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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 (n=233, g=0.39, 95% confidence interval [CI] =
0.24-0.54); however, the aggregate effect size at follow-up was not statistically significant (n=86,
g=0.38, 95% Cl = —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

OXFORD

cornerstone of national guidelines (NAEPP, 2007);

Asthma-related morbidity has increased over the past  however, youth take approximately half of their rec-
40 years despite the use of daily inhaled corticosteroids ~ ommended ICS doses (McQuaid et al., 2003).
(ICS) for those with persistent subtypes (Serebrisky &  Suboptimal adherence is associated with more poorly
Wiznia, 2019; Vrijens et al., 2016). ICS adherence isa  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 30days
[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, ¢ 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 (z=29) 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 (7=3) and
school age (n=18) into a single preadolescence sub-
group to increase the power of detecting differences
from the adolescence subgroup (7 =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 (n=1),
randomized experimental versus control (z=1), or
two-sample comparison designs (z=1). The most
common control groups were usual care (n=14),
asthma education (z=9), and attention control
(n=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

non-

6651 Records identified through
database searches

> 2361 Duplicates removed

4290 Records screened

3991 Records excluded®

v

v

299 Full-text articles assessed for
eligibility

269 Full-text articles excluded
* 11 Not published in peer-
review journal
* 1 Non-asthma sample
* 39 Non-pediatric sample
* 16 Non-intervention
* 131 Adherence not assessed
* 68 Insufficient data
* 3 Published prior to 1998

v

30 Articles met inclusion criteria

5 Articles identified in backward or
forward searches

35 Articles included in review®

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

@Abstracts 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. ®Two articles presented
longitudinal follow-up of previously published studies.

(range = 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
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another racial or ethnic group or not described.
Broadly, the most common interventions included
asthma education (7 =10), technology feedback/elec-
tronic monitoring (n#=4), text message-based asthma
management reminders (7 =4), spirometry/peak flow
monitoring reports (n=2), parental support group
meetings (7=2), written action plans (z=2), and
multisystemic therapy (n=2). 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 (=33, g=0.39, SE = 0.08, 95% confi-
dence interval [CI] = 0.24-0.54) as displayed in
Figure 2. However, we observed significant heteroge-
neity in the effect sizes (O =216.73, 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 (7 = 6); however, the
overall effect was not statistically significant (g=0.38,
SE =0.23,95% CI = —0.08 to 0.83).

Coded Moderators

Supplementary Table S3 presents potential modera-
tors of intervention effectiveness for each study. Table
I provides the aggregate effect sizes within each mod-
erator subgroup. Adherence measurement emerged as
a significant moderator in the random effects analysis
(O =28.34, p=.02). Interventions utilizing electronic
measurements yielded significantly larger aggregate ef-
fect sizes (=13, Cohen d=0.80, 95% CI = 0.41-
1.19) than those using pharmacy refills (# =6, Cohen
d=0.10, 95% CI = —0.20 to 0.40) and subjective re-
port (n=28, Cohen d=0.24, 95% CI = 0.08-0.40).
Intervention format was also a significant moderator
(Q=6.78, p=.03). Although post hoc analyses indi-
cated the groups were not statistically different, tech-
nology only interventions (z=11, Cohen d=0.66,
95% CI = 0.38-0.93), as well as combined in-person
plus technology interventions (7=9, Cohen d=0.43,
95% CI = 0.14-0.73) appeared to produce larger ag-
gregate effect sizes compared to in-person only inter-
ventions (7 =13, Cohen d=0.17, 95% CI = —0.07 to
0.41). The length of time to follow-up significantly im-
pacted treatment effectiveness (Q=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
(Q=7.06,p < .01), where effect sizes were estimated
to decrease by 0.44 each year. Assessing adherence as
a primary target (Q = .99, p = .32), involvement of
caregivers (O =1.09, p = .30) or providers (O = .32,

p = .57) as intervention recipients, participant mean
age (0=2.97, p = .09), intervention location (Q =
.07, p =.79), length of intervention (Q=1.49, p =
.22), and use of education only intervention techni-
ques (0=3.45, p = .06) did not moderate
effectiveness.

Risk of Bias and Fail-Safe N

We rated most studies as having high risk for perfor-
mance bias (n=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 (7=29, 83%). Over half of studies (n=21,
60%) had a low risk of selectively reporting outcomes.
Many studies did not include enough information to
adequately judge selection bias (7=19, 54%) or attri-
tion bias (7 =20, 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,


https://academic.oup.com/jpepsy/article-lookup/doi/10.1093/jpepsy/jsab088#supplementary-data

Fidler et al.

1200

(panurnuoa)

[onuod
uoneOINPa [BUon

'sdnoig yioq J[BWdJ 9%0S deW %08 SYoaM T ASo[ouTda) pIEMIOJ-pUL-9101S -IpeI) paseq-aouj0
ut o[qeadasoe pue d[qereduiod sem s[[gya1 fparrodar 10N pu® ‘7197 Sursn waIsAs SULIOITUOW OIPIA f[o11U0D sns
SDI 10§ 93el [[J21 pUE JUIYPY Aoewreyg L(L1-9) 0T F 9L 01 e uaAIS uoneonpy pUE UOTIBONPD PIseq-19uIanu]  -IdA [eauawadxy  (£007) UByD
uonednpa
'99'=d 19339] JeqpPady BUIYISE dWOY
‘SyauowWw ¢ 03 SUI[aseq WOy S[eW %, €°66 UBIDIUI[D SULIDAT[OP PUE AISIA Jo Sunsisuod
s[iyax Loewreyd O ur a8ueyd S[[gyax SUBDLIOWY UBILTY %/ °G6 sqauow 4  JDd S.PIIYD 3B 9OUBPUIIE ISINU [OIIUOD UONUANY
UBIW UT IDUDIIJIP IUBIYIUSIS ON KLoeureyg (01-¢) /7 TOAO SIISIA 9sInU ¢ ‘SHISIA UOTIEONPI BWYISE SWOH] ‘10Y (+107) Zng
syauow 9 SIISTA
I9A0 JISTA JTUID a1ed Arewtad s pyryd Suipua
*£0°=4d ‘spuowr 7 ared Arewnd 1e -1 J01BONPS YI[BIY PUE ‘SIISIA
1€ O11BI UOTIBDIPIUW BUIYISE J[BW 29,9709 souepuane snjd uepIUID JuIduelie Ur DULISIS [o1u0d
[8303 01 §O JoYSIYy © sprem s[[gyax SUBDLIOWY UBILIY %976 potiad yoam-g ue  -Se ‘UonEdNPa S[[IYS UonEBIIUNW UoIEINPI BWYISY
-01 papuais syuedonred uonusaralu] KLoeurreyg {71-9) 61508 9G]  J19A0 SNUSIA QWOY §  -WOD BWYISE UBIIIUI[D-IOAISIIR)) ‘109 (0107) z2ng
asn a1edYIeay pue 2dnoeid
70" = d ‘dnoig jonuod J[ewW 9,9°¢9 syauow 9 uonedipaw sneurdordde ‘uon [onuod
a3 10§ J0yS1y Apuedyrugis o1om S[[yo1 fUBDLIDWY UBDLIFY 9%1°68 I9A0 SUOISSIS -1u8odar woidwi4s Surpnjour uoneInpa BWyYISy
suondusaid §HJ Jo IquInu UedIA! Aoewreyq {6~ 1 TFSY 18T -] JOSIUSIAQWOY 9  ‘UONEINPI BUWIYISE PIseq-dUOH] ‘109 (9007) zng
Juour
1sed 93 10A0 ddUAIAYPE MEEU
S[BW %, 7°69 93 UO I9[BYUIIBWIG WOIJ
‘10" > d ‘dnoiS uonudsAIUI I} UL Joj3uouI fparrodar 0N syuow }, }orqPad) paAIRdal suerdisAyd [013UO0d UOLUIIY (0102)
JoySy Apueoyiugis sem 90UIYPY S1U0III[] (€1-9) 41°6 97  10J susIA A[YIUOIN pue ‘syuared 1o ‘syuedonieg ‘104 ssading
SIOpUIWaI porrad
10BIIX2 01 d[qeun) syauow ¢ JuouIPdRURW BWYISE PAIO[IE] UOTIUIAIIUTUOU
‘10°>d £30'13X9 01 9[qeU() 10§ sadessow 103 sauoyd 119y3 03 JUds 9q 03 Suump ored [ens)
‘ruowr 12d 9, 6/ 7 Aq 20Ud J03TUIOWT (TT=T1) JwowaSeurwW  Sa8ESSaw 1Xa1 pazijeuosiad pan ¢Apnig I19A0SS0ID)
-Ioype §OJ paaoidwr HONUIAINUY owonddry  JS F N 19BIIX3 01 d[qeUf) ¢C  BWYISE 01SSIDDY  -Payds pue pareaid syuedonre [eurpnaiSuoy  (£107) onig
S[BW %749 anpIaso
100" >d ‘dnoid AIYM %E9S 10 INp Sem [[JoI §OJ UB uaym
a1ed [ensn oy} ueyl dnois uonuIA S[[go1 L(T1-€) syiuour ;¢ pa1988113 910Mm syuared 03 sTed 218D [ENS()
-191UI Y} UI I0YSIY SEM IUIIYPY KLoeureyg €10 ¥ qT'8 668 10§ pajedIpur sy suoydaral uontugodar yosadg ‘1D onewsdel] ($107) JPpusag
“(y1°=4d ‘790 = 2oudIoyIp uLoW)
dnoi3 jonuos ay3 ur Juswasoxd 10B1IX3 031 J[qeUN)
-WI OU SeM 2133 “1oaamoy ¢dnoid fparrodar 10N MI1AJI [eDIpaw Je[n3aI
UOTIUIAIIUT O3 UT SYIUOW 7 | (21-8) potrad yiuow pue 2onoeid 9y 01 pauiniax 218D [Ens() (s102)
1940 paAoIdwr 2dUIYPE UBIA 2AnRIqNg S F N 19BIIXI 01 9[qRU() T/ -TI eI1oA0 susia surodar yim Andwoads yauouwr-¢ Hio) ECiNlie) uosweIqy
S3urpury 9oUISYPE UIB]N JduaIAype xas A110(eW N uondrdsop uonuIAINIU] jewioy dnoig jon (1834)
JO 2INSBIN ¢dnoig Laurofew oru y18ud] pue Louanb -uod fudisop Apmig Joyny

-y39/[e1oRI {(a8uelr) 0S F N
(s1eaf) o8e oydureg

=91 UOTIULAIIUT

$8IpNIS papnyoul Jo saisLdloRIRYD | dlqeL



1201

Adherence Promotion Interventions in Pediatric Asthma

(panuiuoa)

S[EW %119

s[1ed suoydoal

J1o8eURW 9SED ISINU

[o13u0d5 uon
|NEHOMEM wELumw

'sdnoi3 usamiaq 10 uryim £pued 10B1IX fUBdLIOWY UBILIY 9%8°9¢ A[qauour yarm BWYISE Woij [[ed suoyda[al sn[d a1ed [enS() (2102)
-g1ugis 93ueyd 10U PIP JUIYPY 01 9[qeun HTI-P) 9T F oL'L 657 weidoxd Suofrea g Aqruow pue weirdoxd YieaH> ‘104 uosyelsno)
pairodar1oN 110ddns Sur
fUBdLISWY UBDLIY -1ua1ed se [[om se JudwISeuRW
%0 ‘UBISBONED) 9% (¢ syauow 9 BUIYISE Pa1d3ael pue ‘3unias
*€10° =49 ‘%001 10BIIXd {(9-¢) 190 s[Ted suoyd s[e03 ‘Sururen [[Iys ‘uonedINpI QUON (S1T02)
01 9,7/ WOIJ JUIM DUIIYPE SO o19[qeun (S F JN 391X 03 d[qeun) 8 AP[oamiq o1 £jeax\  paiofiel papiaoid rouren-read y f1sod-a1g 1nqIes
(31oeqpasy
(ddd) Moy
£103e01dX09 ead
‘10°>d 235 03 9[qeun
‘dnois yoeqpasj-JJ ur udIpIYyd JrewW 9, €/ ¢ spiemIoe yIno4) ared [ensn)
01 paredwod ddudIAYpE GO 19139q Io3uIOW fueony 031N J 9% 1°C7S S9am 9 sonjeA JHJ [eNIOB J19Y3 PIamaIA ¢Apnis pajjoruod (2102)
pey dnoid yoeqpasy-ggd ur wIp[IY) orond9rg (S1-L)TO F 48701 §8 T0§ A[rep DMM],  pue JHJ 11943 PaidIpaid UaIp[IY)  PIZIWOPUEI-UON uewppag
pairodar 10N
Y00 =d fuedLIOWY UBILIFY AJjueU SYIUOW € UIyIIMm
‘dnoi3 [onuod 01 paredwod -twopaid sem ojdures s[red suoyd ns1A (O ue jo 1red se uerd (+007)
S1U9A9 Sursuadsip uonespow S[[yax a10u syoyine ‘pazrodar I0N dn-morog Jor1q JUSWOSEUBW-J[3S BWYISE U 21D [eNs() BIIOAT[O
Jo 1quinu pasoidwr uonuaAIIU] Aoeurreyq (81-7) S°L 0S € PUB UOISSIS J[3UI§  -1LIM PUE UOLIEBINPI BUIYISE JISBY ‘104 pue 19qie
*[onuod 01 paredwod S[BW % 466 pourad yiuow-7 B JUSWSEURW BWYISE 10 A[IqTS [011U0D UOTIUAIE
dduaIaype §OJ JO ser .Yy J031TUoUI SUBISEONER)) 9% €'H8 Suruueds s)om ¢ -uodsaz Surreys Uo pasnd0y uon UONIEINPI-BWYISY (€102)
Apueoyugis paonpoid uonuaaaIuy S1U01II[] (S1-6)6'TFI'TT 67 —C A19A9 SUOISSIS , -UIAINUI YIOMUIEI] YINOL-IUdIBJ HLOY wire-¢ uedun(g
"87-ST sAep uoomi (uondrrosard
-3q 2oudIaYpe 1oy Apuedyrusis aq ponew
pey dnoig uonuoazaiuy ‘sfep 41 srewW %, €09 U JISTA 918D BUWIYISE 93nde Sul -Iojun) oxed [ensn)
[entul oy3 Sulmp 2duUAIAYpe T03TUIOWT QUYM %1779 UOTIUATIIUT -mp papraoid uondurosaid pay ‘10Y (1102)
ur surdap reiwis pey sdnois yaog JWONN[Y L (LI-T) gb = 93y UBIPIN .86 ‘T1CT uorssas 9[3urg  -1ewroy snjd ueyd wonoe wanI K paysew-a[3urg wreydng
O[EW %6°8S
-9ouaIaype parrodar ynos fuedLIOWY Topraoxd Juowadeuew
10 19A13218D 91D YIIm Pale UBDLIJY-UON] %/ €9 Su123s 2103 -J]9S BWYISE INOQE OIPIA a1ed [ens()
-100ssE 10U sem Judwudisse dnoin) aA1d3[qng WLI-TT) 6T F qI°ET 967  -9q UOISsas 9[3uIg 110ys pue 3s1] 3dword uonsangd) ‘10 (6107) slaeQ
‘dnoi3 jon (szopurwax
-uod ur 9, ¢ 03 paredwod ‘dnoid Srew 9% 4 T ¢ syauow 9 [ensiaoIpne ou)
UOTIUAATIIUT Y UI 9§ SEM Io31UIOW fueadoIng-uoN %779 J10j syauowt 7 £19 P9[qBUS SI9pUIAI [ENSIACIP [OI3UOD UOIIUAIY
aduaIaype §OJ a3eruddrod urpoN Srond9rg W(S1-9) ST F 468 0TT -A9 susiA dn-mo[[of  -Ne (3IM SULIOITUOW JIUOIII[F ‘109 (S107) veyD
s3urpuy 2duAIAYPE UIBA JoudIaYpE x9s A1ro(ewr N uondrosap uonuaAINUY jeurioy dnoig jon (1824)
JO 2INSBIN ¢dnoi8 Lauzolew o y33u9] pue Aouanb -u0? fudrsap Apnig Joyny

-y19/[e10RI {(a8uer) S F N
(s1eaf) o8e ojdureg

-91J UOTIU2AIIUT

(panunuoa) °| ajqey



Fidler et al.

1202

(panuiuoa)

"¢ = d ‘[onuod ay3 01 paredwod

O[BWS} %97CS

Surrojruowr

sdudIaypeE ‘eyd Isroewreyd
2 19ad ‘urre[e JopUIWIAI UOT
-BDIpaW ‘SATAOUI [BUOTIBATIOW

dnoi3 wonUIAINIUI 9YI UT 90UIIIY goIng %6°L6 dde suoydirews /[BUOLIBONDI PIIB[2I-BWUYISE 21D [eNs()
-pe ur Juowaaoidw JuedyIuSIs-uoN aAndalqng (81T 6'TFI'ST $E€7 01559008 YIUOUI-9 Surpnpur ‘dde suoydirewg f1DY 1PIsN]D)  (6107) 2SS0
(r0suas duLs
*dnoig jonuoo pue dreW 9, /€S 031 SI9PUIWAI 7)
UOTIUIAIIIUL UM DUIdYPE Jojruowr fUBdLIOWY UBILIY %468 skep 0¢ SDI 93B3 03 SIopUIAI [013U0d UONIUAIY (6107)
UBIUI UT SIOUAIJJIP TUBIYIUSIS ON] RILIGRRE] (e | (eT-0)1°TF6°S € 10 s1x21 AJTeq 93essow 1X21 pajewoIny ‘104 uoAuay|
*10° = d ‘sjonuod JrewW 9,9°0S
03 paredwod ‘9oud1dype Aep-/ ‘uedLIDUY SIopuIwal SO UONBIISIUIW
parzodai-Jjas ur yuouroAoxdwr Jued UBdLIJY-UON %/ TS SINS Pa[npayos -Pp® UOnEdIpaW PIUYop-Iasn 1e 218D [Ens() (9102)
-grugis e pey syuoned wonusAIIU] aAndalqng LI-TT) 8T F (THI $9 01 SSII0B YIIM-€  SIOPUIWIAI SIATS PIAISIAT $109[qng ‘109 uosuyof
Arerp ewiyise
U21ILIM pUE SINO
60" >d ‘[onuod S[eWAJ 9%,9°T9 weidoid wWAIsAS SULIOITUOW BUWIYISE IATY -puey [euonEON
uey3 dnoiS uonusAIIUL O3 UL fparrodar 10N paseq-qom  -DBISUI YIIM UOLEINPI BUIYISE -pa snjd ares [ensn
IoySIY 9IoM dUIdYPE SO JO sAeY Iespun) 71-9) ST * 46°01 €GT 03 SS900E Yoam-7 T BIPIWNNU PISEq-}ouIaiu] ‘109 (£007) uef
wnnoIInd (uoneonps
S[eW % '8¢ SpIY] 10} UE[J BWYISY SUIMO] yajeay [e1auas)
*90UlIAYpPE §DJ 10§ $31092 dnoid 10BNIXI oruedstH %,/°09 (Juauod [e101JO0  -[0J suoneIuasaId JndEpIp JaLIq [043U0d UOnUINY (9107)
IO SWN J9A0 $93UBYD JULIYIUSIS ON o19[qeun (speid yig—pug) ¢TI F 88 €/1 soyy,) Aep 9[3uig yum dwres Lep euryase a3uig pLDY wire-¢ JouIoH
*s30ua19)j1p dnoid
usam3aq ou pazedrpur 110das
Juaied ‘1AamOl] ‘100" >d ‘dnoid srew 9% 119 porrad SISOUSeIp [enIul SUIMO[[0]
UOTIUIAIOIUL JY) 10§ Ut 19YSIy fparodar 10N [Iuow-9 1940 s1op1aoid yam a1ed [Ens() ,(6002)
sem ddudIIYpe parrodar-10100( aandalqng (€1-9) 4€°8 S sgunoow dnoi8 4 s3unsow dnoid 1xoddns [eruareg (1Y 9amdadsoig SOIpPaH
*9oudIaype Jo 310dar yuared uo
paseq saoua1ayIp dnois juedyru Jojiuour arewW %,0°09 pouad sisougerp
-815 ON] "90" = ¢ “9oudIaype 9A13( J1U01I09[] ‘parrodar 10N Jluow-9 19A0  [entul urmoj[oy sropraoid yam 21D [ens() 5($002)
-qo 1ySiy pey dnois uonudAIIU] 4 9A13I(qnNg (9-0) €T 09  sSunoow dnoi8 4 sSunocowr dnoig iroddns [eauorey {1y 2andadsoig SoIopaH
(Aep/xg swoy 18
S[eW 9% 6798 SOI patossturipe
‘uedLIDWY UBdLIfY Aruuey) a1ed [ens()
"90"=d ‘sdnoid SruedsIH-UON %¢°16 SOI Sut S10Y (8107)
U99M33( SIDUIFFIP JUBIYIUGIS ON 2An3[qng ‘(opead ,8-)) STF T8 9% sAep ()9 -UIOW PIIAISIUIUIPE ISINU [OOYDS aanodadsoxd 1071g uol3uLIIBH|
S3urpuly 9oUISYpPE UTB]N Jouaraype xas Ajurofew N uondrosap UONUIAINU] 1ewioy dnoid [on (1e24)
JO 2INSBIN ¢dnoi8 Lauzolew o y33u9] pue Aouanb -u0? fudrsap Apnig Joyny

-y19/[e10RI {(a8uer) S F N
(s1eaf) o8e ojdureg

-91J UOTIU2AIIUT

(panunuoa) °| ajqey



1203

Adherence Promotion Interventions in Pediatric Asthma

(panuiuoa)

‘Juoned
3u0 nq [[e 10} poridd uonusA

O[BW %LCL

218
[edTpaw aunnoI
Suump (U g1 =

-Io1ul 9y} SuLINp s3I UIIYPE Joyruowr SUBDLIDWY UBILY %9°€9 -y13u9] o3e )0BqPad] 20UIdYPE puk Sul 21D [ensn)
paseaoul Apuedyrusis UONUIAINU] J1UOIIIJ HTI-S) T'€¥¢$°8 TT -I9AE) SUOISSIS ¢—7  -A[OS WI[qOId PITOAI[IP-IOPIAOI] 109 (€107) ueyoy
-110dar-yio£ 10 juared 112 S[BW 9%, 6°66 weidoid
-19 UO Paseq 2dUdIdYpe §DJ Jo s3ur SUBDLIDWY UBILY %00T SIISIA SWOY JUSWASBUBW-J[3S BWYISE SUON (T102)
-1eI UBIW UT $93ULYD JULOYIUSIS ON aAndalqng ©(9T-0T) 9T FS'TT L€ UIW-(4, 03 -0€ ¢ PISEq-SUIMITAIIIUT [BUOTIBALIOTA 93sod-a1g 11Ty
A[uo
2An22[qng JBW 9,6°€9 YOBQPIYJ DUAIAY  UONBONPI m:Ewwm
'sdnoig ‘s[[ya1 ‘UBOLIOWY UBILIY 9%8°86 SIISIA QWIOY -PpE UOnEIIPaW YIIM PIUIqUIOd paseq-awo]
U99M39q SIOUIJJIP IUBIYIUGIS ON] Aoeurreyq S(TI-T) €€ F 4579 /91 Uil -¢4, 03 -0€ §  UOHEINPI BWYISE PIseq-aWoH f.1DY wie-¢  (6007) PMsI0
%ETGQSOU
*€0° = d ‘[onuod oyl aanzoddns A[rurey
01 paredwod 2oUdIAYPE U SJUI S[BW 9% ' 19 syauow 9 swoy-urt Ajoam)
-oaoxdur 1918913 Apuedyrudis SUBDLIDWY UBILY %001 103 systderoy UOTIUDATIUT [OTIUOD UONUAMNY S107)
parensuowsp dnoid uonuIAIU] aamdalgng %(91-TD) €T F €€ L91 LSIN 03 88900y a1ed3eay-Ade1at SruaIsAsnnN ‘LOY Suny-reeN
drew 9% 1°19 (Burpesunod
*€0" = d ‘[onuod oY1 ‘UedLIWY UBDLIFY 9% 00T aanioddns A[rurey
01 paredwod 3dUIIAYPE UL SITSW (91-71) (#10T syjuow 9 woy-ur A]o9m)
-aaoxdwr 1918218 Apuedoyrugis ‘& 30 Suny-1eBN 295 103 s3stdesayy UOTIUAATIIUT [01IUO0D UONIUANY
parensuowdp dnoid uonusaroiug oandolqng  —our[aseEq IB) €' F (€€ £91 ISIN 01 55300y  21ed3[BaY-AdBIoY] JIWAISASTINIA ‘1ID¥  ,(8107) TeeN
szohe[d cdur e1a patoar]
SYoam O] -9p $93ESSAW BUIYISE POPIOIAI (ATuo soSessowr
S[BWAJ % 6°TS 1980 sgdur 01 -19ad pue saypeordde Suimara PapI0231-10300p)
"€6° = d ‘@duaIaype uBIpIW J03TITOUT or[q %898 $S900B PUE SUOIS -I9)ul [euonIBATIOW UISN SUOILS [OIIUOD UONUANY (€102)
ur $9oua1931p dnois juedyrusis oN RILI(RRRE] (e | {91-11) v'€T 94 -sos 1xoddns A9 -s9s 310ddns dnois 19ad Surdo) ‘109 WIBUSOJA
I1RAL |
JIoj sypuowt ¢ (suore
*100° > d ‘[o1u02 3y3 03 paxed deW 9%, 796 K19A3 S3ISIA asn O] SurpieSar d1uId ay3 Ul Suriojiuow U
-WOd UOTIUIAIIIUI 3} Ul 1Y 31y T03TUIOWT fysnug YA %0°09 swrp sunnoisnjd  YJBqPIYJ YILM SULIE[R JOPUTIAT -Iaype) 91ed [ens() (£100)
ApuedyIudis sea UIYPE d8LIAY o101 %(9T-9) 6T  q¥°0T LL  sIopurwar fie  Afep yiim SULIOJIUOW JIU0IA[Y “10Y¥ UOLION
yIno4 pasougerp Ajmou
100" >d ‘jon Suoure £oBOYJa-J[9s pue ‘AI[Iqls
-u0d 91 01 pareduIod UONUIAIN srew o, 149 -uodsaz-J[as ‘s[[Is JudWSEUB
-ur a3 ul oYy Apueoyrudis sem Io31UIOW fparrodar 10N UOISSIs AT -3]9s do[aasp 03 pawre weid a1ed [ens() (0202)
aduaIYpe §O] d8e3uddiod ueIps Srond9rg W91F) 8T F F'8 §4 OB UL ()9—CH -01d [euonEonpa 2183 PUIYISY f10Y¥  pordedumoy
s3urpuy 2duAIAYPE UIBA JoudIaYpE x9s A1ro(ewr N uondrosap uonuaAINUY jeurioy dnoig jon (1824)
JO 2INSBIN ¢dnoi8 Lauzolew o y33u9] pue Aouanb -u0? fudrsap Apnig Joyny

-y19/[e10RI {(a8uer) S F N
(s1eaf) o8e ojdureg

-91J UOTIU2AIIUT

(panunuoa) °| ajqey



Fidler et al.

1204

*$3[Nsa1 JuBdYIUSIS AJ[BI1IS1IBIS 91BIIPUI 01 PISN ST 1X2) IBJP[Oq YL, *($ 10T T 32 Sun]-1eeN (6007 [ 30 SOI9PaH)
sarpnys paystjqnd Ajsnorasid jo dn-mofjoy [eurpniiduo] pazuasaid (§107 “[e 39 BN ‘6007 T 39 SOIPIH) so[ouie om], "dnoisd [013u0d UOIUIIE JI9Y3 03 ‘uonudardul Arewnid J19y3 se paqLIdsap
‘uoniuaaraiur dures £ep paseq-£Aunwwod 119y3 paredwod am (dnoid [013U0D UOHULIIE UB 03 Yord PatedWOd pue S3UNIAS JUSISJIIP OM] SSOIOE UOIIUIAIDIUL SWES I JO SIWOIINO PIUTWEXI (9T(7) |8
19 19uI0H *sdnoid [013U0d-UOIIUAIIE A[UO-UONIEINPI 1193 03 suonuaAldiul Jusuodwod-nnw Arewtid 119y3 paredwod am (6007) ‘[& 32 PINSIO Pue (£107) [€ 32 uedung 104, shep 1< 10J §OI pPaqLIds
-o1d a1om syuedonred gg ayrym ‘sfep 1 103 §OJ paquiosaid £juo arom syuedonied uoaspe paipuny om ], 9jdwes [[nj 103 93e[nd[Ed 03 9[qeun ‘Ajuo dnoid uoruIAIdIUL q fo8uer 93e panIday, Apnis
JUSLIND 33 10 Pa3a1dialul 9q J0U PNOd BIB( = IOBNXA 03 3[qeU[) ‘UonEBWIOUI SIy3 310da1 30U pIp sioyine Apnis [euldLI() = parodar JoN] ‘eiep aduaiaype yam syuedonred jo qunu = N 270N

9 =d

‘quedyTusIs A[[B21IS11B1S 10U SEM
9JUIIIPIP SIY} ‘FoAamoy ‘dnoid
[033U0D 33 10 9A13ESSU pue

APW %9°8S
ST %9°8S
H91-8) 0T ¥ 4611

9B %/"T9
YPINT %159
WTT-4) TT T 482

O[BW %8°1S
‘fuerseone)) 9,0°6/
(SI-TD ¥'1 F ¢9°€1

60¢C

syauow 7 £19
-A3 19p1ao1d pue
Aqrureg 03 popia
-01d >oeqpasy
fsyauow 9 10§

0 931Sqam 01 §Sa00E

potrad 1eas
B I9AO SIOPUIUIAI
SINS popadu Sy
porrad reas
© I9AO0 SUOISSIS
dnoig utw-gg°¢
pUE 2SINU BWISE
UM SJISIA
98 [enmplAlpUl Ul-O¢™y

SNJEIS BUIYISE
S,PITY2 941 JO SSOUITBME UBID
-1s4yd asea1our pue roMuWEN
JIapraoid-Ajiwie; aoueyUs 90Ul
-1oype a10woid 01 paudisap
9115q9M [BUOTIEONPI dATIORINU]
asop
B SUIsSSIUW JO YSII 18 o1om siued
-1o11ed UaYM SISPUIWAI UOTIBIT
-paul SIS PaJo[rel-own,, Yim
SULI01TUOW UOTIBITPIW JUITI-[BIY

opnINMIE AT
-sod aje[nuns pue ‘Aoedyje-Jjas
doueyud ‘aroddns [e100s asea1d
-UI 01 paulle 3sINU BWYISE [IIm
suolssas dnoid pue [enprarpuy

I910W MO[J
yead pue [enuew
UOTIBONPI BUIYISE

dnoi8 uonuaAIaIUT 9Y1 10J AT Jojruowr
-150d sem 20udIdYpE Ul 93UBYD UBIA JTUOIIIT
(%L LT
=L91D %S6) %0°TT ud
-19131p uedw ‘dnois uonudAINUL Jojiuour
o) Ut 1_/YSIY SeM 9OUIIYPE UBIIA 21U0199[]
60" = d ‘sqpuout 7 1e dnoid
[0TIU0D 371 UeY) dUIdYPE 1YY
pey dnoid uonuaAIdIU] "UOTIUIA
-191ut-350d $9oUAIAIP JUBOYTUSIS ON 2An3[qng
s3urpuy 2duAIAYPE UIBA JoudIaYpE
JO 2InseaN

x3s Ay10(eWWr
¢dnoi8 Lauzolew o
-y19/[e10RI {(a8uer) S F N
(s1eaf) o8e ojdureg

N

y33u9] pue Aouanb
-91J UOIIUSAINIU]

uondrosap UONUIAINU]

sn[d a1ed [ensn) (S102)
{10 301 LLESYY
SIOpUIwaI
SINS Jnoyiim
3urrojiuowr uon
-EJIpawl sW-[e9y (9102)
10Y 1opuIqseA
a1ed [ens()
‘1D¥  (1007) s uea
1ewioy dnoid [on (1e34)
-u0? fudrsap Apnig Joyny

(panunuoa) °| ajqey



Adherence Promotion Interventions in Pediatric Asthma

1205

2020 Koumpagioti
2019 Kenyon
2019 Kosse
2018 Harrington
2017 Britto
2017 Morton
2016 Horner
2016 Vasbinder
2016 johnson
2015 Abramson
2015 Bender
2015 Chan
2015 Garbutt
2015 wiecha
2014 Butz

2014 Naar-King
2013 Duncan
2013 Mosnaim
2013 Rohan
2012 Feldman
2012 Gustafson
2011 Ducharme
2011 Riskert
2010 Burgess
2010 Butz

2009 Otsuki
2007 Jan

2005 Butz

2005 Hederos
2004 Farber
2003 Chan
2001 vanEs

Omnibus Random Effect

T T T

1 2 3 a 5
B (95% confidente interval)

-

0.770(0.310, 1.220)
0.120(-0.560, 0.800)
0.130 (-0.120, 0.350)
0.550 (-0.010, 1.150)
0.580 (0.140, 1.020)
0.770(0.310, 1.230)
-0.320(-0.620, -0.020)
0.5%0 (0.320, 0.570)
0.650(0.150, 1.140)
0.340(-0.120, 0.510)
0.360 (0.240, 0.500)
0.530(0.270, 0.500)
1.040(0.240, 1.530)
0.310 (-0.450, 1.070)
0.050 (-0.180, 0.250)
0.430(0.120, 0.730)
1.500 (0.650, 2.250)
0.180 (-0.380, 0.750)
-0.500 (-1.600, 0.600)
4.500 (3.700, 5.300)
0.040 (-0.200, 0.280)
0.250(0.070, 0.520)
0.140 (-0.080, 0.370)
1.070(0.270, 1.570)
0.0%0 (-0.220, 0.410)
0.150 (-0.070, 0.350)
0.320(0.002, 0.630)
-0.350 (-0.540, -0.050)
0.240(-0.120, 0.600)
0.840(0.270, 1.410)
«0.600 (-1.410, 0.230)
0.250 (-0.130, 0.720)

0.350 (0.240, 0.540)

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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Table Il. Summary of Mean Effect Sizes by Moderator
Moderator category Number Mean weighted- 95% confidence (0] D
of studies effect size interval
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
measuring ICS adherence (Sumino & Cabana, 2013).
Reporting Bias | o The possibility exists that more accurate measures of
adherence may be more responsive to change brought
Aftrition Bias _ -

Detection Eias - | .
Performance Bias [ N
selection bias | —

0% 20% 40% 60% 80% 100%

mlow wunclear mhigh

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.

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., 20135).
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

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
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Table lll. 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 Low Unclear Low Unclear Unclear
(2004)
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 Unclear High Low High Unclear
(2020)
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

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 (n=676) 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 (n=6), 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
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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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