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ABSTRACT

Introduction: This systematic review and meta-analysis assessed the characteristics, types, and impact of
interventions to improve adherence to attention-deficit hyperactivity disorder (ADHD) medications within
the context of the three phases of adherence, namely, initiation, implementation, and discontinuation.
Methods: PubMed, Psychological Information Database, Embase, International Pharmaceutical
Abstracts, and Google Scholar were systematically searched for relevant trials using appropriate search
terms. Interventions were classified as educational, behavioural, affective, and multifaceted. Data was
pooled using odds ratios and proportions.

Results: Seventeen studies were included in this review. In a pooled analysis of four RCTs, interventions
did not significantly improve medication adherence (OR = 2.32; 95%-Confidence Interval=Cl = 0.91-5.90;
p=0.08). In seven non-randomized trials, a pooled proportion of people who adhered to ADHD
medication was considerably higher in the intervention group (85%, 95%Cl =78%-91%) than in the
control group (47%, 95%Cl =33%-61%). Interventions varied in terms of study design, methods and
their impact on different phases of adherence.

Conclusions: Despite some promising results, the lack of consideration of phase-specific adherence factors
may limit the effectiveness and sustainability of interventions to improve adherence in clinical practice.
Future interventions should be phase-specific, guided by factors which are pertinent to each phase.
Meanwhile, clinicians should choose or tailor interventions based on individual needs and preferences.
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often need to be taken on a long-term basis to achieve the desired
medication outcomes, highlighting the importance of adherence
to ADHD medications [7].

Several factors influence adherence to ADHD medications.
However, there is limited information about the impact of those
factors on different phases of adherence. According to the
Ascertaining Barriers to Compliance (ABC) taxonomy, medication
adherence is a dynamic process that can be defined as a medica-
tion-taking journey starting from the initiation phase when the
patient begins taking the medication [11]. The journey continues
into the implementation phase, where the patient takes the med-
ication. Finally, the journey ends at the discontinuation phase
when the patient stops taking the medication [11]. Literature
suggests that adherence to ADHD medication is poor [12,13].
For example, a systematic review reported that adherence to

1. Introduction

Attention-deficit hyperactivity disorder (ADHD) is a neurode-
velopmental disorder characterized by inattention, hyperactiv-
ity, and impulsivity [1]. ADHD is predominantly a childhood
disorder; however, it often continues into adolescence and
adulthood [2]. ADHD is associated with reduced academic,
occupational, and social functioning in affected patients,
which can significantly impact their lives as well as their family
members [2]. The worldwide prevalence of ADHD in children
[3] and adults [4] is 7.2% and 6.8%, respectively. ADHD can
pose a huge economic burden at individual and societal levels,
associated with higher healthcare costs. In the United States,
the direct and indirect costs related to ADHD are between
USD143 billion and USD266 billion [5]. A review summarizing

the global evidence suggested that the national estimates
ranged between USD356 million to USD20.27 billion [6].
Given the impact of ADHD on the health and well-being of the
patients and their carers, it is important to manage ADHD to
improve patient outcomes. Medications play an important role
in managing ADHD [7]. Various guidelines have recommended
stimulants as a first-line treatment in children with ADHD [8-10].
However, given the chronic nature of the condition, medications

ADHD medication in children and adolescents ranged between
9.4% and 64% [12]. A recent study on adults with ADHD reported
that only 42% of patients adhered to their medication [14]. Several
factors, such as the benefits of medication, side effects, stigma,
etc.,, have been shown to influence medication adherence [15].
Within the context of the three phases of adherence, it is sug-
gested that some factors may be unique to each phase, while
other factors may remain common across the three phases [15].
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The problem of nonadherence to ADHD medication has
prompted researchers to design and implement interventions
to improve medication adherence. Several trials including
reviews have been conducted to assess the effectiveness of
interventions intended to improve adherence to ADHD med-
ication [16-20]; however, to the best of our knowledge, no
review has been conducted that has summarized the informa-
tion about the interventions (type, delivery, settings, etc.) and
assessed the impact of those interventions on medication
adherence in the context of the three phases of adherence.
The synthesis of the information surrounding the impact of
interventions at different phases of adherence is essential as it
can provide a useful guide for clinicians to know which inter-
ventions can be effectively applied in clinical settings and for
researchers to design future interventions that are more effec-
tive and sustainable. Therefore, the objective of this systematic
review and meta-analysis was to evaluate the impact of inter-
ventions intended to improve adherence to ADHD medication
in the context of the three phases of adherence. The review
also summarized the information related to the interventions,
such as the type, component, delivery, settings, and the phase
of adherence when the intervention was implemented, guided
by the ABC taxonomy.

2. Methods

This systematic review, including a meta-analysis, was guided
by the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (Appendix 1) [21]. This
review was registered in the Open Science Framework
Registries (Registration code: osf.io/w8n6a).

2.1. Eligibility criteria

Studies that assessed an intervention to improve adherence to
ADHD medication were included in this review. Studies had to
describe the adherence phase in which the intervention was
delivered. Studies were included regardless of their design as
adherence studies utilize a wide range of designs, including
randomized and non-randomized controlled trials. No restriction
was applied in the criteria about the study population (children,
adults, parents) as ADHD can impact people of all ages as well as
their parents/carers. Studies that had evaluated adherence to
non-pharmacological management or compared two or more
treatment options for their impact on adherence without any
intervention component were not included in this review.

2.2. Information sources

Five databases were used to search for the eligible studies:
PubMed, Psychological Information Database (PsycINFO),
Excerpta Medica dataBASE (Embase), International
Pharmaceutical Abstracts (IPA), and Google Scholar. The databases
were searched from their inception to the last update on 19
January 2024 and were limited to English language and human
studies. Additional articles were also searched manually by screen-
ing the reference list of the relevant articles. The search was con-
ducted by two authors independently.

2.3. Search strategy

The databases were systematically searched for eligible stu-
dies that tested an intervention to improve adherence to
ADHD medication. Three broader concepts were used to
search the literature; adherence, ADHD, and intervention,
combined with the Boolean operator ‘AND.’ Several relevant
terms (MeSH, free text words) were used within each concept,
combined with the Boolean operator ‘OR. The detailed search
strategy is attached as an appendix to this article (Appendix 2).

2.4. Study selection

The process of selecting studies was conducted in two steps.
First, the studies were screened against the set eligibility
criteria. The screening was performed by reading the title
and the abstract of the potential articles. The articles that
appeared to be eligible were selected for the second round
of the process in which the full text of the articles was read to
confirm their eligibility for this review. The articles that met
the eligibility criteria were then processed for data extraction.

2.5. Data extraction

The relevant data were extracted from the selected studies in
a pre-designed piloted form. The relevance of the data was
decided based on the objectives of this review. The following
information was extracted: authors, publication year, country,
study design, sample size, study duration, adherence measure,
adherence phase, medication type, intervention type, compo-
nents of the intervention, delivery, and intervention outcomes.
In cases where a study reported outcomes at more than one
point, the last point (endpoint) data were extracted. The data
were extracted by one author, a portion (20%) of which was
counterchecked by another author for consistency.

2.6. Risk of bias

The risk of bias was assessed by one author, a portion (20%) of
which was checked by another author for consistency. For
randomized control trials, the risk of bias was assessed by
using the revised Cochrane ‘risk-of-bias’ tool for randomized
trials (RoB 2). The domains assessed were the risk of bias
arising due to randomization, deviations from intervention,
incomplete outcomes, measurement of results, and selective
reporting of outcomes. For non-randomized studies, the risk of
bias was assessed by using the 'Risk of Bias in Non-randomized
Studies of Interventions (ROBINS-I)’" tool. The main sources of
bias assessed were confounding bias, selection bias, classifica-
tion of intervention bias, deviation from intervention bias,
missing data bias, outcome measurement bias, and reporting
bias. The risk of bias is summarized in Appendix 3.

2.7. Data synthesis

The outcome measure was the impact of an intervention to
improve adherence to ADHD medication. The intervention
and its components were evaluated for each study, including
the person who delivered the intervention, the group to
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whom the intervention was delivered, the method for asses-
sing the impact of adherence (adherence measure), and the
adherence phase in which the intervention was delivered. We
used two software programs for data analysis: RevMan for
pooling data from RCTs and MetaXL for pooling data from
non-randomized trials.

The number of people who adhered to medication in the
intervention and the control group was extracted directly from
each study. For RCTs, the odds ratio was calculated from the
data provided in the study to determine the odds of people
adhering to medication in the intervention and the control
group with a 95% confidence interval (Cl) for each study. We
used the random effect model (due to the potential hetero-
geneity between studies) to pool the estimates. The hetero-
geneity between studies was assessed by calculating I?
statistics. I° values with an upper limit of 25%, 50%, and 75%
were considered low, moderate, and high heterogeneity,
respectively. An I? statistic of more than 50% with p <0.05
represented substantial heterogeneity. For non-randomized
trials, the results were pooled by using the proportion of
people who adhered to medication in the intervention and
control groups.

The data from the RCTs and non-randomized trials were
pooled separately because of the methodological hetero-
geneity and increased risk of bias in the summary effect.
Studies that did not report the number of people who
adhered to medication in the intervention and control
groups were not included in the meta-analyses. Subgroup
analysis was performed by pooling estimates from studies
that looked at different phases of adherence separately for
both RCTs and non-randomized studies where applicable.
Publication bias was assessed using a funnel plot, where
ratio measures of intervention effect (such as odds ratios)
were plotted on a logarithmic scale and reported with a
summary estimate extending 1.96 standard errors on either
side, including about 95% of studies (in case of no bias).

2.8. Operational definitions

The following operational definitions have been used in this
review:

2.8.1. Medication adherence

Medication adherence was defined as the extent to which
patients take their medication as prescribed by the health
professional. Adherence is composed of three distinct yet
relevant phases; initiation, implementation, and discontinua-
tion [11].

Initiation was defined as the start of the medication pro-
cess, that is when a patient takes the first dose of a medica-
tion [11].

Implementation was defined as the extent to which a
patient adheres to the prescribed regimen from the first
dose of a medication until the last dose of the medica-
tion [11].

Discontinuation was defined as the cessation of medication
for any given reason [11].
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2.8.2. Types of intervention

Interventions were classified based on the classification (edu-
cational, behavioural, and affective) suggested by Roter et al.
[22]. This classification has been previously used in systematic
reviews assessing the impact of adherence interventions in
chronic disease conditions [23,24]. One additional category,
multifaceted, was also used along with the other three
categories.

Interventions were classified as educational if they pro-
vided verbal or written material with an emphasis on convey-
ing knowledge or information to research participants. The
delivery of intervention could be one-to-one and/or group
teaching and may involve the use of written and audio-visual
materials, mailed instructional materials, and telephone
instructions (excluding reminders and prompts to comply).
These interventions were based on the concept of making
patients/carers well-informed about their medications and
empowering them to improve their adherence to medications
[22].

Interventions were classified as behavioural if they were
designed to influence behavior by shaping, reminding (cues),
or reinforcing specific behavioural patterns (rewarding desired
behavior). The strategies used to deliver these interventions
could include skill building and practice activities led by health
professionals (e.g. medication self-management skills), using
adherence aids (e.g. medication boxes, calendars), a change in
packaging or simplifying dosing regimen (e.g. once a day
dose) to reduce behavioural demands, rewards and reinforce-
ment through regular monitoring of adherence and providing
feedback, and reminding patients to take medication through
both mail and telephone reminders [22].

Interventions were classified as affective if they were
designed to influence medication adherence through appeals
to feelings and emotions or social relationships and social
supports. The support could be provided by family or another
group. Examples of affective interventions could include
family counseling, support group counseling, and supportive
home visits. The concept of these interventions was to provide
support to a patient to alleviate stress, increase self-efficacy,
and improve medication adherence. Therefore, family or
group sessions that were primarily didactic or educational in
nature rather than supportive were considered educational
interventions [22].

Interventions were considered multifaceted if they had two
or more distinct components of educational, behavioural, or
affective intervention.

3. Results
3.1. Study selection

A total of 1,240 articles were identified from all databases. After
removing the duplicates, 865 studies were screened for poten-
tial inclusion in this review. The screening was performed by
scanning the title and abstract of the potential studies against
the eligibility criteria set for this review. Eight hundred and forty
articles were deemed ineligible, and the remaining 25 under-
went full-text review. Eight articles did not meet the criteria.
Hence, 17 articles were included in this review. For the meta-
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analyses, 12 studies were selected as the remaining 5 studies
did not provide information on the number of people who
adhered to medication in the intervention and control group.
Of these 12 studies, 5 RCTs and 7 non-randomized studies were
pooled separately. The study selection process is summarized as
a PRISMA flow diagram in Appendix 4.

3.2. Study characteristics

Most studies were conducted in the US (n=6) [14,16,25-28]
followed by China (n=3) [29-31], Canada (n=2) [17,32],
Spain (n=2) [33,34], Israel (n=1) [20], United Kingdom (n
=1) [35], Brazil (n=1) [36], and Japan (n=1) [37]. The
median sample size was 348 participants (range: 35-2369)
with a total of 5932 participants. The total number of
months for which adherence was monitored ranged from
1.5 months to 24 months (Mean =6.14 months; Median=6
months). Eleven studies [14,16,25-28,30,32-34,37] were
non-randomized while six studies [17,20,29,31,35,36] were
randomized control studies. More than half of the studies
(n=9) [17,26,28,30,31,33-35,37] used self-reported adher-
ence measures, while the other eight studies
[14,16,20,25,27,29,32,36] used objective measures.
Differences were noted between studies that used self-
reported measures; that is, some studies directly asked
patients whether they took the medication, while other
studies used questionnaires such as Family Therapy
Adherence Scale [26], Child Adherence Questionnaire [37],
Simplified Medication Adherence Questionnaire [34], and
Medication Adherence Rating Scale [31]. Similarly, several
objective measures were used, such as medication posses-
sion ratio (n=4) [27,29,32,36], medication refill method (n=
3) [14,16,25], and pill count (n=1) [20]. All studies but one
[30] measured adherence at a single phase. Ten studies
[14,16,20,25,27,31,32,34,36,37] measured adherence at the
implementation phase, five studies [17,28-30,33] at the dis-
continuation phase, and three studies at the initiation
phase [26,30,35]. The study characteristics are summarized
in Table 1.

3.3. Risk of bias

Six randomized control trials were assessed using the RoB 2
assessment tool. Out of the six, one trial [29] was at high
risk of bias, two trials [17,35] were at low risk, and three
trials [20,31,36] were found to have some concerns
(Appendix 5a). Eleven non-randomized studies were
assessed using the ‘Risk of Bias in Non-randomised Studies
of Interventions (ROBINS-I)’ tool. Out of the eleven, two
studies [28,33] were at serious risk of bias, eight studies
[14,16,25-27,32,34,37] were at moderate risk, and one
study [30] could not be assessed because of a lack of
information (Appendix 5b).

3.4. Characteristics of interventions

Seven studies [14,16,20,27,33-35] investigated behavioural
interventions, and four studies [17,29,30,37] investigated edu-
cational interventions while six studies [25,26,28,31,32,36]

used a combination of educational and behavioural or affec-
tive (multifaceted) intervention. Multifaceted interventions
used lectures, presentations, and written materials as educa-
tional components, text reminders [25,36] and management
strategies as behavioural components [32], and family/group
support as affective components [26,28]. Interventions were
delivered by healthcare professionals or by using digital plat-
forms such as phone reminders. Thirteen studies targeted
children (<18 years), while four studies targeted adult patients
(=18years). In the case of children, most interventions
[17,25,28-30,33] were delivered to parents (n=6), and five
interventions [20,25,32,35,37] targeted both parents and chil-
dren [20,26,32,35,37], one intervention [31] was delivered to
parent and teacher while one intervention [27] was delivered
to children only. The characteristics of interventions are sum-
marized in Table 2.

3.5. Impact of interventions

3.5.1. Meta-analysis results

Initially, five RCTs were included for quantitative synthesis.
One RCT [36] had no events in both arms and did not affect
the pooled estimates, and thus was excluded from the analy-
sis. According to Cochrane, such studies do not have any
impact on the direction or magnitude of the relative treatment
effect, and therefore their exclusion is a standard practice in
meta-analysis [38]. In a pooled analysis of four RCTs including
587 participants, the delivery of an intervention, regardless of
any other factor, improved medication adherence in people
with ADHD; however the improvement in adherence was not
statistically significant (Odds Ratio=OR=2.32; Confidence
Interval=Cl=0.91-5.90; p =0.08) (Figure 1a). The ORs ranged
from 0.26 to 4.63.

In the context of the three phases of adherence, we were
able to evaluate improvement in adherence at the disconti-
nuation phase. The impact of Interventions on the disconti-
nuation phase of adherence was not significant (OR=2.15; Cl
=0.53-8.79; p=10.29) (Figure 1b).

In addition, non-randomized studies were pooled based
on the participants who adhered to medication in both
the intervention and control groups. 85% of participants
were adherent in the intervention group (95% Cl: 78%-
91%) and 47% of participants were adherent in the control
group (95% ClI: 33%-61%) (Figure 2). Sub-group analysis
showed that the difference in the effectiveness of inter-
vention versus control at the implementation phase was
higher (86% vs 46%) compared to the discontinuation
(89% vs 54%) and initiation phase (72% vs 40%)
(Appendix 6a & 6b).

3.5.2. Impact of different types of interventions at
different phases of adherence

3.5.2.1. Behavioural interventions. Behavioural interven-
tions delivered at the implementation phase of adherence
showed considerable improvement in medication adherence.
For example, Meyers et al. [27] showed that the modified
medication possession ratio increased from 0.68 to 0.87 due
to therapy modification. Similarly, Quiroga et al. [34] showed
that the proportion of participants who adhered to medication
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Figure 1a. Forest plot of randomized control trials.
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Figure 1b. Forest plot of randomized control trials (Discontinuation phase).
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Figure 2. Forest plot of non-randomized control trials presenting proportion of people adhered to the treatment.

was higher in the intervention group (therapy modification)
(97.1%) compared to the control group (45.7%). Weisman et al.
[20] also reported better scoring of pill count (better adher-
ence) in the intervention group (reminders) (Median =0.92)
compared to the control group (Median = 0.74) through med-
ication reminders and increasing communication with the
physician.

Hernani et al. [33] targeted the discontinuation phase and
reported a relative risk reduction of 0.67, meaning that the

intervention (use of written informed consent) effectively
reduced the risk of discontinuation by 67%.

3.5.2.2. Educational interventions. Education-only inter-
ventions were mainly implemented to prevent discontinuation
of medication, except for one study [37] that targeted the
implementation phase of adherence. Gau et al. [30] also imple-
mented the intervention at the initiation phase of adherence
in addition to the discontinuation phase. Bai et al. [29]



reported an 84.09% improvement in adherence by preventing
discontinuation of medication, relatively similar to the findings
of Gau et al. [30] (85.39%) and Nagae et al. [37] (86.80%). Bai et
al. [29] and Montoya et al. [17] used a combination of educa-
tional interventions such as expert lectures, group sessions,
community engagement, and homework) while Gau et al. [30]
focused on parental group education sessions. The educa-
tional intervention resulted in a slightly higher improvement
in adherence when delivered at the initiation phase (92.24%),
as reported by Gau et al. [30].

3.5.2.3. Multifaceted interventions. Most studies that used
multifaceted intervention also targeted the implementation
phase of adherence. For example, Carvalho et al. [36] showed
that the use of a digital application (information, educational
content, pill reminders) can improve medication adherence;
however, it was not significantly different from the control
group. Enns et al. [32] showed that by providing education,
parent support, and medication management services, adher-
ence was improved in the intervention group (Adjusted rate
ratio=1.42 (1.03 to 1.96); p < 0.05). Fried et al. [25] used edu-
cational material and text reminders to improve medication
adherence (odds ratio = 3.46, p < 0.05). Zheng et al. [31] com-
bined educational content with behavioural strategies such as
classroom management for teachers, which resulted in signifi-
cant improvement in adherence in the intervention group
compared to the control group (70.69% vs 36.84%).

Hogue et al. [26] and Monastra et al. [28] targeted the
initiation and discontinuation phases, respectively, and com-
bined educational content with specialized protocols such as
Medication Integration [26] and Neurologic assessment [28],
which resulted in marked improvement in medication adher-
ence. The Medication Integration Protocol was focused on
delivering family-centered intervention by educating children
and their caregivers about ADHD and its medication and
integrating it with behavioural activities such as improving
medication decision-making. The neuro-educational interven-
tion consisted of a comprehensive neurological assessment
followed by parent education about the causes of ADHD and
the effects of ADHD medications. Monastra et al. [28] showed
an improvement of 95% after implementing the intervention.

Funnel plots revealed a gross asymmetry to either side,
indicating that publication bias may be present (Appendix 7
& 8). In addition, studies were scattered asymmetrically around
the summary effect; small or opposite-direction studies seem
to be missing.

4. Discussion

This paper presents a systematic review and meta-analysis of
interventions and their impact on adherence to ADHD med-
ication. The findings of this review showed a modest impact
of existing interventions in improving adherence to ADHD
medication. In particular, it is challenging to predict the type
of interventions that are most likely to work at a particular
phase of adherence or if any intervention is better than
other interventions. This is primarily because of wide hetero-
geneity in study design, intervention studied, delivery per-
sonnel, recipients, and how and when adherence was

EXPERT REVIEW OF NEUROTHERAPEUTICS 9

measured. Another important reason is that the interven-
tions were not designed considering factors impacting dif-
ferent phases of adherence. Therefore, health professionals
should be cautious of these factors in selecting the interven-
tion in the absence of a gold standard. Rather, the choice of
interventions should be based on the needs and preferences
of the patients, the availability, feasibility, and acceptability
of the intervention, as well as the consideration of the
phase, and its associated factors, at which the intervention
needs to be delivered.

The findings of this study suggest that there is considerable
heterogeneity in study design and how adherence has been
measured in the reviewed studies. This heterogeneity, in addi-
tion to the limited number of studies, makes it difficult to
combine the studies and derive a meaningful conclusion sta-
tistically. The heterogeneity exists not only in studies that used
different study designs but also among studies that used the
same study design. For example, among Six RCTs, three stu-
dies used objective measures, while three used subjective
measures. The objective and subjective measures also differed
between the studies. The variation in the effectiveness of
interventions might be, to some extent, related to the use of
different measures. Available evidence suggests that there is
no gold standard in measuring adherence as each method has
its pros and cons [39]. Therefore, it is important to develop a
consensus among researchers to standardize the literature on
ADHD to promote cross-study comparisons and synthesize
evidence aimed at improving medication adherence. Another
potential reason for heterogeneity could be a large variation
in the sample sizes of studies included in this review. Studies
with smaller sample sizes or underpowered studies are often
associated with higher effect sizes, which in turn can increase
heterogeneity [40]. There is an ongoing debate on the inclu-
sion of underpowered studies in meta-analyses. However, evi-
dence suggests that meta-analysis containing many, even
small, studies are more powerful than fewer large studies to
estimate the treatment effect [40,411].

A majority of studies designed and tested interventions at
the implementation phase of adherence. Although those
interventions showed promising results, it is not clear if the
same interventions will remain equally effective in the other
phases of adherence. In addition, evidence suggests that fac-
tors that impact adherence at different phases might differ,
implying that different interventions might be required based
on the influencing factors [42]. Therefore, interventions must
be tailored to each phase, and a more targeted approach
should be used to develop phase-specific interventions to
improve medication adherence. There have been calls in the
literature previously on developing phase-specific interven-
tions that can be compared and contrasted to synthesize
evidence that can aid clinical decision-making and inform
health policy decisions [43]. While developing phase-specific
interventions, it is important to ensure that more standardized
interventions and methodologies are used in future research
to enhance comparability and reduce heterogeneity.

Medication adherence is a complex phenomenon influ-
enced by various factors that may facilitate or prevent medi-
cation-taking. This complexity further increases in ADHD as it
is a childhood disorder that involves parents and continues
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into adolescence and adulthood. Evidence suggests that fac-
tors influencing adherence during childhood are relatively
different from those influencing medication adherence in
adult patients [42]. Similarly, factors affecting children might
differ from those influencing their parents [44]. Current evi-
dence does not suggest any intervention specifically designed
for parents, children, or adults with ADHD. Therefore, health
professionals need to consider these important issues before
choosing an intervention. Whilst we encourage and expect
future research to focus on group-specific interventions, we
suggest practitioners tackle this issue by using multifaceted
interventions to address myriad factors that impact adherence
in different groups as recommended in other mental health
conditions [45,46]. In the case of a child, tailored interventions
should also be extended to parents as they are the main
decision-makers for their child’s health, including medication-
taking. Parental beliefs about ADHD medications are an impor-
tant determinant of medication adherence in children [47,48].
When evaluating the impact of an intervention on children, it
is important to differentiate between younger and older chil-
dren (adolescents) as during adolescence older children begin
to explore their own identity and role in life and start taking
autonomy about their healthcare including the use of medica-
tions. Evidence suggests that the impact of factors that affect
adherence may vary between younger children and adoles-
cents [42]. Therefore, future interventions targeting children
should consider the specific age group of children (such as
younger children and older children/adolescents) and design
interventions based on factors pertinent to that age group.

The use of a theoretical framework has been highly recom-
mended in adherence research to identify the factors that
impact medication adherence as well as to design interven-
tions [49]. Interventions grounded in a theoretical framework
are more likely to be effective and sustainable than those
without any theoretical support [50]. This might explain the
limited success of adherence interventions in the past, as they
were not supported by theoretical underpinning [51].
Similarly, the findings of this review suggest that most adher-
ence interventions in ADHD are not guided by any theoretical
framework. Whilst we cannot conclude due to a limited num-
ber of studies, we did find certain indications that might
suggest that theory-driven interventions are relatively more
effective. For example, one of the RCTs [29] in this review that
used the theory of planned behavior (TPB) to guide their
interventions reported higher effect size (odds ratio =4.63)
compared to another RCT [17] (odds ratio=1.10) that did
not have any theoretical support. This finding is in line with
other mental health studies and wider health conditions sup-
porting the use of theory-based interventions to improve
medication adherence [52,53].

Another area that needs more attention in adherence
research in ADHD is the consideration of drug holidays
(planned suspension of medication for a defined period of
time). Drug holidays in ADHD are common as patients/parents
are often advised or may decide not to take medications over
a holiday period or vacation [54]. Current literature does not
take into account drug holidays when assessing the impact of
an intervention to improve medication adherence. This may
result in an overestimation of non-adherence to medication

and may not reflect the true impact of an intervention. Future
research should consider drug holidays when assessing the
impact of interventions to improve medication adherence.

The findings of this study should be interpreted in light of
some limitations. First, despite using a thorough search strat-
egy, we cannot ignore the possibility of missing out on poten-
tial studies. Second, due to the heterogeneity of the study
design, we were not able to pool all the studies together.
Rather, we pooled randomized trials and non-randomized
studies separately, which limited the number of studies in
each pool. Studies were limited in number and heterogeneous
in terms of the definition of adherence and type of interven-
tions (educational, behavioural, affective), which further war-
rants cautious interpretation of the results. For example,
educational and behavioural interventions were pooled
together that may vary in their mechanism of action, delivery,
and effectiveness, which could potentially influence the over-
all effect estimates. The percentage of variation across studies
that is due to heterogeneity (1?) should be interpreted with
caution due to the potential inclusion of studies with a lower
sample size. Due to a limited number of studies in each pool,
we were not able to conduct sub-group analyses, which may
limit the generalizability of the findings. Third, it is common to
exclude studies from meta-analysis due to a lack of required
data, as in this study. For example, studies that did not report
the number of people who adhered to medication in the
intervention and control group were excluded from the
meta-analysis.

We categorized the interventions broadly into four groups;
educational, behavioural, affective, and multifaceted, as discussed
in the methods section. Although we used a set definition for each
type of intervention, there is a possibility that elements of one type
of intervention (such as educational intervention) might have been
used to deliver the other types of interventions (such as beha-
vioural and affective) and were not explicitly mentioned in the
reviewed studies. The cross-over of intervention components that
were not explicitly mentioned in the reviewed studies was not
accounted for in this review. Most studies included in this review
did not provide adherence data based on the type of medication.
Therefore, we could not analyze adherence and the impact of
intervention based on the type of medication. Lastly, we also
observed publication bias that could mainly result from reporting
bias as researchers tend to publish statistically significant positive
results and ignore studies with negative results (or smaller studies)
as the nature and direction of results influence them [55]. However,
publication bias is only one of several possible explanations for
funnel-plot asymmetry [56].

5. Conclusions

The present review identified a range of interventions aimed at
improving adherence to ADHD medications. However, due to wide
heterogeneity and lack of consideration of phase-specific factors, it
is difficult to predict if any intervention is better than the other
interventions. Our findings highlight the need for designing inter-
ventions focusing on different phases of adherence (initiation/
implementation/discontinuation) and targeting a specific group
of people (younger children, adolescents, adults, parents), allowing
better comparisons between interventions and their outcomes.



Future research should also strive to minimize methodological
heterogeneity by developing a consensus on study design and
the use of adherence measures. Meanwhile, clinicians may con-
sider individual needs and preferences and choose interventions
that are multifaceted and delivered over a longer period consider-
ing phase-specific factors to improve the effectiveness and sustain-
ability of the intervention.
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