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Objective This meta-analysis examined the effectiveness of recent adherence-promoting interventions for

youth with chronic health conditions. Methods

Peer-reviewed randomized controlled trials of adherence-

promoting interventions for youth with a chronic illness published between 2007 and 2013 (n =23) were

reviewed. Intervention delivery (in-person vs. technology-based) and outcome measurement (e.g., self-report)

were examined as potential moderators of treatment effects. Results Mean effect sizes were small at
posttreatment (d =0.20, 95% confidence interval (CD): 0.08, 0.31, n=23) and follow-up (d =0.29, 95% CI:
0.15, 0.43, n=9). Intervention delivery and outcome measurement did not account for variation in treat-

ment effects (p >.05). Conclusions The small treatment effects of recent adherence-promoting

intervention (APIs) reflect the methodological limitations of the included studies and the need to reexamine

the delivery and mechanisms of adherence-promoting interventions.
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An increasing number of children and adolescents are di-
agnosed with a chronic condition (Perrin, Bloom, &
Gortmaker, 2007; Van Cleave, Gortmaker, & Perrin,
2010; van Dyck, Kogan, McPherson, Weissman, &
Newacheck, 2004). A recent study examining a national
sample of children showed the prevalence of at least one
chronic condition over a 6-year period was >50% (Van
Cleave et al., 2010). The majority of these chronic condi-
tions require daily self-management including medication
administration and dietary and physical activity require-
ments. Adherence, defined here as “the extent to which
a person’s behavior coincides with medical or health
advice”” (Haynes, 1979; Modi et al., 2012) to these self-
managed treatment regimens is essential for attaining ade-
quate treatment exposure and achieving optimal health
outcomes. However, treatment adherence is difficult, re-
gardless of the severity of the condition. On average,
rates of treatment regimen nonadherence are ~50% and
have been documented to be as high as 75% for

adolescents and young adults (Rapoff, 2010). Pervasive
nonadherence has substantial individual and societal im-
plications, placing children and adolescents at an increased
risk for morbidity and mortality and accounting for up to
$300 billion in health-care costs (DiMatteo, 2004).

Given the profound and far reaching impact of
nonadherence on individual health outcomes and overall
public health as well as the modifiable nature of self-man-
agement behaviors, numerous psychological interventions
targeting adherence have been developed. To date, three
systematic reviews have been conducted on studies of ad-
herence-promoting interventions for youth with chronic
health conditions (Dean, Walters, & Hall, 2010; Graves,
Roberts, Rapoff, & Boyer, 2010; Kahana, Drotar, & Frazier,
2008). These reviews show that adherence-promoting in-
terventions can effectively increase adherence and lead to
improved health outcomes (Dean et al.,, 2010; Graves
et al., 2010; Kahana et al., 2008). The review by Kahana
et al. (2008) also examined intervention characteristics and
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terventions demonstrate medium effect sizes. However,
only a portion of these studies (n =42, 60%) were random-
ized controlled trials, which yielded a much smaller effect
size (mean d =0.23).

Since the publication of these reviews, the field of ad-
herence research has seen tremendous growth. The scien-
tific maturation of the field has been accompanied by an
increased rigor in scientific methods. Advances in measure-
ment have facilitated the use of electronic monitoring de-
vices to assess patient adherence, providing a more detailed
and objective outcome variable (Quittner, Modi, Lemanek,
levers-Landis, & Rapoff, 2008). The efficacy of adherence-
promotion interventions is also being increasingly exam-
ined using randomized controlled trials. Previous reviews
include many studies published before the development
and implementation of electronic monitoring devices and
include both randomized controlled trials and pre—post
designs (Graves et al., 2010; Kahana et al., 2008). To ac-
curately reflect the efficacy of adherence-promotion inter-
ventions as examined by these rigorous methods, it is
imperative to conduct a systematic review of recently pub-
lished studies.

In recent years, the nature of adherence-promotion
interventions has also been significantly impacted by ad-
vances in technology and changes in the health-care
system. Specifically, alternative methods of adherence-pro-
moting intervention delivery (e.g., video conferencing) are
increasingly being developed and tested. These methods
have the potential to expand the reach of adherence-
promoting interventions to those who would otherwise
have difficulty accessing these interventions and may
impact intervention efficacy. A review of recent literature
is necessary to describe these innovative methods of
delivery and examine their efficacy relative to traditional
“in-person” interventions.

The purpose of the current review is to address the
aforementioned gaps in the current state of science and
assess the overall impact of adherence-promotion interven-
tions for children, adolescents, and young adults with
chronic health conditions published in the last 7 years
on adherence and disease outcomes. The proposed
review is particularly timely given the ongoing significant
changes to the U.S. health-care system, including those
outlined in the Patient Protection and Affordable Health
Care Act (Public law 111-148). The Patient Protection and
Affordable Health Care Act (Public law 111-148) includes
provisions for medication management and the assessment
of related outcomes, prompting health-care systems to pri-
oritize patient adherence. By documenting the effectiveness
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of recent adherence-promotion interventions, this review
will provide the information necessary for shaping health-
care programs and policy.

In addition to assessing the overall effectiveness of
adherence-promotion interventions, this review will ex-
plore the potential impact of advances in technology-
based intervention delivery and adherence assessment
methodology. Specifically, the secondary aims of this
review are to (1) explore differences in effect sizes between
adherence-promoting interventions that include defined
technology-based treatments (e.g., delivered via tele-
health) versus those that are not technology-based, and
(2) examine differences in effect sizes based on the adher-
ence assessment methodology used (e.g., adherence as-
sessed via electronic monitors vs. self-report vs. biological
assays). In contrast to previous meta-analyses examining
adherence-promoting interventions, the current study will
only include studies that report randomized controlled
trials. This study also includes samples of adherence-
promoting interventions with adolescents and young
adults, an understudied population at high risk for poor
adherence (Rapoff, 2010).

Based on previous adherence meta-analyses in pediat-
ric and adult populations (Kahana et al., 2008), we predict
that technology-based treatments will have smaller
adherence effect sizes than in-person interventions, and
adherence outcomes assessed via electronic monitors or
bioassays will have smaller effect sizes than adherence out-
comes assessed via self-report or parent report (Modi,
Guilfoyle, Morita, & Glauser, 2011; Wu, Pai, Gray,
Denson, & Hommel, 2013).

Methods

The systematic review was conducted in accordance
with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement guidelines (Moher,
Liberati, Tetzlaff, & Altman, 2009). The PRISMA Statement
guidelines include a checklist of 27 items essential for
transparent reporting and a four-phase flow diagram used
to illustrate identified, screened, eligible, and included
studies.

Literature Search

MEDLINE, EMBASE, PsychINFO, SCOPUS, EBMR, and
CINAHL were searched in September 2013 for peer-re-
viewed original research articles. The search strategy in-
cluded all possible combinations of medical subject
headings terms from each of the following three categories:
(1) infant, child, adolescent; (2) chronic disease, asthma,

919


 = 
multi-component
 = 
= 
 = 
-
prior to
-
-
healthcare
seven
US healthcare
-
-
healthcare
: 
'
versus
versus
)
-
S
 between
Medical Subject Headings

920

Pai and McGrady

cystic fibrosis, sickle cell, obesity, transplant, hematology,
gastrointestinal diseases, chronic pain, arthritis, communi-
cable diseases, cancer, human immunodeficiency virus,
inflammatory bowel disease, and juvenile rheumatoid ar-
thritis; and (3) patient compliance, medication adherence.
Search criteria were modified to include only articles pub-
lished originally in English peer-reviewed journals between
January 2007 and September 2013. To ensure all studies
were subjected to a peer-review process required for pub-
lication in a journal, gray material was not included
(Schmucker et al., 2013). The reference sections of articles
and books/book chapters and reviews identified by the
searches were also reviewed to capture additional citations
not identified by the electronic searches.

Study Selection

The PRISMA four-phase flow diagram detailing study selec-
tion is depicted in Figure 1 (Moher et al., 2009). The initial
search resulted in 459 records (439 after removing dupli-
cates). We screened 439 records and assessed 54 relevant
manuscripts for eligibility. In all, 26 met the following in-
clusion criteria: (1) the sample comprised youth with a
chronic health condition (and/or their parents); (2) the
study was a randomized controlled trial targeting adher-
ence via cognitive and/or behavioral interventions; (3) in-
cluded an assessment of adherence; (4) n> 10 in both
arms; (5) mean age of participants for a given study was
<19 years of age to reflect that the article had a pediatric
focus; and (6) the upper age of the young adult period for a
given study was <35 years. Thirty-five years age require-
ment was selected to exclude predominately adult adher-
ence articles and is consistent with the upper age limit of
adolescent and young adulthood as defined by the Patient
Protection and Affordable Health Care Act (Public law
111-148).

Missing Data

In all cases where additional unreported data were needed
to calculate an effect size, substantial and repeated at-
tempts were made to contact the authors of the articles
in question (n= 10 authors contacted, n =7 authors pro-
vided data). Three studies were excluded from the review
after all possible avenues for obtaining the necessary data
were exhausted yielding a final sample size of 23.

Data Extraction

Data extraction was completed by one of the authors
(M.McG.) and one research assistant using a standardized
data collection form. Data retrieved from the articles in-
cluded: (1) study design; (2) intervention characteristics

(length, format, mode, interventionists); (3) control

group description; (4) participant demographic and clinical
characteristics; (5) measures of adherence; and (6) out-
comes for adherence measures. Interrater agreement for
data extraction was calculated on a random 50% of articles
(n=12) and found to be acceptable (x =0.74). All discrep-
ancies were resolved via discussion and subsequent con-
sensus of the authors (A.L.H.P. and M.McG.).

Definitions of Variables

The primary outcome measure was youth adherence, de-
fined as “‘the extent to which a person’s behavior coincides
with medical or health advice” (Haynes, 1979). Adherence
outcome measures varied across studies and included
bioassays, self-report questionnaires, parent-report ques-
tionnaires, semistructured interviews, prescription refill
histories, daily diaries, and electronic monitoring devices.
When multiple measures of adherence were available, the
results as demonstrated by the most well-established in-
strument were included (e.g., electronic monitoring se-
lected over self-report measures; Quittner et al., 2008).

Risk of Bias Assessment

Risk of bias was assessed using the Cochrane
Collaboration’s recommended tool (Higgins & Green,
2008). This tool addresses six domains that impact risk
of bias: sequence generation, allocation concealment,
blinding, incomplete outcome data, selective outcome re-
porting, and “other issues.” Consistent with published
guidelines (Guyatt, Oxman, Vist, et al, 2011), one
author (M.McG.) categorized the risk of bias of each
study on each domain as “low,” “‘unclear,” or ‘“high”
risk of bias. The proportion of studies with each judgment
(“low,” “unclear,” or “high”) was calculated by compiling
ratings for each domain across all studies. As a measure of
reliability, a postdoctoral fellow completed risk of bias rat-
ings on a random 50% of articles (n = 12). Interrater agree-
ment was acceptable (k =0.70), and all discrepancies were

resolved via discussion.

Quality of the Evidence

The overall quality of evidence for each outcome was rated
using the GRADE approach (Balshem et al., 2011; Guyatt,
Oxman, Kunz, Brozek, et al., 2011; Guyatt, Oxman, Kunz,
Woodcock, Brozek, Helfand, Alonso-Coello, Falck-Ytter,
et al.,, 2011; Guyatt, Oxman, Kunz, Woodcock, Brozek,
Helfand, Alonso-Coello, Glasziou, et al., 2011; Guyatt,
Oxman, Montori, et al.,, 2011; Guyatt, Oxman, Sultan,
et al., 2011; Guyatt, Oxman, Vist, et al., 2011). The
GRADE approach is a method for rating the quality of ev-
idence and grading the strength of recommendations for a
particular outcome. One author (M.McG.) and one
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Figure 1. The PRISMA four-phase flow diagram detailing study selection.

postdoctoral fellow examined all studies that included the
outcomes of interest (adherence, n=23; adherence at
follow-up, n=9; disease outcome, n=10; disease out-
come at follow-up, n=>5) and rated limitations on design
and implementation, inconsistency, indirectness, impreci-
sion, and publication bias for that group of studies. Results
of rating comparisons indicated that raters were in com-
plete agreement (k=1.00). GRADEpro software
(GRADEpro, 2008) was then used to synthesize these rat-
ings and determine the final quality of evidence. Outcomes
are rated as being supported by high-quality evidence when
there is a low likelihood of bias and there are no concerns
regarding the aforementioned categories. Concerns regard-
ing consistency, directness, precision, and publication bias
result in downgrades to moderate, low, or very low.

Analytic Plan

Study procedures, including effect size calculation, were
based on guidelines outlined by the Cochrane
Collaboration (Higgins & Green, 2008) and Lipsey and
Wilson (2001). Comprehensive meta-analysis (Biostat,
2005) was used to calculate Cohen’s d, the primary sum-
mary effect size measure used in this study. Effect sizes for
the adherence-promoting interventions were examined in
the following ways: (1) the overall effectiveness of

adherence-promoting interventions were examined across
studies at posttreatment and at follow-up, (2) adherence-
promoting intervention effectiveness by the type of
measure used to assess adherence, and (3) adherence-
promoting intervention effectiveness was compared
between interventions delivered via technology and those
delivered in person. Random effects models were used to
calculate all mean effect sizes to include study-level as well
as subject-level sampling error and yield a more conserva-
tive estimate of the mean effect size. This approach is rec-
ommended when analyzing a small number of studies that
have small sample sizes (Lipsey & Wilson, 2001).
Quantification of Heterogeneity. To describe the
degree of inconsistency across studies, we calculated the
I? statistic (Higgins, Thompson, Deeks, & Altman, 2003).
I? refers to the proportion of heterogeneity across effect
sizes that is unlikely to be due to chance and is typically
expressed as a percentage. It can be used to describe het-
erogeneity related to the choice of measure and interven-
tion subgroups (Higgins et al., 2003). An I* of <30%
is considered mild heterogeneity, and an I* of >50% is
considered substantial (Higgins & Thompson, 2002) This
method was chosen over alternative methods (e.g.,
Cochran’s  Q-test [Cochran, 1954; Whitehead &
Whitehead, 1991]) for indicating the extent of
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heterogeneity because of the poor power the Q-test has in
meta-analyses that include relatively few studies.

Results
Participant and Study Design

A total of 23 reports representing an equal number of
randomized controlled studies and 3898 participants
Msample size = 169, SD = 149) were included in the current
meta-analysis (Table 1). The majority of adherence-promot-
ing interventions (n =14, 61%) included both youth and
their families. Four adherence-promoting interventions
(17%) targeted youth only, two (9%) targeted caregivers
only, and three (13%) were multisystemic. Across studies,
55% of patients were male. Patients included were between
2 and 29 years of age. Three studies included young chil-
dren under the age of 11 years, six included patients be-
tween 12 and 29 years of age, and 14 studies included
children spanning childhood and adolescence (1-18
years of age). The most common chronic condition repre-
sented was asthma (n=10, 43%) followed by diabetes
(type 1 or type 2, n=06, 26%), and other chronic condi-
tions (n =7, 30%; cancer, human immunodeficiency virus,
inflammatory bowel disease, and juvenile rheumatoid ar-
thritis). Four studies (17%) specifically targeted youth with
adherence concerns or poor disease control. Control
groups included usual care conditions (n=11, 48%), ed-
ucation groups (n =5, 22%), and other (e.g., multiple con-
trol groups, n=7, 30%).

Measures

Adherence outcomes were most frequently assessed via
electronic monitoring (h =8, 35%), followed by youth
report (n=7, 30%), parent report (n=>5, 22%). Other
outcomes included pharmacy records and combined
youth and parent report. Adherence and health outcomes
were assessed at posttreatment (i.e., first reported as-
sessment after the completion of the intervention; range:
0-180 days) and at follow-up (range: 1-72 months).

Intervention Characteristics

Eleven (48%) of the adherence-promoting interventions
were explicitly grounded in a theoretical framework (e.g.,
Social Cognitive Theory, n=06; Self-Regulation Model,
n=1). The majority of adherence-promotion interventions
were delivered by a psychologist (n =7, 30%). The remain-
ing adherence-promoting interventions were delivered by a
health-care provider (n =6, 26%), multiple or other pro-
viders [n=5, 22%; diabetes personal trainer (n=2),
bachelor’s level “coach” (n=1), health-care provider and
psychologist (n = 1), health-care provider, and community

interventionist (n =1)], or via automated Web-based con-
tent (n=>5, 22%). The interventions were delivered in
outpatient medical clinics (n =4, 17%), multiple settings
(e.g., home and school or clinic and home, n=4, 17%), a
setting of the family’s choice (e.g., home or public location,
n=2, 9%), a psychology clinic (n=1, 4%), a research
space next to clinic (n=1, 4%), the family’s home
m=1, 4%), the emergency department (n=1, 4%), a
school (n=1, 4%), or an undefined “clinic” (h=1, 4%).
The remaining trials used Web-based delivery of interven-
tion content (n=06, 26%) or did not specify the interven-
tion location (n=1, 4%). Almost all of the interventions
were multicomponent interventions (n =22, 96%). The
only single-component intervention was retained in the
study because it met all a priori criteria for study inclusion
(Wamalwa et al., 2009). The most commonly used inter-
vention techniques were behavioral (n =20, 87%), educa-
tional (n=17, 74%), and cognitive behavioral (n=14,
61%). Thirteen studies (57%) included a set number of
intervention sessions in which all youth or families partic-
ipated [M number of sessions (SD)=4.31(2.87), range
= 1-12]. In four studies (13%), the number of interven-
tion sessions was dependent on the needs of the partici-
pants (n=3, 13%, range of M sessions=46-53) or the
frequency of clinic appointments (n =1, 4%). Web-based
interventions reporting on session content (h=5, n=1
missing) consisted of 4-12 modules. Only two studies
reported completion rates, and three additional studies re-
ported the average number of hours spent in the interven-
tion or the average number of intervention sessions the
patients were exposed to. All studies targeted “‘adherence”
or “self-management,” only 13 (57%) reported specific
behaviors targeted as part of the intervention. These in-
cluded the following: medication taking (n =8, 35%), dis-
ease-related coping skills (n=1, 4%), self-management
and problem-solving skills (n=1, 4%), adherence to
daily peek expiratory flow monitoring (n =1, 4%), medica-
tion availability, use, and other health behaviors (n=1,
4%), and medication taking and adherence to clinic visits
=1, 4%).

Overall Adherence-Promoting Intervention
Effect Sizes

Effect sizes for all analyses are listed in Table II. Across
adherence-promoting interventions, a small effect was ob-
served at posttreatment where those receiving the adher-
ence-promoting intervention had higher adherence than
those in the control condition (d =0.20, 95% confidence
interval (CI): 0.08, 0.31, n=23 trials). Only nine studies
had more than one follow-up time point allowing for the
examination of the maintenance of treatment effects. The
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Table Il. Summary of Findings

Patient or Population: Children and adolescents with a chronic medical condition

Settings: Medical clinic, community, or home

Intervention: Psychological intervention (i.e., behavioral, organizational, cognitive-behavioral)

Ratio of means Participants Quality of the Standard mean
Outcome (95% CI) Change in intervention group (studies) N evidence (GRADE) difference (95% Cl)
Adherence (all studies) 3,070 (23) DDODO Moderate' 0.20 (0.08, 0.31)
Adherence (studies 1.06 (1.02, 1.09) 6% change in the mean 1,195 (12) ®BOO Low” 0.24 (0.09, 0.39)
with RoM data) value of the intervention
group relative to the con-
trol group
Adherence (studies with 1.11 (1.03, 1.21) 11% change in the mean 831 (9) ®DOO Low? 0.29 (0.15, 0.43)
RoM data at follow-up) value of the intervention
group relative to the con-
trol group
Disease outcomes 1,021 (10) HPOO Low” 0.34 (0.22, 0.46)
Disease outcomes 432 (5) BPOO Low” 0.30 (0.11, 0.49)

(at follow-up)

Note. *CI = Confidence interval; RoM = ratio of means; 'Indirectness: small sample sizes; “Indirectness: small sample sizes; Imprecision in results: wide confidence intervals.

GRADE Working Group grades of evidence.

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

effect size reflecting maintenance of treatment effects
was medium (d=0.29, 95% CI: 0.15, 0.43, n=09 trials).
The effect size for disease outcomes posttreatment was
d=0.35 (95% CI: 0.22, 0.46, n =10 trials) and included
measures of pulmonary functioning [forced expiratory vol-
ume (FEV1), n=3], glycemic control [hemoglobin Alc
(HbAlc), n=6], and immune functioning (CD4 count,
n=1). The effect size for disease outcomes at follow-up
was d=0.30 (95% CI: 0.11, 0.49, n =5) and was assessed
using similar measures (FEV1, n=1; HbAlc, n=3; CD4
count, n=1)

Adherence-Promoting Intervention Effect Sizes by
Adherence Measures and Delivery Modality

We then examined whether the types of adherence out-
comes used to test the adherence-promoting interventions
and whether the adherence-promoting intervention was
delivered via technology or not influenced the effect sizes
(see Tables III and IV). Significant overall effects were ob-
served for adherence outcomes when electronic monitors,
patient and parent report, and physician reports were used
(p’s <.05). The overall effects of both in-person and tech-
nology-based interventions were significant (p’s < .02).

Description of Heterogeneity
Substantial heterogeneity (I*=76.75%) was observed
across studies that used electronic monitoring (n=3),

but only moderate to low heterogeneity was observed for
studies that used parent- or patient-reported adherence
outcomes (I> < 47%; n=12). Substantial heterogeneity
(I*’=63.66%: n=17) was observed for interventions
that were delivered in person versus those delivered via
technology.

Risk of Bias Analyses

The risk of bias ratings showed that two studies (9%) dem-
onstrated high risk of bias and four (17%) demonstrated
unclear risk of bias related to sequence generation (see
Figure 2 for a summary of the risk of bias analysis and
Supplementary Figure 1 Online Material for individual
risk of bias ratings for each study). Studies demonstrating
high risk of bias related to sequence generation were lim-
ited by logistical difficulties (i.e., interventionists not avail-
able at all study sites). All studies (n =23) demonstrated
low or unclear risk of bias regarding allocation concealment
(e.g., sealed, opaque envelopes), accounting of patients
and outcome events (e.g., describing all patients lost
to follow-up), and selective reporting (e.g., reporting all
results regardless of findings). Of note, 3 studies (13%)
demonstrated high risk of bias and 18 (78%) demon-
strated unclear risk of bias related to blinding. In all stud-
ies, the high or unclear risk of bias was due to difficulties
psychosocial

in blinding participants involved in

interventions.
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Random sequence generation |

Allocation concealment |

Blinding of participants/personnel [ I —_—_—

Incomplete outcome data |

Selective outcome reporting |

Other problems |

0%
Low risk of bias

Figure 2. Risk of Bias summary.

GRADE Summary of the Evidence

The summary of findings for this study is presented in
Table II. For the articles included in this study, the quality
of the evidence base for postintervention adherence was
moderate as a result of downgrading for imprecision in
results. Moderate quality of an evidence base indicates
that additional research will likely impact our confidence
in the effect and may change the estimate itself. The quality
of the evidence base for follow-up adherence and
postintervention and follow-up disease outcomes was
downgraded to low because of imprecision in results and
indirectness. Low quality of an evidence base suggests that
future research is very likely to significantly impact our
confidence in the estimate of the effect and is likely to
change the estimate.

Discussion

This meta-analysis examined the most recent body of liter-
ature of randomized clinical trials examining the efficacy of
adherence-promoting interventions for children, adoles-
cents, and young adults. An updated meta-analysis sum-
marizing the adherence-promoting
interventions was warranted, as technological advances
have influenced both how we deliver and assess the out-
comes of adherence interventions. This study also provides
updated benchmarking on adherence-promoting interven-

effectiveness  of

tion assessment and methodology since the previously
published reviews (Dean et al., 2010; Graves et al,
2010; Kahana et al., 2008) as well as critical next steps
for the field.

Overall, both adherence and disease outcome effect
sizes for the included studies were small at postinter-
vention and at follow-up. In this sample of adherence-
promoting interventions, effect sizes differed modestly
based on the type of measure used to assess adherence

Unclear risk of bias [l

50% 100%

High risk of bias [l

but not based on whether the intervention included tech-
nological components. The effect sizes observed in this
meta-analysis were smaller than those in which researchers
included all adherence-promotion interventions regardless
of study design (Graves et al., 2010; Kahana et al., 2008).
Results, however, are consistent with previous secondary
analyses including only studies comparing experimental
and control groups (d=0.23, 95% CI. 0.17, 0.29,
n=>54). Thus, it is likely that the increased methodological
rigor of studies included in this review accounts for the
smaller effect sizes observed in this meta-analyses com-
pared with previous studies (Kahana et al., 2008).

The small effect sizes in this study may also be partially
attributable to the inclusion of one single-component in-
tervention. The effect size of this intervention was in an
unexpected direction and likely attenuated the overall
effect size reported in this study. Although the examination
of treatment components as a moderating variable was
planned, this analysis was not possible because only one
single-component intervention met inclusion criteria. The
increased number of multicomponent interventions may
represent evidence-based intervention development consis-
tent with findings by Kahana et al. (2008) illustrating that
multicomponent interventions produce higher mean ad-
herence effects than educational/instructional interven-
tions. However, as this treatment component is a known
predictor of intervention effectiveness, when sample sizes
allow, future reviews should examine the potential moder-
ating effect of single- multiple-component
interventions.

Finally, the relatively small effects observed in this
study may also reflect the need to test adherence-promot-
ing interventions on those with identified adherence diffi-
culties. Only four of the studies included patients and

versus

families with identified adherence problems. Recent longi-
tudinal adherence studies show that >40% (42% Modi,
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Rausch, & Glauser, 2011; 43% Rohan et al., 2013) of
youth with chronic illnesses may demonstrate ‘‘near-
perfect adherence.” Therefore, the effects of studies that
do not target patients with poor adherence patterns may be
attenuated by ceiling effects.

Implications for Future Adherence-Promoting
Intervention Research

The findings of this study highlight key methodological
issues that should be considered when planning future
adherence-promoting intervention research. Studies in-
cluded in this review conducted posttreatment and
follow-up assessments at a wide range of time points. To
facilitate comparisons across studies, inform conclusions
regarding intervention durability, and increase the likeli-
hood of dissemination, the timing of assessments should
be firmly anchored in theoretical or logistical rationale. For
example, a study designed to include assessments at time
points that map on to regular clinical care (e.g., corre-
sponding to clinic follow-up visits that occur every 3
months) may facilitate the evaluation of specific treatments
and subsequent dissemination efforts. In addition, studies
designed to include assessments following transitions in
the treatment regimen (e.g., transition from one medica-
tion to another) would provide increased information
regarding transfer of skills to a new treatment regimen.

To date, the majority of adherence-promoting inter-
ventions have been designed for a specific chronic illness
population. Although illness-specific tailoring allows inter-
ventions to specifically target the recommended medical
regimen, additional attention to developmental level of
the youth may offer an additional pathway to increasing
adherence-promoting intervention effectiveness. The ma-
jority of the samples of the studies included in this meta-
analysis (n=14) included patients across childhood and
adolescence. Regardless of the illness, adolescents consis-
tently have more adherence difficulties than younger
children (Rapoft, 2010). Therefore, it is possible that inter-
vention effects may have been attenuated by samples in-
cluding younger children with fewer adherence difficulties.
Unfortunately, because of the high variability in the age
ranges of the samples, we were unable to directly test
whether developmentally specific interventions yielded
larger effect sizes. Despite the logistical challenges that de-
velopmentally specific samples present, future adherence-
promoting intervention research should strive to comprise
relatively developmentally narrow samples to maximize the
accuracy of adherence-promoting intervention effect
estimates.

Limitations

The conclusions drawn from this meta-analysis must be
considered in light of limitations inherent to meta-analytic
methods and of the available existing literature. As the
purpose of this study was to describe the efficacy of
recent adherence-promotion interventions, only random-
ized controlled trials published since 2007 were included.
This methodological decision resulted in a relatively small
number of studies meeting inclusion criteria and ex-
cluded randomized controlled trials included in previous
reviews (Graves et al., 2010; Kahana et al., 2008). Results
should be interpreted in the context of this decision and
may not be representative of the entire body of adherence-
promotion intervention literature. Moreover, the quality
of the evidence base, as evaluated using the GRADE ap-
proach, were low to moderate, suggesting that future re-
search is likely to influence the estimates reported here. In
short, additional research will be needed to say with con-
fidence whether the effect sizes reported here are accurate
representations of the treatment effects. Another limita-
tion is the small number of studies coupled with the di-
versity of pediatric populations and adherence targets
included in the study. Our small sample size inhibited
the examination of several important treatment compo-
nents (i.e., interventionist, guiding theoretical framework,
pediatric population, single- vs. multi-component treat-
ments) that may impact treatment effectiveness. Finally,
as with all meta-analyses, this study is susceptible to the
“‘file-drawer”” problem and therefore may overrepresent
studies that had statistically significant effects.

Conclusion

The current findings reflect the substantial challenges in-
herent in conducting adherence-promoting intervention
research. Targeting subgroups of patients with adherence
difficulties from already small pediatric populations
makes sufficiently powering trials difficult. Going forward,
an increased emphasis will be needed on collaborative
and team research including multisite studies to obtain
the sample sizes needed to effectively test adherence-
promoting interventions. This will enable future meta-
analyses to more thoroughly examine specific types of
interventions, such as technology-based interventions, in
the future. Finally, increasing the time to follow-up for
adherence-promoting interventions could assist in deter-
mining the frequency of adherence-promoting interven-
tion sessions are needed to maintain adherence over
long periods. This is especially important in adherence-
promoting intervention work, as the majority of these
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patients will be managing a treatment regimen for the rest
of their lives.

Supplementary Data

Supplementary data can be found at: http://www.jpepsy.
oxfordjournals.org/
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