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Abstract

Objective To provide a comprehensive summary (systematic review) of medication adherence

rates by assessment method and medication type for pediatric patients with sickle cell disease

(SCD), as well as identify important correlates for future research. Methods Articles assessing

medication adherence and published between 1982 and February 2015 (n¼ 49) were identified us-

ing electronic databases. A meta-analysis of 14 studies examining demographic, medical, and psy-

chosocial factors and medication adherence was conducted. Results Adherence rates ranged

from 12% to 100% across all medications. Approximately 30% of studies reported associations be-

tween adherence and key demographic, medical, and psychosocial correlates. Mean effect sizes

were small to moderate (r¼ .02–.53). Conclusions The wide range of adherence rates reported

in the literature may be because of, in part, the use of variable assessment strategies. Future stud-

ies examining pediatric SCD adherence should incorporate key correlates with the goal of

replication.
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Sickle cell disease (SCD) is an inherited red blood cell
disorder that affects approximately 1 in 400–500
African American and 1 in 1,000–1,400 Hispanic/
Latino American children in the United States
(Division of Blood Diseases and Resources, National
Institutes of Health, 2002; Hassell, 2010).
Complications of SCD include pain crises, infections,
organ damage, and other medical sequelae that result
in increased health care utilization, as well as death
(Kauf, Coates, Huazhi, Mody-Patel, & Hartzema,
2009). Despite the significant morbidity and mortality
of SCD, developments in research and clinical care
have been slow relative to other potentially fatal medi-
cal conditions, prompting legislation to expand com-
prehensive SCD care (Smith, Oyeku, Homer, &
Zuckerman, 2006). However, some treatment ad-
vances have been significant in improving the course

of the disease including prophylactic antibiotics to
prevent septic infections and hydroxyurea to increase
fetal hemoglobin. Although these treatments have po-
tential for reducing morbidity and increasing the life
span (Rees, Williams, & Gladwin, 2010), there is evi-
dence that adherence to these medications is variable
(Walsh et al., 2014).

Medication adherence difficulties in children with
SCD can lead to additional disease complications and
even death. In one study, poor adherence to prophy-
lactic antibiotics was related to higher rates of infec-
tion and sickle cell pain crises (Patel & Athavale,
2004). Less than optimal medication adherence to
these treatments may increase emergency department
visits and inpatient hospitalizations, thereby increas-
ing health care costs. This is the case in other pediatric
chronic conditions (McGrady & Hommel, 2013), and
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suggests that poor medication adherence may have a
significant negative financial impact, on top of con-
tributing to detrimental health outcomes.

Relative to other common pediatric chronic ill-
nesses, such as asthma and diabetes, there is less
known about what contributes to adherence
difficulties in children with SCD. The Pediatric
Self-Management Model (Modi et al., 2012) is a
framework that emphasizes modifiable and nonmodi-
fiable influences, and suggests that demographic,
medical, and psychosocial factors at the patient,
family (e.g., marital status, parental involvement), and
health care system (e.g., access to care, patient-
provider communication) levels may have a negative
impact on adherence and health outcomes. However,
there is considerable inconsistency in study findings re-
garding correlates of adherence in pediatric SCD. For
example, some studies have found significant associa-
tions between demographic factors such as employ-
ment status (Witherspoon & Drotar, 2006), insurance
type (Raphael et al., 2013), and family income
(Barakat, Smith-Whitley, & Ohene-Frempong, 2002)
and adherence, while other studies have failed to dem-
onstrate these associations (Bitaraes et al., 2008;
Fisak, Belkin, von Lehe, & Bansal, 2011). Studies
examining the relation between patient and family
factors and adherence have also produced conflicting
results. Specifically, poorer child or parent psychoso-
cial functioning was significantly related to medica-
tion adherence difficulties in some studies (Barakat,
Lutz, Smith-Whitley, & Ohene-Frempong, 2005;
Witherspoon & Drotar, 2006), but not others
(Barakat et al., 2002; Raphael et al., 2013; Treadwell
et al., 2005).

Because SCD affects a greater number of individ-
uals from diverse backgrounds, there may be specific
stressors, such as discrimination and systemic factors
that uniquely contribute to adherence difficulties in
these families. Specifically, bias surrounding race and
ethnicity negatively influence providers’ perceptions of
adherence, and contributes to lower quality of care,
particularly when no clear standard of treatment exists
(Sabin, Rivara, & Greenwald, 2008) as is true with pe-
diatric SCD. Individuals from diverse backgrounds
may also experience overt and covert racism in medi-
cal settings (Musa, Schilz, Harris, Silverman, &
Thomas, 2009), which can contribute to the develop-
ment of general mistrust of health care providers
(Blanchard & Lurie, 2004). This is problematic, as
trust in the health care system and relationship with
medical providers influence adherence to recom-
mended medication regimens (De Civita & Dobkin,
2004). Additionally, from a logistical standpoint,
there may be difficulties accessing medical care and
medication, as patients with SCD have a lower mean
income than the national average and are more likely
to receive coverage through Medicaid (Brawley et al.,

2008). These barriers are cumulative among children
with SCD, such that higher numbers of risk factors re-
sult in even lower adherence rates (Witherspoon &
Drotar, 2006). In short, understanding culturally rele-
vant or modifiable factors that influence adherence
and how best to optimize adherence is critical for miti-
gating disparate outcomes for youth with SCD.

The first objective of this study was to conduct a
systematic review to provide the most comprehensive
summary of adherence rates by assessment method
and medication type in pediatric SCD. Additionally,
we aimed to describe characteristics of the individual
studies to highlight the current state of this literature
and common methodological approaches. Identifying
methodological strengths and weaknesses will serve to
inform future research design and maximize the ex-
tremely limited research funding for SCD. The second
objective was to conduct a meta-analysis to examine
the magnitude of associations between medication
adherence and key demographic, medical, and
psychosocial factors as suggested by the Pediatric Self-
Management Model (Modi et al., 2012). Few studies
of medication adherence in children with SCD evalu-
ate the association between adherence and key corre-
lates (e.g., age, internalizing symptoms, family
functioning) that have been identified in the larger pe-
diatric literature. Although a recent review of the SCD
adherence literature (Walsh et al., 2014) identified po-
tentially important correlates, including health care
utilization (e.g., hospitalizations) and barriers (e.g.,
forgetting), the magnitude of associations was not re-
ported in a systematic manner. This study is the first
to examine associations between demographic, medi-
cal, and psychosocial factors and SCD medication ad-
herence using meta-analytic methodology. Identifying
significant modifiable correlates of adherence across
existing studies is crucial for informing intervention
development, which could lead to improved adherence
and fewer health care disparities.

Method

Search Strategy and Study Selection
The following electronic databases were searched:
PubMed (all dates); Scopus, CINAHL, PsycINFO,
ERIC, Ovid, EBSCOhost, and EBMR Reviews (1982–
February 2015). Additionally, reference lists from
SCD medication adherence studies were checked for
additional papers that were not identified in the initial
electronic database searches. Key terms included,
“medication adherence,” “medication compliance,”
“treatment compliance,” “sickle cell disease,” “sickle
cell anemia,” “infant,” “child,” and “adolescent.”
Studies were included if they met the following crite-
ria: (1) individuals in the sample were diagnosed with
SCD, (2) the study included patients who were
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�21 years old, and (3) the study assessed medication
(vs. clinic attendance, transcranial doppler screenings,
etc.) adherence rates.

Data Extraction
Three of the authors (J.L.L., L.S., S.D.) retrieved data
from identified articles using a standardized data col-
lection form. The data retrieved included participant
demographic (e.g., age, sex, family income) and medi-
cal (e.g., SCD genotype, disease severity) characteris-
tics, adherence assessment instruments used, rates of
adherence, and correlates (e.g., health care utilization,
lab values, psychosocial functioning) of adherence.
These correlates were selected and structured for
analysis using theoretical guidance from the Pediatric
Self-Management Model (Modi et al., 2012). All ab-
stractions were reviewed by the first author (K.L.) and
discrepancies were resolved by consensus.

Study Quality Ratings
The studies included in the meta-analysis were eval-
uated using a 22-item quality rating rubric, which
was developed for this study. Items were generated
with guidance from other study quality rating tools
used for observational studies (DuRant, 1994;
Fowkes & Fulton, 1991). Two independent coders
(J.L.L., S.D.) rated each study according to the pres-
ence (1) or absence (0) of each quality metric (e.g.,
authors used a theoretical framework for the study;
at least one validated adherence measure was used),
yielding a total possible score from 0 (poor quality)
to 22 (excellent quality). Cohen’s kappa was used to
determine the degree of agreement between the two
coders for each metric (Cohen, 1960). Rater agree-
ment (j¼ .73) was substantial (Landis & Koch,
1977). Disagreement regarding codes was resolved
by the first author (K.L.).

Statistical Analyses
Studies that considered the association between
medication adherence and a demographic, medical, or
psychosocial factor of interest were included in the
meta-analysis. Correlates were assigned to one of the
following broader categories: Demographic (e.g., age,
family income, insurance status), Medical (e.g., hospi-
talizations, biomarkers), Disease Knowledge,
Adherence Barriers, and Psychosocial Functioning
(e.g., health-related quality of life [HRQL], child be-
havior problems). If a correlate was assessed in two or
more studies, a separate effect size (ES) was calcu-
lated. If only one study examined a particular associa-
tion (e.g., adherence and self-efficacy), it was used to
calculate the ES for the broader category.
Comprehensive Meta-analysis V2 (Biostat, 2005) was
used to calculate the mean ES. Pearson’s r was used as
the measure of association between a given correlate

and rate of medication adherence. The random-effects
model is reported for all ES. Random-effects
models are used when studies have variable methodol-
ogies and to generalize the mean ES to the larger pop-
ulation (Borenstein, Hedges, Higgins, & Rothstein,
2010).

Results

Search Results
After thorough review of abstracts and manuscript
content, our searches identified 49 studies that re-
ported rates of medication adherence among pediatric
patients with SCD. Of the 49 articles that were in-
cluded in the systematic review, 14 met criteria for the
meta-analysis. The additional 35 articles were ex-
cluded because 9 (18.4%) did not include any mea-
sures of correlates, 13 (26.5%) did not examine
associations between adherence and other factors as-
sessed in the study (e.g., hospitalizations, % HbF),
and 14 (28.6%) required additional information from
authors because an association was tested, but a corre-
lation coefficient was not reported. One author sup-
plied the requested data. Two authors could not be
reached owing to failure to find current contact infor-
mation. Four authors indicated that they no longer
had access to the raw data. The remaining seven au-
thors did not respond. As a result, no additional infor-
mation could be gathered, and those 13 articles were
excluded from the meta-analysis. Figure 1 contains the
PRISMA four-phase flow diagram depicting study
selection.

Systematic Review Study Characteristics
There were 49 studies that met criteria for the sys-
tematic review. Studies were conducted on five differ-
ent continents, including North America (United
States, n¼36; Canada, n¼1; Jamaica, n¼ 1),
Europe (England, n¼ 3; France, n¼1; Italy, n¼ 1),
South America (Brazil, n¼ 1), Asia (Saudi Arabia,
n¼ 3; India, n¼1), and Africa (Nigeria, n¼1). Study
sample sizes ranged from 8 to 763 (median¼50).
The mean age across participants was 8.4 years. Of
note, eight studies did not report the mean age of par-
ticipants. Forty-one (83.7%) studies provided infor-
mation about the children’s gender. The percentage
of males ranged from 39.5% to 100% (M¼56.8%,
SD¼ 11.4%). Only 12 (24.5%) studies reported
quantifiable information about the race or ethnicity
of the participants. Thirteen (6.5%) reported family
income. Seven (14.3%) studies reported the partici-
pants’ insurance status. Of these studies, the average
percentage of participants with public insurance was
89% (range¼ 66.7–100%). Thirty-five (71.4%)
studies reported the participants’ SCD genotype
breakdown. Of those studies, the mean percentage of
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patients with HbSS (the most severe and common ge-
notype) was 86.4% (range¼48.4–100%). Fourteen
(28.6%) studies reported recruitment rates. Of those
studies, the mean recruitment rate was 69.4%
(range¼44%–100%). The average retention rate
was 79.5%; however, only two studies reported this
information.

Rates of Adherence by Assessment Method
Twenty-seven (55.1%) studies used a single method to
assess adherence, 21 (42.9%) studies used multiple
methods (e.g., questionnaire and pharmacy refill
data), while one study (2%) did not report the assess-
ment method. Twenty-nine (59.2%) studies used at
least one subjective measure (e.g., questionnaire, di-
ary), while 33 (67.3%) studies used at least one objec-
tive (e.g., bioassay, electronic monitoring) measure
(see Table I).

Subjective Methods
Twenty-seven (55.1%) studies assessed adherence us-
ing self-report and/or parent-proxy report. The instru-
ment used varied considerably, with 63% of studies
reporting adherence as a percentage. Most of the re-
maining studies reported adherence on a Likert scale,
which was either validated (e.g., Self Care Inventory-
Sickle Cell; Hilker, Jordan, Jensen, Elkin, & Iyer,
2006) or developed for the purpose of the study (e.g.,
Visual Analog Scale), or based on the presence or ab-
sence (yes/no) of adherence behaviors (e.g., Morisky
score; Morisky, Green, & Levine, 1986). Adherence
rates reported as percentages for self- or proxy-report
ranged from 12.5% to 96% (M¼ 66.5%,
Mdn¼69.25%) across studies. Seven (14.3%) studies
assessed adherence using medical provider rating. Of
these seven studies, three (42.9%) reported adherence
using a percentage, with the remaining studies using
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Figure 1. The PRISMA four-phase flow diagram detailing study selection.
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Table I. Summary of Studies Based on Medication Type

Author, Year N M age
or range
(years)

%
male

Adherence measure Adherence %
or

M adherence

Prophylactic antibiotics
Anglin et al., 1984 34 0.5–5 NR Bioassay (urine test) 64%
Babiker, 1986a 24 2–5 NR Bioassay (urine test) 40%
Babiker, 1986b 32 5.9 66.0 Bioassay (urine test) 44%
Berkovitch, 1998 45 3.1 NR Electronic monitoring (MEMS) 65.8–82%
Bitaraes et al., 2008 108 2.1 45.0 Self-report 48%

Medical record review 89%
Bioassay (urine test) 56%

Buchanan, Siegel, Smith, &
DePasse, 1982

38 1.9 65.8 Bioassay (urine test) 64%

Buchanan & Smith, 1986 88 0.25–4.6 Self-report 12.5%
Colombatti et al., 2012 90 2.9 45.6 Medical record review 40–100%
Cummins, Heuschkel, & Davies,

1991
50 <16 NR Self-report 62%

Bioassay (urine test) 47%
Dalton et al., 2005 12 11.3 66.7 Bioassay (urine test) 75%
Day, 1992 8 NR NR Self-report 12.5%
Elliott et al., 2001 50 2.4 48 Self-report 54%

Pharmacy refill data 12%
King, Ali, Knight-Madden,

MooSang, & Reid, 2011
78 2.6 53.8 Medical record review 88.5%

Patel and Athavale, 2004 325 7.05 57.5 Urine test þ pill count 24.87%
Patel, Lindsey, Strunk, &

DeBaun, 2010
93 7.0 59.1 Medical record review 54.9%

Pejaver, Ahmed, & Al Hifzi,
1997

42 0.9–12 53.6 Self-report 63.4%
Bioassay (urine test) 46.3%

Sox, Cooper, Koepsell,
DiGiuseppe, & Christakis,
2003

261 1.4 54.8 Pharmacy refill data 41%

Teach, Lillis, & Grossi, 1998 125 8.9 49.6 Self-report 67.5%
Bioassay (urine test) 43.1%

Warren et al., 2010 407 “Infants” NR Pharmacy refill data 40%
Witherspoon & Drotar, 2006 30 2.95 50.0 Self-report (barriers interview) 56.7%

Medical provider rating (1–7 scale) 50%
Pharmacy refill data 33.3%

Hydroxyurea
Creary, Gladwin, Byrne,

Hildesheim, & Krishnamurti,
2014

14 13.7 50.0 Self-report (Morisky) � 2 93%
MPR 75%
Video observation 88.6%

Crosby et al., 2012 43 12.81 39.5 Self-report 88%
Medical provider rating 40%

Dalton, 2005 12 11.3 66.7 Self-report 87–100%
Bioassay (urine test) 83%

de Montalembert et al., 2006 225 9.2 60.9 Self-report 92.5%
Kinney et al., 1999 84 9.8 52.4 Pill count 74%
Olivieri & Vichinksy, 1998 17 12.3 NR Self-report (diary) 76.3%

Electronic monitoring (MEMS) 96%
Patel, 2010 93 7.0 59.1 Medical record review 60.5%
Thornburg, Calatroni, Telen, &

Kemper, 2010
75 <18 53.0 Self-report (VAS) 59%

Self-report (Morisky) 62%
Medical provider rating 64%
Pharmacy refill data 37%

Thornburg, Rogers, et al.,
2010b

153 0.75–1.4 NR Pill count 88.9%

Ware et al., 2002 53 9.5 60.0 Pill count 94.4%
Ware et al., 2004 35 11.9 65.7 Discussion with patients þ fre-

quency of missed clinic appoint-
ments þ blood counts þ% HbF

86%

Zimmerman et al., 2004 122 0.5–19.7 71.0 Self-report þ pill count þ lab values 88%
Zimmerman, Schultz, Burgett,

Mortier, & Ware, 2007
37 6.8 NR Hematological parameters þ clinic

attendance
84%

(continued)
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an unvalidated Likert scale. Adherence rates reported
as percentages for medical provider rating ranged
from 40% to 64% (M¼51.3%, Mdn¼ 50%).

Objective Methods
Fourteen (28.6%) studies assessed adherence using
bioassay (e.g., urine test). Adherence rates by this
method ranged from 40% to 96% (M¼ 59.9%,
Mdn¼56%). Six (12.2%) assessed adherence using
pharmacy refill records. Adherence rates by this
method ranged from 12% to 60% (M¼ 37.2%,
Mdn¼38.5%). Ten (20.4%) studies assessed adher-
ence using pill count. Adherence rates by this method
ranged from 43% to 94.4% (M¼ 66.8%,
Mdn¼66.2%). Five (10.2%) studies assessed adher-
ence using medical record review (no further details
provided). Adherence rates by this method ranged
from 29.6% to 100% (M¼65.1%, Mdn¼ 59.4%).

Three (6.1%) assessed adherence using electronic
monitoring. Adherence rates by this method ranged
from 65.8% to 96% (M¼74.9%, Mdn¼ 69.3%).
One study used electronic directly observed therapy
(i.e., video recordings of medication ingestion) and the
adherence rate was 88.6%. Finally, one study used in-
surance claims data and the adherence rate was
81.7%.

Combined Methods
Five (10.6%) studies reported adherence rates based
on a combination of two or more methods (e.g., self-
report, pill count, and lab values). In this case, only
one rate was reported based on an aggregate of differ-
ent assessment strategies. Adherence rates when a
combination was used ranged from 24.87% to 97.6%
(M¼ 76.1%, Mdn¼ 86%).

Table I. Continued

Author, Year N M age
or range
(years)

%
male

Adherence measure Adherence %
or

M adherence

Iron chelators
Alvarez et al., 2009 21 13.8 52.0 Self-report 71%

Pill count 43%
Jordan, Vekeman, Sengupta,

Corral, Guo, & Duh, 2012
762 NR 41.0 MPR (deferoxamine) 41.8%

MPR (deferasirox) 58.4%
Treadwell et al., 2005 15 12.1 46.7 Self-report (Morisky) 2.0

Medical provider rating “Moderate”
Pharmacy refill data 60%

Tsouana et al., 2015 62 9.2 45.0 Self-report (questionnaire) 75%
Clinical assessment þ medical re-

cord review þ interview
89%

Ware, Zimmerman, & Schultz,
1999

16 NR 68.75 Not specified 22.2%

Other medications
Resar et al., 2002 8 8.6 87.5 Self-report (diary) þ pill count þ

electronic monitoring (APREX)
97.6%

Williams et al., 1996 80 3.3 59.0 Self-report 94%
Bioassay (urine test) 96%

Williams et al., 2004 27 5.2–17.9 48.1 Self-report (calendar) 96%
Overall medication regimen
Barakat et al., 2002 81 7.54 58.0 Self-report (general information

form)
84.8%

Medical provider rating (1–7 scale) 5.3
Barakat et al., 2005 64 10.5 59.6 Self-report (general information

form)
84.2%

Physician rating (1–7 scale) 5.4
Davis, 1998 519 2.5 NR Insurance claims 81.7%
Fisak et al., 2011 78 11.38 55.1 Self-report (SCI-SC; 18–90 range) 75.7
Hilker et al., 2006 99 10.85 59.6 Self-report (SCI-SC) 86%
Ikefuna & Emodi, 2007 71 7.5 53.5 Medical record review 29.6%
Jensen, 2005 97 10.8 59.8 Self-report (SCI-SC; 1–5 scale) 4.0
Patel, 2010 93 7.0 59.1 Medical record review 58.4%
Raphael et al., 2013 150 1–17 52.7 Self-report (SCI-SC; 1–5 scale) 4.3
Van Sciver, D’Angelo,

Rappaport, & Woolf, 1995
22 11.9 100 Medical provider rating (1-4 scale) 3.0–3.6

Wojciechowski, Hurtig, &
Dorn, 2002

18 20.3 50.0 Self-report (SCD compliance ques-
tionnaire; 0–28 scale)

23.7

Note. MEMS¼medication event monitoring system; SCI-SC¼ self-care inventory-sickle cell; MPR¼medication possession ratio;

VAS¼ visual analog scale; HbF¼ fetal hemoglobin; NR¼not reported.
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Rates of Adherence by Medication Type
Prophylactic Antibiotics
There were 20 (40.8%) studies that assessed adher-
ence to antibiotics (i.e., penicillin). Adherence rates
for this medication type ranged from 12% to 100%
(M¼ 54.6%, Mdn¼ 55.5%).

Hydroxyurea
There were 13 (26.5%) studies that assessed adher-
ence to hydroxyurea. Adherence rates for this type
ranged from 12% to 100% (M¼73.7%, Mdn¼
79.7%).

Iron Chelators
There were five (10.2%) studies that assessed adher-
ence to deferasirox (n¼2), desferoxamine (n¼2), or
both (n¼ 1). Adherence rates for this medication
ranged from 22.2% to 89% (M¼ 56.1%, Mdn¼
54.6%).

Other Medications
There were three (6.1%) studies that assessed adher-
ence to other medications, including sodium phenylbu-
tyrate (Resar et al., 2002), nonprophylactic antibiotics
(Williams et al., 1996), and glutamine supplements
(Williams et al., 2004). Adherence rates for these medi-
cations ranged from 94% to 97.6% (M¼ 95.9%,
Mdn¼96%).

Overall Medication Regimen
There were 11 (22.4%) studies that assessed the over-
all medication regimen. Of these, six (54.5%) reported
adherence using a percentage. Adherence rates re-
ported as percentages for the overall medication regi-
men ranged from 29.6% to 86% (M¼ 70.8%,
Mdn¼82.95%).

Meta-Analysis Results
There were 14 studies that qualified to be included in
the meta-analysis. The total sample size across these
studies was 921. On average, participants were 9.4
years old and 56% male. Studies in the meta-analysis
examined adherence to the overall medication regi-
men (50%), prophylactic antibiotics (21.4%), hy-
droxyurea (14.3%), iron chelators (7.1%), and
sodium phenylbutyrate (7.1%). A majority (92.9%)
of studies used self- or parent-proxy report of adher-
ence. Other adherence assessment methods included
medical provider rating (50%), pharmacy refill data
(28.6%), pill count (14.3%), bioassay (7.1%), and
electronic monitoring (7.1%). Adherence rates col-
lected from these studies were evaluated in relation
to various demographic, medical, and psychosocial
correlates. These correlates were assessed using a va-
riety of established and nonvalidated measures. All
factors were examined in relation to adherence, such

that a greater value of the factor was associated with
higher adherence. Mean ES and 95% confidence in-
tervals are presented in Table II and graphically in
Figure 2.

Demographic Factors
The following patient and family demographics were
examined in relation to medication adherence: age,
gender, insurance status, and income. There was a
small mean ES across all factors. However, there was
a significant effect for age, with older age being associ-
ated with poorer adherence.

Medical Factors
The following medical factors were evaluated in rela-
tion to medication adherence: genotype (e.g., HbSS,
HbSC), hospitalizations, pain crisis frequency, health
status, transfusion status, SCD complications, urgent
care visits, routine care visits, number of phone calls
to the hematology clinic, and biomarkers. The mean
ES across medical factors was small. There was a neg-
ative correlation between adherence and hospitaliza-
tions in three of four studies and adherence and
outpatient visits in two of three studies, such that bet-
ter adherence was associated with decreased health
care utilization. The following biomarkers were exam-
ined in relation to medication adherence: fetal hemo-
globin (HbF), hemoglobin level, white blood count,
and % F-reticulocyte. The mean ES for biomarkers
was moderate.

Disease Knowledge
This construct was assessed in relation to adherence in
28.6% of the 14 studies. Mean ES for knowledge was
small.

Table II. Meta-Analysis Results

Factor n studies Mean ES 95% CI

Demographic 12 �0.055 �0.21, 0.11
Age 5 �0.197** �0.34, �0.05
Gender 3 0.021 �0.10, 0.14
Income 2 0.149 �0.12, 0.40
Insurance status 2 0.072 �0.19, 0.33

Medical 12 �0.068 �.28, 0.15
Biomarkers 4 �0.292* �0.54, 0.00
Hospitalizations 4 �0.078 �0.38, 0.24
Outpatient visits 3 �0.166 �0.35, 0.13

Disease knowledge 4 0.148 �0.01, 0.30
Adherence barriers 3 �0.533** �0.65, �0.40
Psychosocial functioning 11 �0.025 �0.26, 0.21

Child HRQOL 2 �0.105 �0.73, 0.61
Parent stress 3 �0.106 �0.41, 0.22

Note. ES¼ effect size; CI¼ confidence interval; HRQOL¼health-
related quality of life.

*p< .05, **p< .01.
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Adherence Barriers
Three studies assessed the association between adher-
ence and barriers (e.g., forgetting, caregiver is too
busy, medication ran out). The mean ES was moder-
ate, with fewer barriers being associated with better
adherence.

Psychosocial Factors
The following psychosocial functioning factors across
family members were examined in relation to adher-
ence: HRQOL, parent coping, parent problem solving,
parent behavior control, parent perceived stress, par-
ent social support, parent health motivation, health
optimism, self-efficacy, child behavior problems, par-
ent beliefs about medication. There were small mean
ES across these domains.

Study Quality
Studies included in the meta-analysis had a mean qual-
ity rating of 15.7 (SD¼3.0; range¼9–20; maxi-
mum¼22). Of the studies rated, 8 (57%) had clearly
stated hypotheses, 10 (71%) described inclusion/ex-
clusion criteria, 11 (78%) used at least one validated

tool to assess adherence correlates (e.g., barriers,
knowledge), and only 1 (7%) included a power
analysis.

Discussion

This study aimed to comprehensively identify and
summarize research to date examining medication
adherence rates among pediatric patients with SCD.
Forty-nine studies were identified that reported
medication adherence rates as either a primary or
secondary aim since the early 1980s, which is more
than double the number of studies that have been re-
viewed previously (Walsh et al., 2014). There was a
wide variation in adherence rates reported based on
type of adherence method used and the medication
being measured. Specifically, the mean adherence
rate from subjective methods was higher than the
mean from objective measures, a trend that has been
established in other pediatric chronic medical condi-
tions (Hommel, Davis, & Baldassano, 2009).
Adherence was lowest for prophylactic antibiotics
(e.g., penicillin) and iron chelators compared with
hydroxyurea and other medications. Additionally,

Figure 2. Forest plot of correlations and 95% confidence intervals. Broader domains are displayed in bolded font.
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less than a third of studies evaluated adherence in
relation to demographic, medical, or psychosocial
factors, indicating that the literature regarding cor-
relates is underdeveloped.

Among the correlates tested in the meta-analysis,
medication barriers and biomarker levels had the
strongest associations with adherence. Medication
barriers represent a modifiable factor that has also
been related to adherence in other pediatric chronic ill-
ness populations (Ingerski, Baldassano, Denson, &
Hommel, 2010; MacDonell, Naar-King, Huszti, &
Belzer, 2013; Simons, McCormick, Devine, & Blount,
2010). Small mean ESs were found for other factors,
including demographic characteristics, health care uti-
lization, and HRQL. This was unexpected given that
these associations have been documented in past pedi-
atric adherence research (Rapoff, 2010). The small
ESs were likely owing to the limited number of studies
examining these correlates, as well as inconsistent di-
rection of effects. For example, some studies reported
an inverse association between adherence and hospi-
talizations (Elliott, Morgan, Day, Mollerup, & Wang,
2001; Fisak et al., 2011; Jensen et al., 2005), while
one study found a positive correlation (Barakat et al.,
2002). This trend was also found in studies of the rela-
tion between adherence and HRQL. More studies
need to be conducted to gain a clearer understanding
of how these factors relate to adherence in pediatric
SCD.

When making conclusions about the body of pedi-
atric SCD adherence literature, it is important to con-
sider potential limitations regarding the design of
individual studies. First, a wide range of assessment
strategies were used to measure adherence. The most
frequent method of assessment was subjective, with
self-report (53% of studies) being the most common
across all studies in the review. Additionally, 57% of
studies used only a single measure of adherence. This
is in contrast to recommendations in the literature
(Hommel et al., 2009; Quittner, Espelage, Ievers-
Landis, & Drotar, 2000), which advocate for combin-
ing multiple methods of adherence assessment (given
the limitations inherent in currently available mea-
sures). Second, many articles had an unclear definition
of adherence. For example, several authors reported
that a certain percentage of participants were classi-
fied as “nonadherent,” but did not provide the param-
eters they used to make that determination. Even
when definitions were provided, there was extreme
variability in terms of the criteria for a patient to be
classified as adherent or nonadherent. Additionally,
adherence was assessed over a variable time frame
(yesterday vs. past week vs. no period specified),
which makes comparisons across studies tenuous.
Further, it is concerning that statements about
medication efficacy and positive impact on clinical
outcomes (e.g., hospitalizations) were made based on

pharmaceutical trials that did not assess or report ad-
herence rates (Aygun et al., 2013; Nottage et al.,
2013; Scott, Hillery, Brown, Misiewicz, & Labotka,
1996), particularly given that existing literature shows
a wide range in adherence. In contrast, among drug
trials that did report adherence rates (Kinney et al.,
1999; Thornburg, Rogers, et al., 2010; Ware et al.,
2002), there may be issues related to validity, includ-
ing lack of evidence-based assessment strategies and
demand characteristics. Finally, many of the studies
that evaluated associations between adherence and
other factors did not provide information about the
magnitude of the relation.

The results of the current systematic review and
meta-analysis can directly inform future research in
SCD to optimize the limited funding that is available
for these studies. First, consistent with recommenda-
tions from the broader pediatric literature, studies
should use evidence-based adherence assessment tools
(e.g., electronic monitoring), and, ideally, combine
subjective and objective methods (Hommel et al.,
2009). Second, results from the current meta-analysis
revealed that barriers to the medication regimen and
biomarkers (e.g., HbF) had the strongest associations
with adherence. Despite the strong ESs for these con-
structs, there were few studies that examined adher-
ence in relation to barriers (n¼ 3) or biomarkers
(n¼ 4). Third, there are factors that have been consis-
tently linked to poor adherence in other pediatric
chronic illnesses, including single parent household,
less disease knowledge, greater family conflict, and
low perceived social support (Modi et al., 2012). It is
not known at this time whether these associations gen-
eralize to children with SCD, particularly given the
unique aspects of SCD, including that it predomi-
nantly affects African Americans in the United States.
Fourth, the association between adherence and health
outcomes (e.g., pain crises, stroke, health care utiliza-
tion) should be further examined. This will help clarify
how adherence is or is not linked to relevant health
outcomes. Fifth, there were only a handful of studies
that assessed adherence over time. Longitudinal re-
search is a crucial step in identifying predictors and
health outcomes of adherence behaviors. Sixth, only 2
(Berkovitch et al., 1998; Day, Brunson, & Wang,
1992) of the 49 studies described interventions to im-
prove adherence among children with SCD. Although
there is a critical need for adherence-promotion inter-
ventions, additional research is needed to identify
which modifiable correlates (e.g., knowledge, alloca-
tion of responsibility, family functioning) should be
targeted in these treatment programs. Finally, future
research should examine adherence to other existing
and emerging therapies for SCD, including chronic
blood transfusions and hematopoietic stem cell trans-
plantation as rates may differ from medications.
Adequate funding must be available to conduct
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high-quality research in the future. In combination,
there is almost nine times the amount of money spent
per person with cystic fibrosis compared with SCD,
despite the fact that it is a third of the prevalence in
the United States (Smith et al., 2006). Resources are
needed to support studies that identify best practices
for overcoming historical and logistical barriers (e.g.,
transportation, reimbursement) to improve enrollment
and retention of patients with SCD.

Study findings also have implications for the clini-
cal care of pediatric patients with SCD. First, clini-
cians should be aware that estimates of adherence
based on self-report will likely be higher than when
other methods are used. The use of objective or multi-
ple forms of adherence assessment should be imple-
mented when possible. Second, clinicians should pay
particular attention to children who are prescribed
penicillin and iron chelators, as adherence rates to this
medication were lower than other medications. Third,
as adolescence is a nonmodifiable risk factor for ad-
herence difficulties, patients in this developmental
stage should receive close monitoring. Lastly, clini-
cians should routinely assess and provide intervention
(e.g., problem-solving) around barriers to the medica-
tion regimen, as they have a strong association with
adherence.

Findings from the current investigation should be
considered within the context of methodological limi-
tations. First, only results published in peer-reviewed
journals are represented in this systematic review and
meta-analysis. There may be other studies that have
examined medication adherence in pediatric SCD.
Second, there were a small number of studies included
in the meta-analysis owing to most studies not exam-
ining medication adherence in relation to demo-
graphic, medical, or psychosocial factors. Finally,
there was heterogeneity in the method of adherence
assessment used, as well as how correlates were as-
sessed. Stronger correlations may have been detected
with the use of validated measures to assess adherence
and correlates.

In sum, there have been 49 adherence studies pub-
lished since the early 1980s, approximately half of
which were within the past 10 years. This body of lit-
erature is less than that of children with chronic condi-
tions that are not as prevalent, such as solid organ
transplant recipients, which has 61 studies in a shorter
time frame (1989–2008; Dew et al., 2009). Although
this review provides some initial insight into potential
correlates of adherence, many questions remain about
predictors of adherence, as well as the impact of poor
adherence on health outcomes. Additionally, it is criti-
cal that this information is translated into the develop-
ment of interventions to improve adherence among
children with SCD, particularly as medications such
as hydroxyurea become the standard of care for
treatment.
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