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Abstract

Background Youth with asthma commonly have suboptimal adherence to inhaled corticoste-

roids (ICS). It is critical to systematically evaluate the effectiveness of ICS adherence promotion

interventions and discern which techniques are most effective. Objective This study aims to

(1) quantify the extent to which interventions improve ICS adherence in pediatric asthma, (2) ex-

plore differences in effect size estimates based on intervention and study characteristics, and (3)

characterize the risk of bias across interventions. Methods We conducted literature searches

across five databases. Included studies quantitatively measured ICS adherence as an intervention

outcome among youth (<18 years old) diagnosed with asthma and were published after 1997. We

analyzed aggregate effect sizes and moderator variables using random-effects models and charac-

terized risk of bias using the Cochrane Collaboration tool. Results Thirty-three unique studies

met inclusion criteria. At post-intervention, the aggregate effect size for pediatric ICS adherence

promotion interventions was small but significant (n¼ 33, g¼ 0.39, 95% confidence interval [CI] ¼
0.24–0.54); however, the aggregate effect size at follow-up was not statistically significant (n¼6,

g¼ 0.38, 95% CI ¼ �0.08 to 0.83). Method of adherence measurement and intervention format

were significant moderators. Most interventions had a high risk of performance bias and an unclear

risk of bias in one or more domains. Conclusions ICS adherence promotion interventions are ef-

fective among youth with asthma. Additional longitudinal research is needed to quantify a more

precise measure of intervention effectiveness over time, and moderators of intervention effective-

ness should be reassessed as the literature base expands.

Key words: adherence, adolescent, asthma, child, meta-analysis, self-management.

Introduction

Asthma-related morbidity has increased over the past
40 years despite the use of daily inhaled corticosteroids
(ICS) for those with persistent subtypes (Serebrisky &
Wiznia, 2019; Vrijens et al., 2016). ICS adherence is a

cornerstone of national guidelines (NAEPP, 2007);
however, youth take approximately half of their rec-
ommended ICS doses (McQuaid et al., 2003).
Suboptimal adherence is associated with more poorly
controlled asthma as well as increased risk of asthma
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exacerbations, school absenteeism, emergency room
visits, and mortality (Engelkes et al., 2015).

Rates of ICS adherence among youth have
remained low throughout the past two decades despite
the development of numerous interventions. Existing
interventions utilize a variety of approaches, ranging
from in-person to technology only to a combination of
the two; they also vary in number of contacts, include
different recipients, and occur in various settings (e.g.,
automated text message reminders for 30 days
[Kenyon et al., 2019] or a single in-person asthma day
camp for youth [Horner et al., 2016]). Examining
time-based trends among ICS adherence interventions
published between 1985 to 2012 demonstrates no sys-
tematic improvements in intervention effectiveness
(Bender, 2016). The persistently low ICS adherence
rates among youth prompted a recent editorial to de-
scribe the field of adherence research in pediatric
asthma as “stuck” (Bender, 2016). As such, it is criti-
cal to systematically evaluate the effectiveness of inter-
ventions to promote ICS adherence and discern which
techniques are most effective for encouraging behavior
change.

Prior meta-analyses indicate that adherence promo-
tion interventions across chronic illness populations
can effectively improve adherence to treatment regi-
mens (Graves et al., 2010; Kahana et al., 2008; Pai &
McGrady, 2014; Wu & Pai, 2014) as well as more dis-
tal health outcomes, including patient quality of life,
family functioning, and healthcare utilization rates
(McGrady et al., 2015). Two systematic reviews have
focused specifically on pediatric asthma; one reviewed
adherence interventions within a severe asthma popu-
lation (Boutopoulou et al., 2018) and the other exam-
ined digital interventions (Ramsey et al., 2020). Both
reviews suggested that interventions can improve ICS
adherence; however, these systematic reviews had nar-
rower scopes and their results may not be generaliz-
able to youth with non-severe asthma or to non-digital
interventions. Additionally, the authors provided nar-
rative summaries of the included studies, but did not
conduct quantitative analyses. There is still a need to
establish an effect size for general ICS adherence pro-
motion interventions in pediatric asthma that can help
the field power trials and evaluate the overall clinical
importance of available intervention technologies.

The purpose of the current meta-analysis is to
quantify the extent to which interventions improve
ICS adherence in pediatric asthma. Secondary aims in-
clude exploring differences in effect size estimates
based on intervention and study characteristics, in-
cluding the method of measuring adherence; partici-
pant age; intervention length, recipient, location,
target, and type; as well as treatment decay over time.
Our tertiary aim was to characterize the risk of bias
across adherence promotion interventions in pediatric

asthma. Findings from the current study will address a
crucial gap in the literature and provide empirical evi-
dence to inform the development of more effective ad-
herence promotion interventions within pediatric
asthma. Results will also help characterize the risk of
bias within existing interventions and inform recom-
mendations to improve the quality of future studies.

Methods

Literature Search and Article Selection
We conducted initial literature searches in August
2017 via PubMed/MEDLINE, PsycINFO, CINAHL,
Cochrane Central, and Web of Science with the assis-
tance of a research librarian. An updated search was
conducted in July 2019. Search terms included a com-
bination of the following keywords: asthma, interven-
tion, treatment, adherence, compliance, self-
management, and youth (see Supplementary Table
S1). Initial search results were limited to peer-
reviewed English-language publications spanning
youth with asthma aged birth through 17 years. We in-
cluded studies that quantitatively measured ICS adher-
ence as an intervention outcome; both randomized
controlled trials (RCTs) and non-RCTs were consid-
ered. We excluded articles that did not include an in-
tervention on adherence and/or self-management, did
not quantitatively assess ICS adherence, or did not
have adequate data to calculate a meaningful effect
size (e.g., dichotomous measures of adherence).
Dissertation studies, correlational studies, and review
articles were also excluded. To ensure results aligned
with current clinical practice guidelines (NAEPP,
2007), we excluded studies published before 1998.
More specifically, across all databases, initial searches
were limited to articles published from 1998 to
Present (August 2017) and updated searches included
those published from 2017 to Present (July 2019).

Two authors (A.F. and R.S.) double-screened an
initial 10 abstracts and were 100% in agreement re-
garding which records to include. The two authors
then independently screened abstracts and reviewed
full-text articles. Random number generation was
used to select 20% of the reviewed articles for double
coding. Interrater reliability for article inclusion was
97%. Discrepancies were resolved via discussion with
senior authors (D.F. and C.C.C.). We conducted for-
ward and backward citation searches on included
articles; this process involved reviewing the reference
list of each article as well as newer works that cited
each article.

We did not include studies with longitudinal
follow-ups of previously published studies in the ag-
gregate post-intervention analyses. Instead, we exam-
ined these as moderators of the effect of intervention
follow-up length as well as in the aggregate follow-up
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analyses. We chose the most stringent intervention
comparison group for studies with multiple treatment

arms (e.g., chose education-only attention-control
groups as the comparator over usual care groups) due

to limitations of the software used for analyses.

Data Extraction and Analysis Plan
Extraction Procedures
We created a standardized codebook based on review
of extant literature; the codebook was not previously

piloted. Using this codebook, three authors (A.F.,
R.S., and A.O.) extracted participant, study, and inter-

vention characteristics from all included articles. We
double coded each article and resolved disagreements

through discussion with senior authors (D.F. and
C.C.C.) until we achieved 100% agreement. Extracted

study and intervention characteristics included brief
descriptions of the study design, intervention, control

group, intervention frequency and length, intervention
participants (e.g., child, caregiver, or provider), and

main adherence findings. Extracted sample character-
istics included sample size, sex, race, ethnicity, and

age (M, SD, and range). We prioritized extracting
sample-wide demographics; however, if that data

were not available, we reported the characteristics of
the intervention group. We combined sex and gender

into one category and dichotomized sex as male or fe-
male unless otherwise stated; therefore, if a study only

reported the percent of the sample that was male, we
assumed the remaining portion was female. Although

we extracted race and ethnicity separately, we
reported this as racial/ethnic majority due to the lim-

ited studies that provided both the race and ethnicity
of their sample. Overlapping samples were identified

based on study characteristics (e.g., inclusion criteria,
intervention description, number of participants),
shared authors, and references to prior publications.

We extracted data exclusively from the included
articles and did not contact authors to supply missing

data due to time constraints. We followed the
PRISMA checklist (see Supplementary Table S2).

Outcome Extraction
We extracted and coded variables measuring ICS ad-
herence as an outcome of an intervention designed to

impact adherence (specifically) or asthma self-
management (broadly). Outcomes included ordinal

and continuous measures of adherence (i.e., percent
adherence over time). Dichotomous measures of ad-

herence (i.e., percent of participants who were above
an ICS adherence threshold) were not included be-

cause this measurement method did not enable us to
assess effect magnitude.

Aggregate Effect Size Calculation
We used statistical results that were reported as, or
could be converted into, standardized mean difference
values in analyses (e.g., p-values, F statistics, t tests,
sample sizes, and nonparametric tests). A random
effects model was tested using Comprehensive Meta-
Analysis, version 2.2.064 (Biostat Inc.). We examined
the overall effectiveness of interventions across studies
at post-intervention (i.e., pre-intervention to immedi-
ately following intervention) and follow-up (i.e., pre-
intervention to the furthest timepoint after post-
intervention). Effect sizes were expressed as a stan-
dardized mean difference (i.e., Hedges g), where 0.20–
0.49, 0.50–0.79, and �0.80 were interpreted as small,
medium, and large effects, respectively (Cohen, 1988;
Hedges, 1981). We also quantified the amount of het-
erogeneity and systematic variability in effect sizes be-
tween studies (e.g., Q).

Moderator Coding and Analysis
Three authors (A.F., R.S., and A.O.) double coded a
priori moderator variables. We coded a total of 10
moderators. Categorical moderators (n¼9) included
intervention type (education only or other), interven-
tion target (adherence as a primary or secondary out-
come), intervention format (in-person only, combined
in-person plus technology-assisted, or technology
only), intervention location (single setting or multiple
settings), intervention length (single session or multi-
ple sessions), caregiver involvement in the intervention
(yes or no), provider involvement in the intervention
(yes or no), child age (early childhood, school-aged, or
adolescent), and type of adherence measurement (sub-
jective report, electronic monitoring, or pharmacy
data). Moderators were chosen based on review of ex-
tant literature, which included established relation-
ships between developmental characteristics and ICS
use (McQuaid et al., 2003), the emergence of new
areas of research (i.e., technology-based interventions;
Ramsey et al., 2020) and support for specific interven-
tion components (Kahana et al., 2008). We dichoto-
mized moderators to increase interpretability of
findings. We measured intervention decay over time
continuously via length of time since intervention. We
assessed moderator variables using the random effects
analog to Lipsey and Wilson’s (2001) analysis of vari-
ance technique. We entered continuous moderators
into a fixed effect meta-regression. We initially
intended to compare the effectiveness of interventions
across early childhood, school-age, and adolescence
subgroups. However, we deviated from our planned
protocol and collapsed early childhood (n¼3) and
school age (n¼ 18) into a single preadolescence sub-
group to increase the power of detecting differences
from the adolescence subgroup (n¼ 8).
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Risk of Bias and Fail-Safe N
We assessed risk of bias via the Cochrane
Collaboration risk of bias tool (Higgins et al., 2019),
which categorizes risk based on (1) selection bias due
to random sequence generation and allocation con-
cealment, (2) performance bias due to blinding of par-
ticipants and personnel, (3) detection bias due to
blinding of outcome assessment, (4) attrition bias due
to completeness of outcome data, and (5) reporting
bias due to selective reporting. We assigned categori-
cal risk ratings of high, unclear, or low for each do-
main. In accordance with published recommendations
(Higgins et al., 2019), we calculated risk of selection
and reporting bias at the study level. Risk of perfor-
mance, detection, and attrition bias were assessed at
the adherence outcome level for each study. Two
authors (A.F. and R.S.) conducted initial risk of bias
screening; we resolved disagreements through discus-
sion with senior authors (D.F. and C.C.C.). We pro-
vided a narrative summary of findings across studies;
however, we included all articles that met inclusion
criteria in our analysis, regardless of risk of bias, given
that risk of bias is often high among pediatric clinical
trials (Crocetti et al., 2010). We also calculated a fail-
safe number given that, for a variety of reasons, some
studies that contain null findings may not appear in
published literature (Rosenthal, 1979).

Results

Studies Retrieved
We identified 6651 records through database searches.
After removal of duplicates, 4290 records remained.
From this, we screened 299 articles for full-text re-
view. Thirty articles met inclusion criteria. We con-
ducted forwards/backwards searches, which yielded
an additional five articles. The final sample consisted
of 35 articles representing 33 unique studies (see
Figure 1). Two articles (Hederos et al., 2009; Naar et
al., 2018) presented longitudinal follow-up of previ-
ously published studies (Hederos et al., 2005; Naar-
King et al., 2014).

Participant, Study, and Intervention
Characteristics
Of the 33 unique studies, 28 studies utilized an RCT
design, two used pre-post study designs, and others
employed longitudinal crossover (n¼ 1), non-
randomized experimental versus control (n¼ 1), or
two-sample comparison designs (n¼ 1). The most
common control groups were usual care (n¼ 14),
asthma education (n¼ 9), and attention control
(n¼ 8). Three studies (Duncan et al., 2013; Horner et
al., 2016; Otsuki et al., 2009) contained three treat-
ment arms. We analyzed data from 4469 participants
across 33 studies. The median sample size was 78

(range ¼ 8 to 899). Participant age ranged from
3 months to 22 years old; most samples (62.1%) had
an average age between 6 and 12 years old. Of partici-
pants with reported sex, 2806 (58.8%) were male.
Seven studies (21.2%) did not describe the race or eth-
nicity of their sample. Of participants with reported
race or ethnicity, 1871 (44.3%) were Black/African
American, 1026 (24.3%) were White/Caucasian, 489
(11.6%) were Hispanic/Latino, 365 (8.6%) were
Dutch, 54 (1.3%) were Asian, and 419 (9.9%) were

Figure 1. PRISMA flow diagram. PRISMA flowchart detail-
ing process of study selection.

aAbstracts not published in English or peer-reviewed journals, that did not in-

clude youth with asthma, and that did not describe a self-management inter-

vention or measure ICS adherence were excluded. bTwo articles presented

longitudinal follow-up of previously published studies.
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another racial or ethnic group or not described.
Broadly, the most common interventions included
asthma education (n¼10), technology feedback/elec-
tronic monitoring (n¼ 4), text message-based asthma
management reminders (n¼ 4), spirometry/peak flow
monitoring reports (n¼ 2), parental support group
meetings (n¼2), written action plans (n¼2), and
multisystemic therapy (n¼2). See Table I for study
and participant characteristics.

Aggregate Effect Size
The aggregate post-intervention effect size for pediat-
ric adherence promotion interventions was small, but
significant (n¼ 33, g¼ 0.39, SE ¼ 0.08, 95% confi-
dence interval [CI] ¼ 0.24–0.54) as displayed in
Figure 2. However, we observed significant heteroge-
neity in the effect sizes (Q¼216.73, p < .001), which
suggests that potential moderators of intervention ef-
fectiveness can be analyzed. A small portion of studies
also included a follow-up period (n¼ 6); however, the
overall effect was not statistically significant (g¼0.38,
SE ¼ 0.23, 95% CI ¼ �0.08 to 0.83).

Coded Moderators
Supplementary Table S3 presents potential modera-
tors of intervention effectiveness for each study. Table
II provides the aggregate effect sizes within each mod-
erator subgroup. Adherence measurement emerged as
a significant moderator in the random effects analysis
(Q¼ 8.34, p¼ .02). Interventions utilizing electronic
measurements yielded significantly larger aggregate ef-
fect sizes (n¼13, Cohen d¼ 0.80, 95% CI ¼ 0.41–
1.19) than those using pharmacy refills (n¼6, Cohen
d¼0.10, 95% CI ¼ �0.20 to 0.40) and subjective re-
port (n¼8, Cohen d¼ 0.24, 95% CI ¼ 0.08–0.40).
Intervention format was also a significant moderator
(Q¼ 6.78, p¼ .03). Although post hoc analyses indi-
cated the groups were not statistically different, tech-
nology only interventions (n¼ 11, Cohen d¼0.66,
95% CI ¼ 0.38–0.93), as well as combined in-person
plus technology interventions (n¼ 9, Cohen d¼0.43,
95% CI ¼ 0.14–0.73) appeared to produce larger ag-
gregate effect sizes compared to in-person only inter-
ventions (n¼13, Cohen d¼0.17, 95% CI ¼ �0.07 to
0.41). The length of time to follow-up significantly im-
pacted treatment effectiveness (Q¼ 6.95, p < .01),
such that for each passing year an increase of 0.11 ef-
fect size was observed. However, this entire finding
was driven by the inclusion of one study with a 6-year
follow-up and high risk of detection bias (Hederos et
al., 2009). If this study was removed from the analysis,
a significant decay in treatment effect was observed
(Q¼ 7.06, p < .01), where effect sizes were estimated
to decrease by 0.44 each year. Assessing adherence as
a primary target (Q ¼ .99, p ¼ .32), involvement of
caregivers (Q¼1.09, p ¼ .30) or providers (Q ¼ .32,

p ¼ .57) as intervention recipients, participant mean
age (Q¼ 2.97, p ¼ .09), intervention location (Q ¼
.07, p ¼ .79), length of intervention (Q¼ 1.49, p ¼
.22), and use of education only intervention techni-
ques (Q¼3.45, p ¼ .06) did not moderate
effectiveness.

Risk of Bias and Fail-Safe N
We rated most studies as having high risk for perfor-
mance bias (n¼ 32, 91%) due to a lack of blinding
participants and personnel to participant allocation.
Outcome assessors were often blinded and, as a result,
we coded many studies as having low risk for detec-
tion bias (n¼29, 83%). Over half of studies (n¼21,
60%) had a low risk of selectively reporting outcomes.
Many studies did not include enough information to
adequately judge selection bias (n¼ 19, 54%) or attri-
tion bias (n¼20, 57%). Figure 3 illustrates the aggre-
gate risk of bias ratings across included studies. Table
III provides the ratings for each individual study.
Based on the effect size observed for the omnibus test,
937 null findings are needed to overturn these results,
indicating low risk of publication bias (Rosenthal,
1979).

Discussion

The purpose of this meta-analysis was to determine
the extent to which interventions improve ICS adher-
ence in pediatric asthma. Aggregating post-
intervention effects across the 33 included studies
revealed a small but significant effect of interventions
to improve pediatric ICS adherence. Our findings are
consistent with previous meta-analyses examining ad-
herence promotion interventions for youth with a vari-
ety of chronic illnesses (Graves et al., 2010; Kahana et
al., 2008; Pai & McGrady, 2014; Wu & Pai, 2014)
and suggest that these interventions may be a viable
method for increasing ICS adherence among youth
with asthma.

Intervention format significantly moderated treat-
ment effectiveness. The aggregate effects of both tech-
nology only and combined in-person plus technology-
assisted interventions on ICS adherence differed signif-
icantly from zero, suggesting that incorporating tech-
nological components into interventions may be
beneficial. Results contradict findings from a 2008
meta-analysis indicating that technology only inter-
ventions produced minimal shifts in adherence behav-
iors among youth with chronic health conditions
(Kahana et al., 2008). This discrepancy may be due to
technological advances over the past decade, such as
the proliferation of smartphones (Smith, 2015). Our
findings align with a recent review of digital interven-
tions targeting pediatric asthma management which
demonstrated their potential for improving adherence,
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Figure 2. Summary of post-intervention effect sizes for included studies. Forest plot of standard mean differences in ICS ad-
herence across interventions. Square size corresponds to individual study weight. Horizontal lines indicate 95% confidence
interval.
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increasing quality of life, and reducing rates of health-
care utilization (Ramsey et al., 2020). Notably, digital
intervention components can also be responsive to the
recent call to differentially address distinct types of
non-adherence and improve access to tailored inter-
vention content (Van Boven et al., 2015).

Interventions that utilized electronic measures of
adherence also had larger effect sizes than those that
utilized pharmacy refill data or subjective reports of
adherence. While limitations exist for all adherence
measurement tools, electronic monitoring of inhaler
actuation is considered the criterion standard of

measuring ICS adherence (Sumino & Cabana, 2013).
The possibility exists that more accurate measures of
adherence may be more responsive to change brought
about by effective intervention protocols; subjective
measures may have reported higher baseline adher-
ence rates (Desager et al., 2018) and therefore had
less room for improvement. These findings may be
also partially attributable to well-funded studies be-
ing more likely to utilize costly electronic monitors
and having greater resources to allocate to interven-
tions. These explanations are speculative in nature
and should be further explored within future
research.

Several study characteristics did not moderate inter-
vention effectiveness, including participant mean age,
the inclusion of caregivers or providers as intervention
recipients, and intervention target, type, location, or
length. These findings may suggest that a wide range
of interventions can be effective for a wide range of
patients. However, moderation analyses examining in-
tervention type and location fell below the recom-
mended four studies per subgroup (Fu et al., 2011),
thus limiting the power to assess differences in inter-
vention effectiveness between groups. For example,
the education only subgroup consisted of a single
study with a negative effect size. Although comparing
education only interventions to other interventions did

Table II. Summary of Mean Effect Sizes by Moderator

Moderator category Number
of studies

Mean weighted-
effect size

95% confidence
interval

Q p

Adherence measurement 8.34 .02
Electronic 13 0.80 0.41–1.19
Pharmacy refill 6 0.10 �0.20–0.40
Subjective 8 0.24 0.08–0.40

Intervention format 6.78 .03
In-person only 13 0.17 �0.07–0.41
Combined in-person plus technology 9 0.43 0.14–0.73
Technology only 11 0.66 0.38–0.93

Intervention target 0.99 .32
Primary 25 0.44 0.26–0.62
Secondary 8 0.25 �0.06–0.57

Caregiver recipient of intervention 1.09 .30
Yes 25 0.44 0.26–0.62
No 8 0.25 �0.07–0.56

Provider recipient of intervention 0.32 .57
Yes 5 0.27 �0.18–0.72
No 28 0.41 0.24–0.58

Participant mean age 2.97 .09
Adolescent 8 0.24 0.08–0.41
Pre-adolescent 21 0.50 0.26–0.74

Intervention type 3.45 .06
Education only 1 �0.35 �1.14–0.44
Other 32 0.42 0.26–0.57

Intervention location 0.07 .79
Single location 9 0.14 �0.10–0.38
Multiple locations 2 0.07 �0.37–0.51

Intervention length 1.49 .22
Single session 4 0.16 �0.25–0.57
Multiple sessions 29 0.43 0.26–0.60

Figure 3. Aggregate risk of bias ratings across studies.
Stacked bar graph illustrating percent of studies rated as
having low, unclear, or high risk of bias.
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not yield any significant group differences within the
current meta-analysis, findings from prior reviews of
adherence promotions within other chronic illnesses
suggest that education interventions alone are insuffi-
cient and produce negligible changes in adherence
behaviors (Dean et al., 2010; Kahana et al., 2008). We
also acknowledge that there are potential confounds
between moderators; for instance, the benefit of care-
giver involvement may covary with child age, inter-
vention format, or disease control. Finally, our
inclusive categorical coding scheme may have weak-
ened our ability to detect precise group differences as
many moderator codes were dichotomized (e.g., care-
giver involvement versus no caregiver involvement,
single versus multiple intervention sessions).

Eighteen percent of studies (6/33) in the present
meta-analysis measured adherence after a follow-up
period ranging from three months to over 5 years.
Notably, the overall intervention effect at follow-up
became nonsignificant, suggesting that adherence pro-
motion interventions do not consistently result in

long-term gains in ICS adherence. The relatively small
number of participants involved in the follow-up anal-
yses (n¼676) as well as the heterogeneity within stud-
ies likely contributed to the unstable confidence
interval. To fully characterize the intervention effect
at follow-up, we would need approximately three
times as many participants enrolled in high-quality tri-
als. In the full sample of studies with follow-up peri-
ods (n¼6), treatment effects initially appeared to
significantly increase over time. However, excluding
the study with a high rating of detection bias produced
a significant decay in treatment effect. This observed
decay is consistent with prior reports of intervention
effects across various pediatric chronic illnesses dimin-
ishing over time (Kahana et al., 2008) as well as with
the established triangular relapse pattern, where par-
ticipants experience positive behavior change during
interventions and then decline toward baseline at
post-intervention (Wood & Neal, 2016). Future meta-
analyses should quantify a more precise measure of in-
tervention effectiveness over time and reassess

Table III. Risk of Bias Ratings by Study

Author (year) Selection bias Performance Bias Detection Bias Attrition Bias Reporting Bias

Abramson (2015) Low High Low Unclear Low
Bender (2015) Unclear High Low Low Low
Britto (2017) Low High Low High Unclear
Burgess (2010)) Unclear High Low Unclear Unclear
Butz (2006) Unclear High Low Unclear Unclear
Butz (2010) Unclear High Low Unclear Low
Butz (2014) Low High Low Unclear Low
Chan (2003) Unclear High Low Unclear High
Chan (2015) Low Unclear Low Low Low
Davis (2019) Unclear High Low Unclear Low
Ducharme (2011) Low Low Low Unclear Unclear
Duncan (2013) Unclear High Low Low Low
Farber and Oliveria

(2004)
Low Unclear Low Unclear Unclear

Feldman (2012) High High Low Unclear Low
Garbutt (2015) High High Unclear Unclear Low
Gustafson (2012) Unclear High Low High Low
Harrington (2018) Low High Low Unclear Unclear
Hederos (2005) Unclear High High Unclear Unclear
Hederos (2009) Unclear High High Unclear Unclear
Horner (2016) Unclear High Low Unclear Unclear
Jan (2007) Unclear High Unclear Unclear Low
Johnson (2016) Low High Unclear High Low
Kenyon (2019) Unclear High Low Unclear Low
Kosse (2019) Unclear High Low Low Low
Koumpagioti

(2020)
Unclear High Low High Unclear

Morton (2017) Low High Low Low Low
Mosnaim (2013) Low High Low Low Low
Naar (2018) Unclear High Low Low Low
Naar-King (2014) Unclear High Low Low Low
Otsuki (2009) Low High Low Low Low
Riekert (2011) High High High Unclear Low
Rohan (2013) Unclear High Low High Unclear
van Es (2001) Unclear High Low Unclear Unclear
Vasbinder (2016) Low High Low Low Low
Wiecha (2015) High High Low Unclear Unclear
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treatment decay as new longitudinal studies are added
to the literature base.

This meta-analysis should be interpreted within the
context of several limitations as well as the quality of
included studies. Some individual studies were limited
by methodological weakness, including high rates of
participant attrition or missing adherence data (14%),
inadequate randomization or failure to conceal group
allocations (11%), and failure to blind outcome asses-
sors (9%). Most interventions had a high risk of per-
formance bias (91%) and an unclear risk of bias in
one or more domains (88%). Although participant
knowledge of assigned interventions is considered a
high risk of performance bias and can affect behav-
ioral outcomes, such as adherence, we recognize that
blinding participants is not feasible in all behavioral
interventions. Additional limitations are related to ex-
clusion criteria and the generalizability of findings.
Excluding binary measures of adherence reduced the
number of studies included in this meta-analysis; how-
ever, given the lack of empirical support for establish-
ing a single cut-point indicating adherence versus non-
adherence as well as the variance in cut-point values
(e.g., 80% vs. 50%; Gellad et al., 2017), we opted to
prioritize obtaining a more stringent measure of inter-
vention success using ordinal and continuous meas-
ures of adherence. We did not contact authors to
supply missing data, which may have reduced the
number of included studies and the number of partici-
pants with reported demographic information.
Furthermore, the exclusion of articles not published in
English and grey literature (e.g., conference abstracts,
dissertations) may reduce generalizability of findings
and increase publication bias, respectively. However,
the fail-safe n calculation indicates publication bias is
not likely to be a significant concern in this case.
Lastly, given the limited statistical power to assess
proposed moderators, moderation effects should be
interpreted with caution and could change with the
addition of new studies.

Results of this meta-analysis highlight key method-
ological concerns to consider when developing future
ICS adherence promotion interventions. To reduce
bias, future interventions should randomize partici-
pants, conceal group allocations when possible, de-
velop analysis plans that address missing data, and use
intent-to-treat analyses (Higgins et al., 2019). We also
encourage the use of CONSORT checklists, partici-
pant flow diagrams, and reporting of key demographic
characteristics to improve the transparency and inter-
pretability of findings (Raad et al., 2008; Schulz et al.,
2010). When feasible, studies should utilize electronic
monitoring of inhaler actuation to assess ICS adher-
ence (Sumino & Cabana, 2013) at a minimum of two
post-intervention time-points to quantify a more pre-
cise measure of intervention effectiveness over time.

As recommended by Pai and McGrady (2014), timing
of assessments should be assigned based on theoretical
or logistical rationale (e.g., every 6 months (NAEPP,
2007)).

In conclusion, our findings suggest that adherence
promotion interventions are a viable method for im-
proving ICS adherence among youth with asthma. As
illustrated in Figure 2, intervention effectiveness
appears stagnant over the past two decades despite
substantial scientific advances. It appears that the field
of pediatric asthma adherence literature has indeed be-
come “stuck” (Bender, 2016) and that novel interven-
tion and methodological approaches are necessary to
optimize interventions.

These challenges related to maintaining long-term
improvements in ICS adherence suggest we need to be
even more effortful with intervention. One pathway to
improving efficiency at the group level is to ensure
interventions only include “active ingredients” or ef-
fective behavior change techniques. Future studies
should consider utilizing factorial designs to assess the
effects of individual intervention components and ulti-
mately streamline the intervention for use in real-
world settings (Collins, 2018). An additional pathway
to getting “unstuck” includes utilizing a precision
medicine approach and tailoring interventions to the
unique needs of each participant (Nahum-Shani et al.,
2018). Findings from this meta-analysis suggest that
the incorporation of technological components may
also increase intervention effectiveness. Another im-
portant consideration is a family’s ability to access
medical care and fill ICS prescriptions (Canino et al.,
2009). Multi-level interventions that address health-
care system-level factors are needed and have demon-
strated success in improving ICS adherence, lung
functioning, and healthcare utilization rates (Naar et
al., 2018; Naar-King et al., 2014).

It is also important to acknowledge that the nonsig-
nificant effect at follow-up highlights the need for fu-
ture interventions to encourage long-term adherence.
Low adherence cannot be “cured” (Nieuwlaat et al.,
2014). Even successful interventions do not consis-
tently result in long-term gains in ICS adherence after
supports are withdrawn, which suggests that interven-
tions should be maintained for as long as necessary.
Because many of the successful interventions were
complex, included technological components, and re-
lied on frequent patient contact, they may be costly
and require substantial effort. As such, interventions
should utilize cost-effective approaches that can be in-
tegrated into the existing healthcare system
(Nieuwlaat et al., 2014) to ensure the successful up-
take by clinicians, payers, and policymakers (Wilson
et al., 2019). This is also a signal that, consistent with
clinical practice guidelines (NAEPP, 2007), providers
should assess ICS adherence at every patient visit.
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Future meta-analyses should reassess moderators of
intervention effectiveness and treatment decay as well
as examine more distal health outcomes beyond ICS
adherence as the pediatric asthma literature base
expands. For example, McGrady et al.’s (2015) meta-
analysis indicates that pediatric adherence promotion
interventions lead to clinically meaningful improve-
ments in patient quality of life and healthcare utiliza-
tion rates within general chronic illness populations.
Quantifying the extent to which pediatric asthma
interventions improve lung functioning, quality of life,
and healthcare system usage would further demon-
strate the clinical value of these interventions.
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Supplementary data can be found at: https://academic.oup.
com/jpepsy.
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