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Abstract

Low medication-adherence and persistence may reduce the effectiveness of ADHD-medication. This
preregistered systematic review (PROSPERO CRD42020218654) on medication-adherence and
persistence in children and adolescents with ADHD focuses on clinically relevant questions and extends
previous reviews by including additional studies. We included a total of n=66 studies. There was a lack
of consistency in the measurement of adherence/persistence between studies. Pooling the medication
possession ratios (MPR) and using the most common adherence definition (MPR>80%) indicated that
only 22.9% of participants had good adherence at 12-month follow-up. Treatment persistence on
medication measured by treatment duration during a 12-month follow-up averaged 170 days (5.6
months). Our findings indicate that medication-adherence and persistence among youth with ADHD are
generally poor and have not changed in recent years. Clinicians need to be aware that various factors
may contribute to poor adherence/persistence and that long-acting stimulants and psychoeducational
programs may help to improve adherence/persistence. However, the evidence to whether better

adherence/persistence contributes to better long-term outcomes is limited and requires further research.

Keywords: adherence, persistence, ADHD medication, systematic literature review, children,

adolescents



1. Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a common neurodevelopmental condition, with an
estimated average prevalence rate of 5.2% among school-age children worldwide [1]. ADHD often
persists into adulthood [2] and is associated with negative impacts on multiple domains, including peer
interactions, academic performance, productivity at work, social and family adjustment [3], employment
rate and income [4]. Furthermore, ADHD is associated with high rates of several somatic and psychiatric
comorbidities [5, 6] and increased mortality [7]. Effective treatments can prevent or mitigate these
adverse outcomes, with medication being a key intervention [8-10]. Meta-analyses of controlled studies
of short-term treatment of children, adolescents, and adults with stimulant medication demonstrate large
reduction of ADHD symptoms [11], less functional impairment, and better quality of life [12]. Longer-
term benefits are less clear and the reasons for this remain a topic of debate [13, 14].

Medications should be used regularly and as prescribed since poor adherence to and low persistence of
treatment can reduce the effectiveness of medication [15]. Medication-adherence describes the extent to
which a patient follows the agreed-upon clinical recommendations about the timing, dosage, and
frequency of medications [15]. Research into adherence to ADHD medication is complicated by
different approaches to operationalize adherence (for details see table S1, supplementary material).
Adherence is most often measured continuously reflecting the frequency of medication use defined as a
percentage of days treated across an interval of time (i.e., from 0% to 100%) [16]. For observational
follow-up studies, adherence may be specified as the percentage of days between assessments when
medication was used. In prescription record studies, adherence is usually reported as the Medication
Possession Ratio (MPR) or the Daily Possession Ratio (DPR) calculated as the total days’ medication
supply divided by the number of days between prescription refills [17]. Other authors have considered
adherence as a category, and applied a cut-off as to whether an individual is “adherent or non-adherent”
[18].

Persistence is usually described as a continuous variable reflecting a period of continued medication use
from the point of initiation to the end of the observation period. This is based on a definition of
“uninterrupted adequate medication use”, with allowance for permissible gaps, which for prescriptions
refills is typically set by the number of days beyond the date when the medication supplied would be
consumed if taken as prescribed (e.g., 30 or 45 days) and represents an MPR < 1.0 (e.g., 0.8 or 0.7) [17,
19]. When the patient renews the prescription within the allowable gap, the patient is considered
adherent (based on the assumed frequency of taking medication between prescriptions) and treatment
as persistent (based on the number of refills of prescriptions without exceeding the permissible gap).
Please note that the terms adherence and persistence are sometimes used interchangeably [16], however,
they represent two different concepts, and persistent medication use does not necessarily mean adherent
medication use. Therefore, patients who regularly skip doses may be considered non-adherent but

persistent and continue treatment for the period indicated by their clinician [20].



Two systematic reviews on the topic of medication adherence and persistence in ADHD were published
in 2013-2014 [17, 21]: The first review by Ahmed and Alsani [21] included nineteen studies; their
inclusion criteria in relation to ADHD diagnosis and adherence/persistence definition were much stricter
than the second review by Gajria et al. [17] that included a much larger set of 127 articles. Of the nineteen
articles included in the review by Ahmed and Alsani fifteen were also included in Gajria et al. Both
reviews concluded that adherence and persistence are poor in patients with ADHD and that several
independent variables (most importantly tolerability, but also lack of symptom control, dosing
inconvenience, social stigma, poor family support and patient’s attitudes) might influence adherence
and persistence. Further, both reviews identified significant differences across studies in the definitions
of adherence and persistence, the methods used to measure these complex concepts, and underlined that
the long-term consequences of poor adherence and persistence required further research [17, 21-23].
These previous reviews, however, were limited by the fact that they included studies without a clear
definition of adherence/persistence, included studies on patients without a clear diagnosis of ADHD, or
did not consider data from randomized controlled trials with follow up periods (for details see table S2,

supplementary material).

1.1 The current study

The current study presents an updated systematic review of ADHD medication adherence and
persistence in children and adolescents. Our review considered all the studies identified by the two
previous reviews mentioned above as well as randomized controlled trials with long follow up periods.
Moreover, we extend previous reviews by including additional studies published over the period 2014-
2022. We focus specifically on the age group of children and adolescents (<18 years), based on the
assumption that clinically relevant aspects of adherence and persistence in this age group might differ
significantly from those in adults. In contrast to previous reviews, we use a less restrictive search strategy
in terms of study designs (e.g. also including data from RCTs). Based on the results of this review, we

aim to address the following questions:

1) What are the estimated rates of ADHD medication adherence and persistence in children
and adolescents, and have these changed over the past 50 years?

2) Does adherence differ between different formulations (e.g., Immediate Release (IR) versus
Extended Release (ER)) and class (e.g., methylphenidate, amphetamine, non-stimulants) of
medication?

3) What factors predict ADHD medication adherence and persistence specifically in this age
group and what needs to be considered by clinicians working with children and
adolescents?

4) How many patients have brief/little or no medication use after it is prescribed? And how

many patients have repeated episodes of sporadic medication use?



5) What interventions might enhance treatment adherence in this specific group of patients?
6) Is medication adherence and persistence in children and adolescents with ADHD related
to better long-term outcomes?
Finally, this review aims to make recommendations as to how adherence and persistence should be
operationalized and measured in future studies and what should be next steps to take in this field of

research.

The study was registered to the PROSPERO register on 9" December 2020 (CRD42020218654).



2. Methods
2.1 Search

A systematic literature review was initially performed on 28" January 2020, by searching six main
electronic databases using Healthcare Databases Advanced Search (HDAS); MedLine including In-
Process and Other Non-Indexed Citations, (January 1946—January 2020); EMBASE (January 1974—
January 2020); PsycINFO (January 1806— January 2020); PubMed, CINAHL, AMED (January 1985—
January 2020); and Cochrane Database of Systematic Reviews (January 2005— January 2020). As the
review process was temporarily interrupted because of the COVID-19 pandemic, the search was updated
on 31* December 2021 (first update) and on 23" May 2023 (second update). The search terms used are

shown in table S3, supplementary material.

2.2 Screening

Publications were screened at two levels. First, inclusion/exclusion criteria were applied at the title and
abstract level. Second, the full text of those passing through the initial screen were retrieved and reviewed
against the selection criteria. If excluded at this stage the reason for their exclusion was recorded for each
article failing the second level of screening. Two authors from the writing group conducted the screenings
independently, and a third researcher was consulted to arbitrate disagreements over study inclusions when
needed. To ensure all relevant studies were included, original studies identified by prior reviews were
retrieved and examined to identify any additional original studies previously not included. Similarly,

multiple publications and kin studies were identified to avoid duplication.

2.3 Inclusion/exclusion criteria

Original publications retrieved from the search were screened, and studies were included if they met the

following criteria:

1)  Participants under the age of 18 years.

2) A diagnosis of ADHD of any subtype (DSM-defined ADHD or ICD-defined hyperkinetic
disorder, as well as historic alternative diagnostic labels; we excluded minimal brain
dysfunction). There was no restriction on ADHD subtype/presentation, gender, 1Q or
socioeconomic status of participants. As for comorbidities, we also included studies in which
some, or all, participants had psychiatric or neurological comorbidities (except genetic

syndromes). Pharmacological treatments for these comorbidities were allowed.



3)

4)

5)

Prescription ~ of  stimulants  (methylphenidate, = amphetamines, = dexamphetamine,
lisdexamphetamine, pemoline) or non-stimulants (atomoxetine, guanfacine, clonidine) or any
medication for ADHD (regardless of the treatment duration).

At least one outcome reporting treatment adherence, treatment compliance or treatment
persistence. A definition of treatment adherence, treatment compliance or treatment
persistence was provided, or in those studies where the definition was not clear the authors
clearly stated how adherence/compliance/persistence was assessed.

Given the lack of randomized controlled trials (RCTs) with adequate systematic data on treatment
adherence/compliance/persistence, open-label and double-blinded study designs without a

control group were also included.

The following studies were excluded:

1))
2)

3)
4)

Studies not written in English.

Studies that included children/adolescents and adults, without a clear description of data/results
in the first group.

Previous reviews and meta-analyses, conference abstracts, study protocols, dissertation abstracts.

Studies reporting only on discontinuation rates.

Our review followed the reporting guidelines recommended by Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA) (http://www.prisma-statement.org/) (see figure 1).



FIGURE 1: PRISMA chart

IDENTIFICATION

-Records identified through database searching
e Medline 184 (+2)
e Embase 298 (+41)
e  Psychinfo 150 (+4)
e CINAHL 88 (+22)
e AMED 2 (+0)
e Pubmed 1598 (+0)
e Cochrane 32 (+0)
TOTAL: 2352 (updates: +69, +49)

-Articles identified in previous reviews and meta-analyses:

17

SCREENING

ELEGIBILITY

INCLUDED

Records screened after removing
duplicates

N=1845 (+ 17) (updates: +69, +49)

Full text articles assessed for
eligibility

Records excluded: N=507

-Not relevant publication type
-Adult population

-No ADHD diagnosis

-No adherence/persistence rates

N=112 (+ 17) (updates: +7,+2)

|

Studies included for data extraction

N=60 (updates: +4, +2) = 66

Records excluded: N=1733 (+62, +47)
-Not a relevant publication type

-Adult population
-No ADHD diagnosis
-No adherence/persistence rates

Records excluded: N=69 (+3)
-Not a relevant publication type

-Adult population
-No ADHD diagnosis
-No adherence/persistence rates
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2.4 Data extraction

Data was extracted from original research articles meeting the selection criteria, which included
publication details, adherence/persistence definition, method/s used, and adherence/persistence rates

(see table S4, supplementary material).

2.5 Data synthesis

Data were synthesized to explore the consistency of adherence and persistence definitions and the
methods used to measure these concepts. A qualitative summary was constructed for estimates of
adherence/persistence from the studies included. Data were synthesized for the following outcomes: 1)
country; 2) sample size; 3) participants age; 4) study type; 5) type of ADHD medication; 6)
adherence/persistence measures; 7) adherence/persistence definitions; 8) results. Following previous
literature, adherence was expressed using the MPR/DPR, and it was calculated as the ratio of time
(number of days) covered when medication was taken as recommended by the prescriber, divided by
the time between subsequent prescriptions. The percentage was given as a continuous variable (%),
and/or as a dichotomous variable (e.g., “good” or “poor” adherence), depending on what was stated in
each study [16]. Persistence was defined as the time from initiation until discontinuation [16], or the
time taking the medication without exceeding permissible gaps. Prescription gap represented gaps in
medication supplies during a defined period following a prescription. The study length was specified as
the time between the earliest and the latest dates of prescriptions in the databases. Within a study period,
a patient can have one single treatment episode, or multiple episodes. For each episode, a delay before
treatment initiation can be observed. Persistence represents the time between the first initiation and the
last cessation (when all the episodes are considered), or the duration of the first episode (when only the

first episode duration is considered).

A quantitative analysis was performed using data from subsets of studies that had common definitions
for adherence and persistence and that implemented comparable measure methods (i.e., had common
frequency cut-offs and follow-up periods). For various patient subgroups, pooled estimates of treatment
duration were calculated as the weighted average across studies by sample size. These pooled estimates
were then compared by medication class (stimulants versus nonstimulants) and formulation (long-acting

versus short-acting).
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3. Results

The initial search identified a total of 2,352 citations. The first full-text extraction identified 60
publications meeting all selection criteria. The updated search identified an additional 69 articles, with
four additional articles meeting inclusion criteria. The second updated search identified further 49

articles, with two additional articles meeting inclusion criteria (see figure 1).

The final list of the 66 original studies included in this review and the outcomes for each study are shown
in the supplementary material (table S4). Of these 66 studies, 31 were published 2014 and later, and
therefore after the systematic reviews by Gajria et al. [17] and Ahmed and Aslani [21].

3.1 Description of the included studies

Thirty-four papers described retrospective studies of databases from health insurance registries, drug
registries or medical records. The other 32 were prospective studies. Most of these used data from direct
questioning of patients/parents or clinicians, four used pills counting [24-27] and two used a medication

event monitoring system (MEMS) [26, 28].

Thirty-eight studies focused on medication adherence, 18 studies measured persistence, and ten studies
reported data on both, adherence, and persistence. Study duration, definitions of adherence and
persistence, and measurement methods varied considerably across studies. The study length for
prospective studies measuring medication adherence varied from 1 week [28] to 50 months [29]; the
most common follow-up period across 12 studies was of 12 months. Adherence was reported as a
continuous measure of adherence on a scale from 0 to 1 by some authors [30-35]. However, other studies
used a categorical definition of treatment adherence using a threshold of >0.80 [24, 26, 30, 36-44] or
>0.70 [32, 42, 45-48].

Most studies on medication persistence reported “persistence” as treatment duration or the time during
which patients remained on the initial ADHD therapy from the date they initially started it until
discontinuation. There were, however, significant differences in the permissible gap length, which
varied from 14 days [49] to 180 days [50-52]. Studies in which adherence was measured used different
methods for this purpose. Sometimes different measurement methods were used within one study. For
instance, Charach et al. [28] found similar adherence rates from semi-structured phone interviews and
MEMS. Yang et al. [26] who compared three different methods to measure adherence found that
estimates of adherence rates were higher for pill counts than for MEMS or patient’s or clinician’s report.
In the Multimodal Treatment for ADHD (MTA) study, adherence was assessed using saliva tests and

parent reports. The comparison showed higher adherence rates in parent report compared to adherence
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based on saliva test [39, 53, 54]. Fried et al. [55] compared data from electronic medical records (EMR)
and an innovative SMS text messaging system individualized for patients initiating stimulant medication

[56] and reported higher adherence estimated by SMS than EMR.

Overall, this review found considerable heterogeneity across different studies, which used different
methods to measure adherence and persistence and to report outcomes. Similarly, substantial differences
in medication classes across the studies were observed. Some studies examined adherence and
persistence rates among stimulant and non-stimulant users, whereas 20 studies reported adherence and
persistence rates for stimulants only [25-28, 32, 33, 36, 39, 40, 57-68]. One study reported results for

non-stimulants only [69].

3.2 Quantitative and qualitative review and key questions:

A summary of the current evidence found for the questions mentioned above is presented here. More

detailed responses are found in the supplementary material.

3.2.1 What are the estimated rates of ADHD medication adherence and persistence in children and

adolescents, and have these changed over the past 50 years?
3.2.1.1 Adherence

Considering all available studies on ADHD-medication adherence in children and adolescents we found
adherence rates between 15% and 100% (with very high rates of adherence in small sample trials and
mostly very short observation periods; for details see table S4). As mentioned above, study length for
prospective studies varied significantly, with the most common follow up period of twelve months. For
patients who remained in study, reported adherence rates at twelve months ranged between 21.8% [70]
10 93.9% [71] for stimulants, and from 54.9% [69] to 88.0% [71] for atomoxetine. However, these results
were based on different assessment-methods and on different definitions of adherence. The most used
definition of adherence was categorical, with adherence defined as medication possession ratios (MPR)
of >80%. Figure 2 summarizes the rates of ‘good’ adherence (=MPR >0.80) according to the time at

which it was measured in different studies.

FIGURE 2: ADHD medication adherence rates in percentage (adherence defined as MRP>0.80) across
studies at different time points. (MRP=Medication Possession Ratio).
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Pooling the medication possession ratio (MPR) findings from the three studies (one included MPH only
and two combined stimulant and non-stimulant medications) that measured adherence over a 12-month
period [30, 40, 42] and used the most common adherence definition (MPR>80%) indicated that 22.9%

of participants were adherent at 1 year follow up (see table 1).

TABLE 1: ADHD medication adherence after 12 months across studies using the same definition of

adherence (adherence = MPR>80%)

Study Hodgkins 2011 Hong 2014 Hong 2016
Sample size 3614 300 15133
Adherence rate after 12 39.5 % 47.3% 18.48 %
months

Pooled adherence rate 22.92%

MPR: Medication Possession Ratio

3.2.1.2 Persistence

Definitions of persistence also varied within the different studies. Most studies reported persistence as
treatment duration or the time during which patients remained on the initial ADHD therapy from the
moment they initially started it until they discontinued. However, there were significant differences in
the permissible gap length, which varied from 14 to 180 days [50-52]. Several studies reported

persistence rates at different time points summarized in Figure 3.
FIGURE 3: ADHD medication persistence rates in percentage across studies at different time points.

Eight studies in total employed the same definition of termination (a gap of at least 30 days in
prescription-filling activity) [20, 31, 44, 58, 59, 72-74]. Pooling of persistence estimates was feasible
for five of these studies that combined all types of medications [20, 44, 58, 72, 74], for four studies using
long-acting methylphenidate [31, 58, 59, 73], for two studies using short-acting methylphenidate [58,
59] and for two studies that used atomoxetine [31, 58]. Persistence ranged from 91.5 days (for short-
acting methylphenidate) to 170.6 days (when all the medications were combined); persistence was 154.1

days for long-acting MPH and 155.2 days for atomoxetine (for details see table 2).

14



TABLE 2: ADHD medication persistence in days across studies that used the same definition of

termination (=a gap of at least 30 days in prescription-filling activity)

2a. Persistence (days): ADHD medication overall

Study Raman 2015 Perwien 2004 | Palli 2012 | Bhang 2017 | Brinkman 2017
Sample size 1,314 715 4,6135 69,631 1,352
Mean days of persistence 321 200.9 97.83 216.9 110
Pooled persistence 170.63 days

2b. Persistence (days): long-acting methylphenidate
Study Christensen 2010 Marcus 2005 Palli 2012 Greven 2017
Sample size 21,386 3,444 3,3561 488
Mean days of persistence 232.39 140.30 104.96 203.2
Pooled persistence 154.12 days

2c. Persistence (days): short-acting methylphenidate
Study Palli 2012 Marcus 2005
Sample size 8,260 8,093
Mean days of persistence 79.97 103.4
Pooled persistence 91.56 days

2d. Persistence (days) atomoxetine
Study Christensen 2010 Greven 2017
Sample size 35123 486
Mean days of persistence 154.3 222
Pooled persistence 155.22 days
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Considering all available data, it remains difficult to determine whether adherent behaviour and/or
persistence of ADHD medication use had changed over the years. This literature search revealed only
two studies published before 2000 [25, 75], both of which reported relatively high adherence rates of
>67%. However, given the study designs and definitions of adherence in these studies, it becomes
obvious that these results cannot be compared with results from later studies (for details see table S4).
Although studies over the past two decades have consistently emphasized that lack of adherence was
and is a highly relevant clinical problem and frequently occurs, adherence and persistence rates are
mostly difficult to compare. When focusing on studies that took comparable approaches and used the
same definitions for adherence or persistence no clear trend indicating an increase or decrease of
adherence or persistence could be found. Furthermore, we found only two studies with a longitudinal
design trying to examine trends in adherence/persistence, reporting results trending in opposite
directions: Lambert et al. [64] reported a small decrease in persistence of medication use, defined as
duration of the first episode of use, in Australia from an average of 2.01 years during 1990 to 1999 to
1.79 years from 2000 to 2010. In contrast, in the UK Wong et al. [50] reported a 40% decrease in the

medication discontinuation rate comparing results from 1999 to 2003 to those from 2004 to 2006.

3.2.2 Does adherence and persistence differ between different formulations (e.g., Immediate Release
(IR) versus Extended Release (ER)) and class (e.g., methylphenidate, amphetamine, non-stimulants) of

medication?

Due to substantial differences in the definition of adherence or persistence and the methods used to
measure adherence, it is difficult to compare adherence and persistence across studies with respect to
different ADHD medications and formulations in an objective way. We found four studies [31, 37, 59,
76] comparing adherence and/or persistence of short acting (e.g. immediate release methylphenidate)
vs. long acting ADHD medication (e.g. extended release methylphenidate), and six studies comparing
different types of ADHD medication (four studies [20, 31, 36, 62] comparing different types of
psychostimulants including methylphenidate and dex-amphetamine, and three studies [30, 31, 77]
comparing stimulants vs. non-stimulants). As result of these comparisons, long-acting formulations
were found to be associated with better treatment adherence and persistence compared with short-acting
or immediate release agents. Furthermore, immediate-release methylphenidate and dex-amphetamine
seem to have similar rates of adherence and persistence. Regarding the comparison of adherence and
persistence between stimulants and non-stimulants, there was one study suggesting that persistence with
non-stimulants is lower than with stimulant and two studies comparing stimulants and atomoxetine with
divergent results not allowing clear conclusions. In addition, several studies showed that multiple
administrations per day of ADHD medication is associated with lower adherence and persistence [57,

60, 61]. More details about the different findings and studies can be found in table S6.

16



iii) What factors predict ADHD medication-adherence and persistence specifically in this age

group and what needs to be considered by clinicians working with these patients?

We found a range of studies that identified factors associated with improved or poorer medication-
adherence or persistence in ADHD. In addition to single findings, there were multiple replicated
findings, but also studies with contradictory results. Table 3 gives an overview of factors affecting
treatment adherence, more detailed information on the different studies and findings is given in Table
S11. Several studies [24, 30, 36, 37, 52, 57-59, 68, 72, 77, 78] showed that adherence and persistence
are reduced in adolescents compared with children, supporting the hypothesis that clinicians should pay
particular attention to adolescent patient groups in this respect. In addition, some studies found that
patients' subjective attitudes and health beliefs are relevant, and, experience of stigma, a less trustful
doctor-patient relationship and low family support are associated with lower adherence [29, 50, 79-81].
Oppositional defiant disorder (ODD) as a common comorbidity of ADHD was associated with lower
adherence in some studies [46, 57, 82], whereas some other comorbidities, such as learning disabilities,
anxiety and pervasive developmental disorders were associated with better adherence possibly due to a
closer monitoring [24, 28, 38, 46, 58, 82]. Single studies showed associations between barriers to access
treatment services and less specific care with lower adherence [62, 83-86], and between lower
socioeconomic status and lower adherence and persistence [34, 87]. For instance treatment provided by
ADHD specialists (e.g. child psychiatrists) rather than by community primary care providers seemed to
have a positive effect on treatment adherence, possibly because specialists were more able to provide a
close titration and careful monitoring of ADHD medications. As stated earlier, complex treatment
regimens (especially taking multiple tablets per day) were also associated with lower adherence, as was
low treatment response [24, 50, 57]. Some studies suggest female gender to be a factor associated with
better treatment adherence, but the data so far is inconsistent with some other studies suggesting male
gender to be associated to better rates [24, 50, 64]. Furthermore, surveys among treatment providers in
different countries suggest that differences in country comparisons must also be assumed and regional

differences considered (see table S11).
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TABLE 3: Factors affecting treatment adherence

Patient-related factors Younger age at treatment onset

Comorbid ODD

Lower 1Q

Family-related factors Poor family support, impaired family dynamic

Family history of ADHD

Lower socioeconomic status

Medication-related factors Long acting formulations

Multiple dosing

Ineffectiveness and side effects

Other factors Negative opinion about medication

Perceived stigma

Less trustful physician-patient relationship

Treatment provided by (ADHD) specialists

ODD = Oppositional Defiant Disorder; IQ = Intelligence Quotient; ADHD= Attention Deficit
Hyperactivity Disorder

Factor related to increased medication adherence

Factor related to reduced medication adherence

More detailed information including references of all studies providing supporting evidence, can be
found in the supplementary material (Table S11)
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iv) How many patients have brief/little or no medication use after it is prescribed? And how many

patients have repeated episodes of sporadic medication use?

We found a number of studies [72, 88-91] from different countries reporting on rates of little or brief
medication use in ADHD patients (table S7). The proportion of patients with brief medication use in
these studies varied between 20.9% and 78%, with most studies showing that about 50% used ADHD
medication for a short period only. However, definitions of “short” or "brief” medication use differed
considerably across studies. Most commonly, medication use of less than one year was defined as "brief
use". However, studies were also found that defined “brief use” as the use of less than 6 months or even

less than 90 days. Detailed information on the studies and their outcomes can be found in table S7.

When considering studies that examined medication adherence and/or persistence over the long-term, it
is particularly important to consider whether patients with short/brief medication use were included and
considered for the analysis of the data. Since the proportion of patients with brief medication use seems
high, long-term observational studies including these patients result in much higher rates of non-
adherence. A comparison of long-term observations in which patients with brief medication use were

included and those in which they were excluded can be found in table S8.

Repeated episodes of starting and stopping medication use can also distort overall estimates of adherence
and persistence in follow-up studies that assess use over time in different individuals, since the
percentage of cases being treated at each assessment point mixes cases with different patterns of starting

and stopping medication.

Studies of prescription records for children in different countries [78, 92], observational follow-up
studies [46, 82], and the multi-site MTA study [87, 93], suggest that up to 40-50% of all cases have
sporadic use only. Further studies showed that a relevant proportion of patients (up to 30%) had multiple

treatment courses with typically significant gaps of three months or more in between [50, 72].

v) What interventions might enhance treatment adherence in this specific group of patients?

Although the search of this review was not primarily designed to seek studies that examined the
effectiveness of interventions to improve medication adherence in children and adolescents, we did find
many studies that described and/or examined such interventions/approaches. Table S12 gives an
overview of our findings. An important approach to improve medication adherence is psychoeducational
programs designed to provide patients and families with a comprehensive understanding of both ADHD
and ADHD medication. In this regard, several randomized controlled trials and one systematic review

were found, suggesting that such psychoeducational programs result in significant improvement in
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medication adherence compared with control groups (for details/references, see Table S12).
Furthermore, we found two randomized controlled trials investigating the effect of interventions with a
digital reminder function (via SMS and mobile phone application, respectively) showing that these
interventions were also helpful in improving medication adherence [27, 55]. Other approaches are less
well studied and are based more on clinical experience and the knowledge of factors that contribute to
poor adherence. In this context we found recommendations to improve adherent behavior in ADHD
patients by including youths as active participants in their own treatment decision and by following a

personalized treatment with regular contacts and a careful titration and monitoring of side effects.

vi) Is medication adherence and persistence in children and adolescents with ADHD related to

better long-term outcomes?

The question of whether improved adherence contributes to improved long-term outcomes is clinically
highly relevant, however, time data on this are extremely limited. A national survey involving children
with poor adherence who were switched to prolonged release methylphenidate showed that worse
adherence was associated with more severe ADHD symptoms [57]. Interestingly a systematic review
also found an association between suboptimal adherence and worse clinical outcomes [94]. However,
results from the MTA follow-up study do not support the hypothesis that better medication adherence
and/or persistence contribute to better long-term outcomes in ADHD. Although previous analyses of the
MTA showed that long-term persistent (defined as > 1 year) stimulant treatment was associated with
better outcomes compared to less persistent treatment, the positive effect of stimulant treatment
dissipated in the MTA follow-up phase, as patients moved from one initial group to the other, but
adjustment for current and history use of medication did not have a significant effect on extended long-

term outcome.
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Discussion

Our review of medication adherence and persistence in children and adolescents with ADHD found
adherence rates ranging from 100% to 15% (with the former based on a small sample and very short
observation period) and average persistence of 91.5 days for short-acting stimulants and 154.1 and 155.2
days for long-acting stimulants and atomoxetine, respectively. However, there was enormous variability
in definitions of adherence and persistence, methods of measuring adherence, and study designs. Our
quantitative analysis of medication adherence from studies with the most used definition of adherence
(MPR of >80%) and observation period (12 months), found that after one year, less than 23% of patients
showed good adherence. Overall, data show that medication adherence in children and adolescents with
ADHD must be considered very poor and persistence on average short.

Moreover, although comparability of data is very limited, results on ADHD medication adherence over
the last decades do not suggest that adherence has changed (improved or worsened) in any relevant way,
which underlines that adequate solutions for the issue of non-adherence in ADHD still have not been
found. Especially when interpreting data from prospective studies, the substantial number of patients
with brief or with sporadic medication use must be considered.

We found a variety of factors associated with better adherence and persistence including younger age,
using long-acting formulations and the presence of various comorbidities [21, 24, 57, 82]. Furthermore,
factors such as patients' personal attitudes toward treatment, beliefs about ADHD and ADHD
medications, the prescriber-patient relationship, and the amount of support from the patient's
environment also seem to be relevant and therefore need to be considered. The impact of gender

differences and the presence of comorbidities on adherence is still not sufficiently understood.

Since various factors may contribute to poor treatment adherence, different approaches/interventions
might help to improve it. In our review, we found the best evidence in this respect for psychoeducational
programs. In addition, a simple medication regimen (preferably a single dose per day) seems to
contribute to better overall adherence. Moreover, technology-based and digital interventions may be
helful. Overall, the current data suggest that clinicians should focus particularly on thorough
psychoeducation, regularly review adherence of all patients especially during the first months, consider
making use of reminder features for patients and individually examine reasons for poor adherence if any
evidence of lack of adherence should emerge during treatment. Psychoeducation has a special role in
this context, as it is an obligatory component of any ADHD therapy [8]. Overall psychoeducation
programs were found to be associated with several positive outcomes, including improvements in
medication-adherence, but also improvements in ADHD symptoms, patient’s behavior and parent and
child satisfaction [48, 95-98]. However, as van Langen et al. pointed out, psychoeducational programs
can use biomedical as well as psychosocial perspectives that sometimes result in internal conflicts

causing confusion, misrepresentation and decontextualization of ADHD [99].
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Overall, there are several elements of psychoeducation that can be considered important in terms of
treatment adherence and persistence. First, with regard to medication adherence, it seems helpful if
psychoeducation is based on a biopsychosocial and medical model of understanding mental disorders
and emphasizes the need for medication treatment in moderate to severe cases [96, 97]. Second,
psychoeducation programs should be conducted on the basis of mutual participation and understanding
between clinicians and participants, and not just as one-way instruction [100]. Finally, it may be helpful
to design psychoeducation as a structured multi-session intervention with a particular focus on treatment
options, adherence and compliance. It is helpful if both a practical and theoretical approach is offered to
help participants understand and empower them to deal with the symptoms and consequences of their

disorder [96, 97, 100].

In many ways, our results are consistent with those of former reviews [17, 21] on adherence and
persistence in ADHD, although these did not include recent studies, did not focus specifically on
children and adolescents, and differed from our review in terms of inclusion and exclusion criteria.
However, past reviews also showed medication adherence in children and adolescents with ADHD to
be low and persistence to be relatively short [17, 21]. In accordance with our findings previous reviews
also found that various factors may contribute to poor adherence and that in particular, long-acting
stimulants and psychoeducational programs can improve adherence and persistence to medication
overall. In general, it is recommended that clinicians should examine reasons for non-adherence
individually, especially considering that not only the efficacy and tolerability of medication can be
important for adherence, but also subjective attitudes, beliefs, health beliefs, and the influence of family
and peers. For this reason, it seems essential that clinicians invest enough time to establish a positive
physician-patient relationship and to sufficiently understand their patients' (and parents') attitudes and
views. Patients should be asked about any side effects, about their knowledge and opinions on
medication and whether they are happy to take them, as these questions can predispose to poor adherence
and/or persistence. Clinicians should also consider that indicators of poor adherence/persistence to
ADHD medications can be a resourceful tool to identify the group of young people who need specific

support and additional interventions.

In contrast to previous work, we also questioned whether lower adherence has relevant effects on long-
term outcomes and found that the evidence in this regard is inconsistent and very limited. Therefore,
future research on adherence in ADHD should further investigate this aspect by conducting long-term

observation studies.

Low adherence and persistence to medication are common not only in ADHD but also in many other

chronic disorders. Most extensively this issue has been studied in patients suffering from asthma, with
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studies suggesting that only about 50% of patients with asthma properly adhere to treatment [101]. Other
studies highlight that medication adherence for further serious medical conditions seems equally poor;
using a urinary assay to measure adherence, a study of children with leukemia found an average
adherence of 58% [102]. A systematic review of pediatric transplantation found that medication
adherence varied from 22 to 97% depending on the assessment methods between studies, with two thirds
of the studies that found adherence to be lower than 80% [103]. Another review demonstrated that the
prevalence of non-adherence measured by MEMS was 44% among children with acute lymphoblastic
leukemia, and that 47% of the relapses observed among children entering remission were attributable to
non-adherence [104]. Such findings illustrate that medication non-adherence in children and adolescents
is widespread in a wide variety of medical conditions. However, when comparing findings from somatic
disorders to the results of our review it is important to note that the consequences of suboptimal
adherence in many somatic disorders may be different, possibly in part more serious than in ADHD,
with sometimes life-threatening complications. Studies and reviews on medication adherence in patients
with diabetes for example have shown that non-adherence to diabetes-medication is not only associated
with poor glycemic control, but also clearly linked with increased emergency room visits, hospitalization
and mortality [105-110]. Medication non-adherence in patients suffering from epilepsy or asthma —
which was found to be especially poor in adolescents - was also found to be associated with mortality
and an increased risk of sudden death [111-115]. One may argue that untreated ADHD is also associated
with long-term negative consequences, a higher risk for accidents and premature death [7, 116],
however, it remains unclear whether suboptimal medication-adherence significantly increases these
risks compared to completely adherent behavior in the long-term.

Since the long-term consequences of suboptimal adherence in ADHD patients have not been well
enough studied, the question arises whether clinicians should not tolerate a certain degree of (partial)
non-adherence in patients with ADHD. Moreover, as the needs for ADHD medications may vary
considerably in each individual over time and depend on day-to-day requirements, it may be acceptable
for some patients to interrupt or reduce medication on certain occasions (e.g., weekends, school breaks
or when taking the medication could be problematic such as when visiting a party, or at certain sporting
events). In line with this, although some data suggest that long-term treatment with ADHD medications
is associated with positive outcomes [117], and medication adherence may contribute to this, future
studies should also examine whether some tolerance on the prescriber’s side for suboptimal adherence
may not be preferable and whether pragmatic, individualized solutions may not be better than striving

for complete adherence.

The present findings need to be interpreted in the context of some limitations. First, we showed that the
definitions of adherence and persistence as well as the methods to measure adherence varied
significantly which limits the comparability of study results and the possibility for meta-analytic

approaches. Second, the very common phenomenon of short-term or sporadic use of ADHD medications
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is considered and evaluated differently across studies, which in turn limits the comparability of these
study findings. Finally, even if our review intended to respond to several relevant questions that can be
paramount for the everyday practice, scientific evidence was limited in some of these questions and
therefore conclusions had to be extrapolated.

With regard to future research on medication adherence in children and adolescents with ADHD, further
prospective, observational studies are needed for which the following should be considered. Since
adherence and persistence are different concepts, both of which are highly relevant, studies should
ideally examine both. In addition, as an important number of cases have brief medication use and
discontinue medication during the first months or have bouts of medication use, it is important to ensure
a sufficient observation period of at least one year. Since there is no gold standard for the assessment of
adherence and different studies have shown that different methods can lead to different results, we
recommend a multi-measure approach, ideally including at least one so-called objective measurement
(for an overview of medication adherence measures and the different advantages and disadvantages, see
table S1, for more details also see Lam and Fresco[118]). Furthermore, the group of patients who
discontinue an effective medication after a very brief period of use should be further investigated to
better understand common reasons for early discontinuation and predictors for brief use. In addition, it

seems crucial to thoroughly investigate the impact of cultural and social factors (such as prevalent health
beliefs and stigmatization tendencies) and the healthcare landscape across different countries (including
medication availability, access to specialists, the frequency of outpatient visits) on adherence of patients
with ADHD. Finally, to evaluate the effects of interventions to improve medication adherence (see also
Parkin et al. [119]) further randomized controlled trials are needed. Considering that reasons for non-
adherence may significantly differ on an individual level most likely multiple different approaches that

are aiming to improve adherence and persistence may be needed.

Conclusion

The present systematic review shows that poor adherence and persistence to ADHD medication is
common in children and adolescents and has been maintained in the last 30 years. Clinicians should be
aware of that and monitor adherence and persistence carefully, especially during the first month of
treatment. We found various factors that may contribute to poor adherence or short persistence and
different approaches that may help to improve adherence and persistence overall. However, given the
complexity of the phenomenon, an individualized approach seems most promising. Moreover, further
research is required to investigate whether better adherence and longer persistence contribute to better

long-term outcomes.
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