
publication bias in the meta-analysis, if there are more
than 10 studies included in the analysis. To assess poten-
tial outcome reporting bias, available protocols of the
included RCTs published before the study was conducted,
will be identified. Outcomes reported in the protocols will
be compared with the outcomes reported in the published
report. If a protocol is unavailable, outcomes reported in
the methods and results sections of the published report
will be compared.
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Confidence in cumulative evidence

The GRADE® will be used to assess the confidence in
the body of evidence for each outcome. The assessment
is based on five domains: (1) risk of bias; (2) inconsis-
tency; (3) indirectness; (4) imprecision; and (5) publi-
cation bias.”” Based on the assessment, the certainty of
the evidence will either be downgraded one or two levels
or not be downgraded. The GRADE assessment will be
conducted independently by M-L] and MV. Any lack
of agreement between the two parties will be resolved
through discussion and if a consensus is not reached,
through arbitration by OJS.

ETHICS AND DISSEMINATION

As the systematic review is a secondary analysis of data
from primary trials, approval from an ethics committee is
not required. The results of the review will be published
in a peer-reviewed scientific journal and presented at rele-
vant conferences.
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