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Abstract

Purpose of Review The goal of this review was to summarize interventions aimed at improving medication adherence in
pediatric ADHD. Specifically, we sought to address questions regarding the prevalence of non-adherence, available interven-
tions, assessment methods, intervention effects on adherence and outcomes, and barriers to adherence.

Recent Findings We identified 13 studies evaluating eight types of interventions: education-based programs, behavioral
treatment, combined psychoeducation and behavioral treatment, digital health approaches, adjunctive therapy, near-infrared
spectroscopy, nursing support, and written informed consent. All interventions demonstrated significant improvements in
medication adherence compared to controls or pre-intervention baselines. The reported prevalence of non-adherence varied
widely (4.8%-77%), likely influenced by diverse measurement tools. Major barriers included parental beliefs, side effects,
perceived inefficacy, socioeconomic factors, and healthcare system issues.

Summary Non-adherence to ADHD medication in children can have detrimental consequences. While interventions have
shown promise in enhancing adherence, multidimensional, theory-based approaches combining education, behavioral strat-
egies, and digital techniques are needed. Digital health adoption presents opportunities but requires further research on
long-term effectiveness. Interdisciplinary teams, including pharmacists, psychologists and psychiatrists can play a key role.
Addressing parental beliefs, side effect concerns, socioeconomic factors, and healthcare barriers is crucial. Tailoring inter-
ventions to individual needs and barriers may optimize adherence and improve outcomes.

Keywords Medication Adherence - ADHD - Children - Adolescents - Scoping review

Introduction

Attention deficit hyperactivity disorder (ADHD) is a preva-
lent neurodevelopmental disorder affecting children and
adolescents worldwide, with a global prevalence exceed-
ing 5% [1, 2]. This disorder is characterized by three core
symptoms: inattention, impulsivity, and hyperactivity, which
may persist into adulthood in approximately 2.5% of cases
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[1, 3e]. The significant impact of ADHD on quality of life,
manifested through psychiatric comorbidities, academic
and occupational impairments, social disabilities, and risky
behaviors, underscores the importance of effective manage-
ment strategies [4, 5].

Pharmacological interventions, including stimulants and
non-stimulants, are integral to ADHD treatment, as they have
demonstrated efficacy in reducing symptom severity, improving
overall quality of life, and mitigating functional impairments [6,
7]. However, despite the importance of medication adherence,
approximately 50% of patients do not adhere to prescribed regi-
mens, and families often discontinue treatment within a year [8,
9]. Non-adherence to medication is associated with increased
hospitalizations, emergency visits, and preventable deaths, con-
tributing to substantial medical costs [10]. While interventions
can enhance medication adherence, there is a need for further
research to improve their effectiveness [11ee].
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The World Health Organization (WHO) has identified
five dimensions influencing medication adherence: patient-
related barriers, therapy-related barriers, condition-related
barriers, socioeconomic factors, and health system barriers
[12]. For children and adolescents with ADHD, the main
reasons for non-adherence are medication side effects and
perceived effectiveness [8, 13]. Additional barriers include
stigma, medication costs, socioeconomic status, insurance
coverage, and parental beliefs and attitudes toward ADHD
[8]. Considering these factors is crucial for achieving better
outcomes through interventions [3e, 11ee].

ADHD affects all aspects of life, placing significant pres-
sure on families in terms of work productivity, relationships,
and costs [14, 15]. Therefore, adherence to medications is
vital for controlling symptoms and ensuring better health
outcomes, particularly for this young, growing population
as they transition into adulthood [9, 16]. Identifying promis-
ing interventions can guide future research and potentially
improve medication adherence. This review summarized
interventions for improving medication adherence in chil-
dren and adolescents with ADHD, addressing barriers to
non-adherence, distinguishing it from previous reviews
[11ee].

Methods

This scoping review adhered to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses Extension
for Scoping Reviews (PRISMA-ScR) model and the Arksey
and O'Malley framework [17, 18].

Objectives and Study Questions

To explore effective interventions for promoting medication
adherence and clinical outcomes in children and adolescents
with ADHD, studies assessing the impact of interventions on
parents were investigated. The following questions guided
the literature search, data extraction, and synthesis:

1. What is the prevalence of non-adherence in control
groups or post-intervention?

2. What interventions are available to improve adherence
in pediatric ADHD?

3. How is medication adherence assessed?

4. How did interventions affect adherence and clinical
outcomes?

5. What barriers to adherence were identified?

Search Strategy

Four databases (PubMed, Web of Science, Scopus, Google
Scholar) were searched using terms related to "attention
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deficit hyperactivity disorder,” "medication adherence/
non-adherence," and "patient compliance/non-compli-
ance." Original articles published between 2000-2023 were
included.

Inclusion and Exclusion Criteria

Included studies involved: 1) Children/adolescents with
ADHD prescribed pharmacotherapy, 2) Specific interven-
tions to improve medication adherence, and 3) Reported
adherence and relevant outcomes. Exclusions were: 1) Adult
ADHD, 2) No pharmacotherapy, 3) No adherence interven-
tion, 4) No adherence outcomes reported, 5) No control
group/pre-test, 6) Unrelated to topic, 7) Reviews, 8) Non-
English language.

Study Selection

Initially, 980 records were identified and deduplicated.
Titles/abstracts were screened independently by two review-
ers against inclusion criteria. Full texts of eligible studies
were reviewed, with a third reviewer resolving conflicts.
Reference lists were also searched, yielding one additional
study.

Data Extraction and Charting

Using a standardized form, data on study characteristics,
interventions, adherence measures, and key findings were
extracted by two independent reviewers. Discrepancies were
resolved through consensus meetings with the supervisor.

Data Synthesis and Analysis Process

Studies were grouped according to the type of intervention
analyzed. For each group, populations, study designs, out-
comes, and adherence measures were summarized. When a
systematic review was identified, the number of potentially
eligible studies included was noted, and any missed studies
were added.

Results
Summary of the Included Studies

From the initial 980 records, 13 studies met the inclusion
criteria for interventions to improve medication adherence in
children and adolescents with ADHD (Figure 1). The earliest
study was published in 2005, with over half (n=8) published
between 2017-2021. Studies originated from the USA (n=3),
China (n=3), Japan (n=3), Spain (n=2), Israel, and Canada
(n=1 each). Sample sizes ranged from 10 participants in
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Fig.1 PRISMA flow diagram
illustrating the study section [
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intervention and control arms [19] to 2369 patients [20].
See Fig. 1 for the PRISMA flow diagram outlining the study
selection process

Eight types of interventions were identified: education-
based programs (n=5), behavioral treatment (n=1), com-
bined psychoeducation and behavioral treatment (n=1),
digital health approaches (n=2), adjunctive therapy (n=1),
near-infrared spectroscopy (n=1), nursing support (n=1),
and written informed consent (n=1).

The characteristics of included studies are detailed in
Table 1.

Prevalence of Non-adherence

The reported prevalence of non-adherence varied across
studies, likely influenced by diverse assessment methods. In
control groups or post-intervention follow-up, rates ranged
from 4.8%-77%. Some studies evaluated post-intervention

non-adherence, reporting 34% [21], 38% [22], and 77% [20]
in controls. Others documented 4.8% [23], 63.16% [24],
and 46.7% [25] non-adherence after 12, 6, and 3 months
respectively. Non-persistence rates, defined as duration from
treatment initiation to discontinuation, ranged from 14.3%
to 39% [23, 26, 27] in pediatric ADHD.

Measurement Tools of Medication Adherence

The medication possession ratio (MPR), representing the
percentage of days adhering to prescription over a period,
was most common [20, 25, 28]. MPR > 0.8 generally indi-
cated adherence, though one study used > 0.7 [25]. Pill
counting by parents in medication logs reviewed by clini-
cians was also used [29]. Some measured adherence within
specific timeframes e.g. prescriptions filled within 37 days
[22], reported taking medication at week 12 irrespective of
prior interruptions [27], or non-persistence as discontinuing

@ Springer
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at 2-week/2-month/6-month follow-ups [26]. Assess-
ing > 80% prescription intake without> 1 month's discon-
tinuation during school was another method [21].

Self-reports included questionnaires on medication con-
tinuity, missed doses, overall adherence during follow-up
[25]; the Medication Adherence Report Scale (MARS) eval-
uating unintentional and intentional non-adherence behav-
iors [24]; parents directly questioned about pharmacological
adherence [23]; and the Child Adherence Questionnaire on
medication attitudes/awareness [31]. Parent-reported child's
willingness to take medication on a 0-10 scale was also used
[19].

Interventions Improving Adherence in Pediatric
ADHD

Adjunctive Therapy

Meyers et al. [28] examined the impact of adding extended-
release guanfacine (GXR) as an adjuvant to stimulant ther-
apy in children and adolescents aged 6-17 years who were
non-adherent to stimulants (MPR < 0.8). The study found
that GXR augmentation significantly increased medication
adherence, with an adjusted mean change in MPR of 0.20 for
long-acting stimulants and 0.18 for short-acting stimulants
(p=0.34).

Near-infrared Spectroscopy (NIRS)

Kawai et al. [19] used NIRS to measure prefrontal cortex
oxygenated-hemoglobin (ox-Hb) levels in 10 ADHD boys
(mean age 9.3 years) during the Stroop Color and Word
Test on and off methylphenidate. Children completed the
60-s control and stimulant tasks five times each in both
medication conditions at least one month apart. NIRS data
showed lower right and left prefrontal ox-Hb elevations off
medication versus typical development. However, taking
methylphenidate resulted in significantly increased pre-
frontal ox-Hb levels, better task performance, and improved
symptom ratings. By visualizing these differences, parents
reported enhanced willingness for their children to take
methylphenidate.

Digital Health Interventions

Weisman et al. [29] utilized the iCON™ mobile app, allow-
ing parents to weekly report their child's ADHD symptoms
and medication side effects to the treating clinician, who
reviewed responses at weeks 4 and 8. The app also pro-
vided medication reminders and psychoeducational material.
Over 8 weeks, participants using the app demonstrated sig-
nificantly higher overall pill counts (F=4.33, p <0.05) and
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greater improvement in Clinical Rating Scale (CRS) scores
versus controls (F=4.74, p <0).

Fried et al. [22] used a customized ADHD text messaging
system sending daily reminders about the prescribed regi-
men, refills, and psychoeducation on ADHD management.
A significantly greater percentage of subjects receiving texts
were adherent to stimulant treatment compared to usual care
(85% vs 62%; OR=3.46, 95% CI: 1.82-6.58).

Educational Programs

Psychoeducation for Parents Bai et al. [25] conducted a
cluster randomized study of a psychoeducational program
for parents of children with ADHD based on the Theory
of Planned Behavior. The program included expert-guided
lectures with slides and a manual covering five components:
building patient-physician relationships, ADHD symptoms/
impacts, medication information, adherence barriers, and
parenting skills. It also involved group sessions for parents
to discuss medication side effects and an online community.
Compared to controls, the intervention group had signifi-
cantly higher 1- and 3-month medication adherence rates
(97.7% vs 75.6%).

Montoya et al. [23] evaluated a 12-month manual-based
psychoeducational program for parents of newly diagnosed
children (6-12 years) with ADHD. Small groups of 5-6 par-
ents attended weekly 90-min sessions for the first 4 weeks
and the 9th week. The program covered general ADHD
information, behavioral management strategies, and social
skills using manuals, slides, workbooks, and reading materi-
als for leaders, parents, and children. After 12 months, there
was no significant difference between psychoeducation and
control groups in pharmacological treatment discontinuation
rates (13.2% vs. 14.3%).

Monastra et al. [30] conducted a "neuroeducation" pro-
gram for 685 parents of children with ADHD. Over three
90-min sessions, a psychologist explained clinical symptoms
using test results like EEG epochs showing "cortical slow-
ing" and illustrations of neurotransmitter systems. The ses-
sions visualized inattention, discussed stimulant/non-stim-
ulant mechanisms based on cortical slowing, and provided
education on nutrition, sleep, exercise, and attention. Parents
received lesson manuals and had 6-week, 6-month, 1-year,
and 2-year follow-ups to monitor progress. Approximately
70% initiated pharmacotherapy post-intervention, with 95%
continuing at 2 years.

Psychoeducation for Children and Parents Nagae et al. [31]
designed a 5-day group psychoeducation program (g-pam)
led by an occupational therapist and nurse to enhance chil-
dren's medication knowledge and treatment collaboration
with parents. Each session involved lectures on medications,
group discussions, recreational games for interpersonal
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skills, and homework discussing treatment with parents.
The intervention significantly decreased the SAMBA-C
resistance score and improved Child CAQ attitude scores
compared to baseline, while control group scores did not
significantly change.

Parent and Teacher Psychoeducation Zheng et al. [24] pro-
vided concurrent 4-session training programs for parents
and teachers of primary school children with ADHD. Par-
ent training covered ADHD knowledge, medication, cop-
ing with side effects/conduct issues, and behavioral man-
agement. Teacher training included ADHD information,
classroom behavior strategies, scaffolding self-regulation
skills, and creating a positive environment. At 6 months,
the intervention group had significantly higher MARS scores
(22.8+0.75 vs 16.5 +1.63 controls) and medication usage
rates (70.69% vs 36.84% controls).

Combined Psychoeducation and Behavioral Treatment

Enns et al. [20] evaluated a 3—6 month multidisciplinary
intervention combining pharmacological treatment with
group therapy, parent support, individual therapy, and edu-
cation for 485 children and adolescents with ADHD. Spe-
cific program details like therapy types and session dura-
tions were not provided. The intervention was associated
with a significantly increased medication use rate (adjusted
rate ratio 1.42, 95% CI 1.03-1.96) versus controls. Chil-
dren receiving the intervention were also more likely to
enroll in their age-appropriate school grade, an indirect
ADHD measure. However, selection bias may have influ-
enced findings if intervention cases were more engaged in
ADHD treatment.

Behavioral Treatment

So et al. [21] conducted a 6-month weekly group behav-
ioral intervention involving 24 sessions for children, each
around 100 min with 2-3 assistants per group of 8-9 chil-
dren. Sessions incorporated parent training, skill training,
and classroom contingency management delivered by a mul-
tidisciplinary team including teachers, nurses, psychologists,
and occupational therapists. Children and parents received
detailed feedback with a token economy system. After treat-
ment, medication adherence was higher in the intervention
group according to blinded assessors (93% vs 60% controls),
sustained at 6 months (88% vs 59%) but not 12 months.

Nursing Support Program
Savil et al. [27] described a 12-week nursing support pro-

gram for 364 parents of children (mean age 10.5 years)
taking atomoxetine. It involved six 15-min calls, two

motivational texts weekly, six newsletters, and appointment
reminders with content themed around the first 12 weeks of
atomoxetine, including daily routine, side effects, and effi-
cacy. Basic program information suggested discontinuation
rates could be lower than historically expected, with 9.5%
discontinuing by week 12. Continuation rates were similar
across gender and age.

Written Informed Consent

Naenen-Hernani et al. [26] examined the effect of written
informed consent on methylphenidate adherence, where
children's parents and those aged 12—15 years provided
signed consent before initiation. At 6-month follow-up, the
non-persistence rate was 92.5% in the written consent group
versus 78% in controls receiving standard care without writ-
ten consent. Informing and involving parents through this
process may promote adherence and improve the patient-
doctor relationship.

Impact of Interventions on Associated Outcomes

Adjunctive GXR with stimulants in non-adherent patients
increased healthcare costs due to additional pharmacy, phy-
sician visits, and outpatient expenditures [28]. The NIRS
study revealed lower prefrontal cortex oxygenated-hemo-
globin levels in medication-naive ADHD children versus
controls. However, methylphenidate administration signifi-
cantly increased prefrontal activation, improved task per-
formance, and reduced symptoms [19]. Psychoeducational
interventions for parents [23, 25], combined psychoeduca-
tion/behavioral treatment [21], and parent/teacher training
[24] consistently demonstrated substantial ADHD symp-
tom severity improvements assessed by standardized rating
scales. While Nagae et al.'s [31] psychoeducation did not
impact symptoms, it significantly reduced child resistance
to medication. Monastra et al. [30] found stimulant-treated
children with cortical slowing experienced more side effects
versus non-stimulant treatment in those without cortical
slowing. Contrastingly, a smartphone app did not signifi-
cantly affect symptom severity [29].

Barriers to Medication Adherence in ADHD Youth

Major barriers included parental beliefs about medication
benefits, side effects, and perceived inefficacy [22, 24, 30].
Inadequate ADHD knowledge, lack of emotional support,
and parental isolation hindered treatment initiation/continu-
ation [25]. Unawareness of ADHD severity and the con-
sequences of non-adherence exacerbated symptoms and
relapse risk [3, 25]. Side effects and insufficient disorder/
treatment information reduced compliance [24]. Learning
challenges tripled discontinuation risk [23]. In addition,

@ Springer



122

Current Developmental Disorders Reports (2024) 11:113-124

healthcare provider distrust, financial constraints, insurance
coverage issues, and medication costs were additional bar-
riers [20, 23, 24].

Discussion

This scoping review summarized interventions for improv-
ing medication adherence in pediatric ADHD, categoriz-
ing them into eight groups: educational programs (pre-
dominantly psychoeducation), digital health approaches,
combined psychoeducation and behavioral treatment,
behavioral treatment, adjunctive therapy, near-infra-
red spectroscopy (NIRS), nursing support, and written
informed consent. All interventions demonstrated statis-
tically significant adherence improvements compared to
controls or pre-intervention baselines, indicating their
potential effectiveness.

The reported non-adherence prevalence ranged from
4.8% to 77%, likely influenced by diverse adherence meas-
urement tools employed across studies. The MPR was most
commonly used, with MPR < 0.8 generally indicating non-
adherence, although one study used < 0.7 as the cut-off [25].
However, the limitation of MPR is that MPR recognizes that
adherence measured with claims data can provide evidence
of medicine receipt but no evidence of use [32]. Although
different strategies have used diverse methods, there is no
gold standard for measuring medication adherence in ado-
lescents and children with ADHD. Other methods included
pill counts, prescription refill records, self-reported ques-
tionnaires, and defining non-persistence as treatment dis-
continuation within specific timeframes.

Notably, only one study [25] utilized a theoretical
framework (Theory of Planned Behavior) to design the
psychoeducational intervention, emphasizing the value of
theory-driven approaches in adherence research [33, 34].
The longest follow-up duration was 2 years [30], while the
shortest was 37 days for an SMS-based intervention [22],
highlighting the need for longer-term evaluations consider-
ing ADHD's potential lifelong impacts [35, 36].

Interdisciplinary teams, including psychologists,
nurses, occupational therapists, and teachers, played cru-
cial roles in delivering interventions. However, the phar-
macist's involvement in promoting adherence remains
unexplored. Given their close patient relationships, phar-
macists could significantly contribute to enhancing adher-
ence behaviors [37, 38].

Barriers to adherence were primarily related to paren-
tal beliefs, medication side effects, perceived treatment
inefficacy, socioeconomic factors, and healthcare system
issues, which is consistent with previous studies intro-
ducing parental knowledge and beliefs about ADHD and
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perceived risks and benefits of treatment as some of the
frequent reasons for non-adherence [13, 39¢]. Addressing
these barriers through multidimensional, theory-based
interventions is crucial for improving outcomes in this
population [40]. While patient education is paramount,
excessive information can paradoxically reduce adherence
in some cases [41].

This review had limitations, including the lack of quality
assessment for included studies, restriction to four databases
and English-language publications, and potential publication
bias. Nevertheless, a transparent and rigorous methodology
was employed to identify relevant literature.

Conclusion

Non-adherence to ADHD medication in children can have
detrimental consequences. considering the prevalence and
low rates of medication adherence in ADHD population,
it is necessary to consider measures to solve this problem
[42]. Despite efforts, there remains a need for multidimen-
sional, theory-based interventions combining education,
behavioral strategies, and digital approaches to enhance
adherence in this population. Widespread digital health
adoption presents opportunities, but long-term effective-
ness requires further research. Interdisciplinary health-
care teams, including pharmacists, can play a key role.
Addressing parental beliefs, side effect concerns, socio-
economic factors, and healthcare barriers is crucial. While
patient education is important, excessive information may
paradoxically reduce adherence. Tailoring interventions to
individual needs and specific barriers may optimize adher-
ence and improve outcomes for children and adolescents
with ADHD.
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