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abstract
OBJECTIVES: Describe rates of adherence for sickle cell disease (SCD)
medications, identify patient and medication characteristics associated
with nonadherence, and determine the effect of nonadherence and moderate adherence (deﬁned as taking 60%–80% of doses) on clinical
outcomes.
METHODS: In February 2012 we systematically searched 6 databases
for peer-reviewed articles published after 1940. We identiﬁed articles
evaluating medication adherence among patients ,25 years old with
SCD. Two authors reviewed each article to determine whether it should
be included. Two authors extracted data, including medication studied,
adherence measures used, rates of adherence, and barriers to adherence.
RESULTS: Of 24 articles in the ﬁnal review, 23 focused on 1 medication
type: antibiotic prophylaxis (13 articles), iron chelation (5 articles), or
hydroxyurea (5 articles). Adherence rates ranged from 16% to 89%;
most reported moderate adherence. Medication factors contributed
to adherence. For example, prophylactic antibiotic adherence was better with intramuscular than oral administration. Barriers included fear
of side effects, incorrect dosing, and forgetting. Nonadherence was
associated with more vaso-occlusive crises and hospitalizations. The
limited data available on moderate adherence to iron chelation and
hydroxyurea indicates some clinical beneﬁt.
CONCLUSIONS: Moderate adherence is typical among pediatric patients
with SCD. Multicomponent interventions are needed to optimally deliver
life-changing medications to these children and should include routine
monitoring of adherence, support to prevent mistakes, and education to
improve understanding of medication risks and beneﬁts. Pediatrics
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BACKGROUND
Sickle cell disease (SCD) is a genetic
disorderaffecting approximately 100 000
people in the United States.1 SCD is associated with high morbidity and mortality rates. In the past decade, several
new medications have become available
that have the potential to prolong the
duration and improve the quality of life
for pediatric patients with SCD.2
Medications shown to be efﬁcacious
in research studies may be less effective in clinical practice because of
nonadherence.3,4 Adherence has been
deﬁned as “the extent to which a patient
is taking his medication as prescribed
by his healthcare providers.”4 Poor adherence reduces the effectiveness of
medications, places patients at risk for
serious complications, and signiﬁcantly
increases health care costs.3,4 For example, nonadherence to antibiotic prophylaxis may leave young children with
SCD susceptible to overwhelming sepsis
and death.5 Nonadherence is estimated
to account for $100 to $300 billion in
annual US health care costs.6,7

scription reﬁll count, serum or urine drug
levels), report measures tend to overestimate adherence.4 In addition, adherence to sickle cell medications may vary in
other factors such as frequency of use and
monitoring required, as seen in other
conditions.4,11 Poor adherence to medications in other chronic illnesses has been
related to medication, patient, and family
characteristics.4,12 To improve clinicians’
understanding of medication adherence in
pediatric patients with SCD, we conducted
a systematic review of the literature.
Among pediatric patients with SCD, our
aims were to describe rates of adherence
for different SCD medication types, identify
patient and medication characteristics
associated with nonadherence, and describe the effect of nonadherence and
moderate adherence (deﬁned as 60%–
80% of doses taken) on clinical outcomes.

Web of Science, and the World Health
Organization Global Health Library in
February 2012 for publications after
1940. Search terms included medication
names (eg, hydroxyurea or penicillin
prophylaxis), disease names (eg, sickle
cell anemia or hemoglobin SS), and
adherence terms (eg, patient adherence
or medication noncompliance) (see the
Appendix). The search was performed by
a professional librarian (K.L.) who did
not restrict the search in any way; the
results of this search were screened by
clinician reviewers for relevance to study
objectives. In addition, we performed
an ad hoc search of bibliographies of
articles selected for review to identify
additional references not identiﬁed in
our primary search.

METHODS

Studies were included if they addressed
medication adherence, included patientswith SCD, were in English, included
pediatric patients ,25 years old, and
were primary research studies (ie, not

Article Retrieval
We performed a systematic review of
PubMed, Cochrane, Embase, Scopus,

Study Selection

Clinicians report that nonadherence to
medications and to monitoring are
barriers to treatment in SCD.8 When
asked about factors important to adherence to prophylaxis in patients with
SCD, clinicians perceptions of important
factors did not always agree with factors that actually affect adherence; for
example, only 6% included patient fear
of side effects and only 20% patient
doubts about medication effectiveness.9
Although providers recognize that nonadherence to SCD medications poses
a signiﬁcant barrier to effective disease
management, they may have difﬁculty
identifying which patients in their practice exhibit nonadherent behaviors. Approaches to assessing and monitoring
adherence by most health care teams may
notreliablyidentifynonadherentpatients.10
Compared with more objective methods of
estimating adherence (eg, pill count, pre1176

FIGURE 1

Abstracts identiﬁed by search strategy and included in ﬁnal literature review.
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a literature review or editorial) (Fig 1).
Each abstract was reviewed by two
authors (D.G.B., S.L.C., P.K., K.E.W.), who
made decisions about whether the fulltext article should be reviewed. If $1
author felt the article should be reviewed, it was. Each full article was then
independently reviewed by 2 authors
who made judgments about whether the
article should be included in the ﬁnal
review using a standard data form.
Reasons for exclusion were recorded.
Disagreements were resolved through
discussion.
Data Extraction
We adapted a data collection method
from thoseusedin ourpreviousresearch
to capture information about study design, medication type, population ageand
diagnoses, measures of adherence, adherence rates, patient and medication
factors associated with nonadherence,
and clinical effects of nonadherence or
moderate adherence.13–15 As in previous
studies, information from each article
was entered independently by 2 authors
(K.E.W. and C.M.) to minimize bias in data
extraction.16 Differences in extraction
were reconciled through rereview of the
article.
We classiﬁed articles based on type of
medication studied and, within medications, by the method used to measure
adherence, because adherence rates
vary depending on the method used.4
Articles included in the review described
a range of methods for measuring adherence. These included by report (by
parent or adolescent, by clinician, or
Morisky scale17–19), direct measurements of unconsumed medication (pill
count or measurement of remaining
volume for liquid medications), medication monitoring devices (eg, Medication
Event Monitoring System [MEMS] caps
recording frequency and timing of bottle
opening), pharmacy claim data (eg, medication possession ratio [MPR]: days supplied divided by the number of days of

observation from the ﬁrst dispensed dose
to the end of a speciﬁed follow-up period),20
and drug level (eg, urinary assay).21–23
We assessed reliability of the results for
the articles using the Newcastle–Ottawa
Quality Assessment Scale; this checklist,
which has been used in several studies,
is designed to assess the quality of observational studies used in systematic
reviews.22–25 Of the 8 domains in the
checklist for cohort studies, 4 were relevant to the studies. One author rated all
included studies on these 4 items: representativeness of the population, assessment of adherence, adequacy of
follow-up, and length of follow-up. For
young pediatric patients, studies used
parents and other primary caregivers as
reporters of adherence; throughout this
article we refer to the primary caregiver
for the child as “parent.” From each article, we identiﬁed risk and protective
factors for adherence along each step in
the medication use pathway (prescribing,
dispensing, administering, monitoring).26
Finally, we deﬁned levels of moderate
adherence as taking 60% to 80% of doses.

moderate adherence on clinical outcomes.
Regarding risk for bias in the included
studies, according to the Newcastle–
Ottawa Quality Assessment Scale, all
studies had adequate length of follow-up
period, and 92% had adequate assessment of adherence.22,23 Seventy-ﬁve
percent had adequate representativeness of the sample population; the
remaining 25% failed to state how they
derived the study cohort. Eighty-eight
percent of studies had adequate followup information; the 3 studies that did not
had missing adherence information on
a large portion of the study cohort.
Adherence Rates
Overall rates of adherence were higher
for reported measures (48%–89% adherent) than for objective measures
such as urinary assays (40%–56% adherent) or pharmacy reﬁll data (12%–
60% adherent) (Table 1). Only 1 article
compared adherence to different types
of medications for SCD and found similar rates of adherence for hydroxyurea
(mean MPR 60%), folic acid (mean MPR
61%), and penicillin (mean MPR 55%).28

RESULTS
Our initial search identiﬁed 299 abstracts; an additional 15 articles were
identiﬁed from cited references (Fig 1).
Ninety-one articles were identiﬁed for
full review. Of these, 24 met all inclusion criteria; data were abstracted
and tabulated for this review.
Studies enrolled 10 to 519 subjects, but
only 5 studies (21%) had more than 100
patients. Seven studies were multisite;
4 were drug trials, in which analysis of
medication adherence was a secondary
aim. Studies sometimes were missing
adherence data for many subjects. For
example, 1 study evaluated antibiotic
adherence in 50 children using parent
report and urine samples, but only 23
urine samples were obtained.27 There
were 14 prospective studies; 8 evaluated
the clinical impact of nonadherence, and 4
provided information about the effect of

Hydroxyurea
Adherence rates in 3 multicenter drug
trials of hydroxyurea ranged from 74% to
94%, as measured using pill counts and
MEMS caps, respectively.29–31 In these
drug efﬁcacy trials, each lasting $6
months, participants had study visits
every 2 weeks, where a 2-week supply of
pills was dispensed and the pills
remaining in the bottle from the previous
visit were counted. In the study that was
not part of a drug effectiveness study,
adherence was 49% (5 of 6 reﬁlls in
previous 6 months) to 85% (clinician report of “often or always adherent”).32,33
Iron Chelation Therapy
In a study of deferasirox, 43% of patients
had good adherence by pill counts
and 71% by parent report.34 In studies
of deferoxamine, adherence rates were
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519

261

62

42

Sox et al 200341

Buchanan et al 198257

Pejaver et al 199747

45

Davis 198956

Berkovitch et al 1998

Pediatric
patients

15

50

6–21 y

31

Treadwell and Weissman
200136
Treadwell et al 200542

11 m–12 y

6 m–19 y

,4 y

2 m–5 y

9 m–7 y

Multistate retrospective
claim-based
Single-site prospective
cohort
Single-site prospective
cohort

Single-site prospective
cohort
Multistate retrospective
claim-based

Single-site prospective
cohort
Single-site cross-sectional

Multisite cross-sectional

$6 y

70

Thuret et al 200935

Pediatric
patients

Reﬁlls: % doses
Parent report: days since last
deferoxamine
Morisky scale
Number physical signs of chelation

Morisky scale: 3 or 4
Parent or patient report: no
missed infusions
Patient report: used in last 2 d

Deferoxamine

Pill count: $80% doses taken
Parent report: $80% doses taken
Medical record: missed $3 doses
a month for $2 mo

Deferasirox

Urine test +; Parent report: never
missed dose

—

Urine: 46%
Parent report: 62%

66%

—

69%–84%

—

—

Low estimate: MPR $.33
High estimate: same formula,
assumes did not take after expired
Reﬁlls: days covered by medication
ﬁlls in 1-y period
Urine test +

N/A

—

57%

Morisky scale: 72%
Parent report: 43%

Parent report: 71%
Pill count: 43%
76%

Reﬁlls: 49%

Visual analog: 82%
Morisky: 84%
Clinician report: 85%

89% took .80% doses

74%
—
—

% Patients Adherent

40%

69%

MEMS caps: % doses

Morisky scale: 2.0
Physical signs: 2.1

Reﬁll: 60% doses
Days: 8.7

—

—

—

Pill count mean 79%

Consumed 102% of volume
prescribed
—

$80% of liquid medication taken
by volume remaining at study visit
Visual analog scale: .75% doses
Morisky scale: #1
Clinician estimate: “often” or
“always” adherent
Reﬁlls: $5 in 6 mo

Mean Adherence

—
94.4%
96%

Measures

Pill count: entire 2-wk supply taken
Pill count: % of 2-wk supply taken
MEMS caps: % of pills taken

Hydroxyurea

Oral Antibiotic Prophylaxis

Single-site cross-sectional study

Multisite RCT (HUG-KIDS)
Multisite RCT (HUG-KIDS)
Single-site prospective
cohort
Multisite RCT (Baby HUG)

Design

Multisite prospective
cohort
Single-site retrospective
cohort

59

7–21 y

,18 y

Raphael et al 200945

75

Thornburg 201032

9 m–1.5 y

21

153c

Thornburg et al 201031

5–15 y
5–15 y
5–18 y

Age

Alvarez et al 200934

84
53a
10b

N

Kinney et al 1999
Ware et al 200230
Olivieri and Vichinsky 199855

29

Author

TABLE 1 Summary of the Studies Included in Literature Review by Type of Medication

27

30

78

Witherspoon and
Drotar 200639

King et al 201160

42

Babiker 198638
4–8 y

2–5 y

6 m–20 y

4 m–4 y

6 m–6 y

6 m–5 y

3 m–4.5y

0.3–24 y

#16 y

Age

RCT, randomized controlled trial.
a Only includes patients who received maximum tolerated doses.
b 17 patients in effectiveness study, only 10 received MEMS caps.
c 191 patients in study, adherence data available for 153 subjects.

40

Babiker 198637

93

50

Elliot et al 200140

Patel et al 2010

108

Bitarães et al 200859

28

159

50

N

Teach et al 199858

Cummins et al 1991

Author

TABLE 1 Continued

Single-site prospective cohort

Single-site prospective cohort

Single-site retrospective
cohort

Single-site retrospective
cohort

Reﬁll: in past 14 d and average time
between 14-d supply
Parent report: of “never late to get reﬁlls
Reﬁll: #1 uncovered day per month
Parent report: miss ,2 d per month
Clinician report: very adherent

Urine test +; Parent report: never
missed dose
Urine test +; Parent or patient report:
gave dose in last 15 h
Urine test +; Parent report: never
missing dose
Medical record: record of nonadherence

Measures

Urine test +; Administration record:
% indicated injections received
Urine test +; Administration record:
% indicated injections received

Mean MPR

Multiple Medications

Administration record: 80% injections
received

IM or IV Antibiotic Prophylaxis

Single-site prospective cohort

Single-site retrospective cohort

Single-site prospective cohort

Single-site prospective cohort

Single-site cross-sectional

Design

Injections: 95%

Penicillin MPR: 55%
Hydroxyurea MPR: 61%
Folic acid MPR: 61%
Injections: 92%

—

—

27 d

—

—

—

Mean Adherence

Urine (oral antibiotic): 44%

Urine (oral antibiotic): 40%

—

89%

Parent report: 60%
Reﬁll: 33%
Parent report: 57%
Clinician report: 50%

Parent report: 48%
Medical record: 89%
Reﬁll: 12%

Urine: 47%
Parent report: 62%
Urine: 43%
Parent report: 68%
Urine: 56%

% Patients Adherent
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moderate according to the Morisky scale
(72%) and patient or parent report of
missed doses (43%–57% adherent).35,36
Prophylactic Antibiotics
In the 2 studies that compared different
administration routes for prophylactic
antibiotics, adherence to injections (.90%
injections given) was better than to oral
medication (40%–44% positive urine
test).37,38 Several studies describe gaps in
antibiotic use, also known as “uncovered
days.” In 1 study, 33.3% of young children
had 14 to 30 uncovered days per month.39
In another, there was an average gap of
27.4 days between ﬁlls of a 14-day supply
of liquid antibiotics.40 Another found that
an average of 60% of a 1-year study period
was not covered by antibiotics.41
Factors Associated With
Nonadherence
Nonadherence among patients with
SCD was often related to beliefs about
safety and effectiveness of medications

or to mistakes administering medications
at home (Table 2). Reported mistakes,
such as forgetting to give medicine40 or
being too busy to give medicine,32,42,43
were signiﬁcantly correlated with poor
adherence. In addition, parent knowledge
was signiﬁcantly correlated with better
adherence.32,36,42 One study estimates that
30% of variance in adherence can be attributed to health beliefs among patients
with SCD, such as beliefs about severity of
disease or the burden of using medication.40 Risk factors for nonadherence
were found to be additive: Patients with
more barriers had worse adherence
rates.39 On the contrary, preventive clinic
visits may be protective; 1 study found
that each preventive visit was associated
with an additional 12 days of antibiotic
prophylaxis use, based on reﬁll data.41
Clinical Impact of Nonadherence
and Moderate Adherence
Among hydroxyurea users, nonadherence
was associated with reduced fetal

hemoglobin levels.32,44 None of the studies of hydroxyurea we reviewed linked
moderate adherence to clinical outcomes. Among patients with SCD taking
iron chelation, nonadherent patients had
less reduction in serum iron than adherent patients (11% vs 44% decline).45
In a study of 15 patients with SCD on
deferoxamine, 9 were categorized as
moderately adherent; moderately adherent patients had serum ferritin levels
that were lower than those of nonadherent patients but not as low as
those of adherent patients.42
Three articles described cases of overwhelming sepsis among children with
SCD prescribed daily antibiotic prophylaxis.5,46,47 Each described a small
number of cases of septicemia; in all but
1, parents reported missing recent antibiotic doses, or patients had a negative
urine antibiotic test. It should be noted
that adherence rates for those without
infections were not reported. There
was a signiﬁcant association between

TABLE 2 Risk and Protective Factors for Barriers to Adherence Among Patients With SCD Along Each Step in Ambulatory Medication Use61
Step

Barrier

1. Prescription given

Physician not prescribing
medication

2. Prescription ﬁlled at
pharmacy

Prescription not ﬁlled

3. Remember to give dose

Doses skipped

4. Measure medication

Medication incorrectly
measured or prepared

5. Child takes medication

Medication difﬁcult to take

6. Monitoring

Inadequate monitoring
Lack of persistence

1180

Risk Factor
Physician concerns about nonadherence
as barrier to prescribing.8
Difﬁcult for family to come to clinic.32,40
Frequent reﬁlls for liquid penicillin
due to expiration after 10–14 d.27
Failure to (re)ﬁll prescription.32
Insurance problems.32,45
Parent does not understand could get
sick or die without penicillin,27
beliefs about the value and
importance of medicine.40
Competing demands,32,43 family stress.39,40,42
Treatment limited by travel or other
change in daily activities.
Child asleep.
Do not like to use needle.43
Forgetting.40
Adverse effects of medication.43
Parent unsure of dose.
Liquid medications harder to measure.
Dissolve deferasirox in 8 oz. water.63
Child does not like taste.45
Adherence worse with home oral
penicillin compared with injected
in clinic.37,38
Monitoring not completed by patient.8
Difﬁculty taking, painful to use,43
no obvious beneﬁt.

Protective Factor and Potential Intervention
Education of physicians
Transportation to clinic provided62
Use of tablets rather than liquids to
allow dispensing of higher number
of days’ supply
Use of 90-d supply
Reﬁll reminders
Caregiver knowledge about indications
for and use of medicines32,36,39

Social support for family and child32,36
Parent and child sharing responsibility
for medication36,42

Parent dosing support64,65

—

Each preventive visit associated with
12 more days medication taken41
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nonadherence to antibiotics and frequency of sickle cell crises and infection
in 1 study.46 In another study, patients
not adherent to antibiotics had a higher
rate of emergency department visits
(5.5 per year) than adherent patients
(2 per year).47

DISCUSSION
In this systematic review of the medication adherence literature among
pediatric patients with SCD, we found
that moderate adherence was common.
Nonadherence was associated with increased painful crises and increased
hospitalizations, yet little information
was available about the clinical effects
of moderate adherence. Health beliefs
(eg, fear of side effects) and factors increasing risk for mistakes (eg, complex
medication regimen or more frequent
dosing) contributed to nonadherence;
barriers to adherence were additive.
We found that medication characteristics, such as route of administration,
did inﬂuence adherence, consistent with
previous literature.4 Interestingly, adherence to injected antibiotics was
markedly better than adherence to oral
antibiotics in both studies that compared them.37,38 Given that antibiotic
prophylaxis is used in children with SCD
to prevent life-threatening sepsis, clinicians should consider offering injected
antibiotic prophylaxis to families who
cannot adhere to oral antibiotics, because the literature indicates that injections ensure fewer unprotected days.
Such a decision must be balanced by the
consideration that injected antibiotics
are more painful than oral antibiotics
and that repeated injections may reduce
quality of life.
Most studies we reviewed identiﬁed a
substantial population that was moderately adherent; in studies that measured
adherence as a continuous measure,
patients took a mean of 40% to 79% of
prescribed doses (excluding drug efﬁcacy trials). Such trends can cause

physicians to be reluctant to prescribe
medications such as hydroxyurea.8 Hydroxyurea toxicity could develop if the
physician is unaware of nonadherence
and raises the dosage. The 2 studies we
found reporting moderate adherence
to hydroxyurea and iron chelation indicated that moderate adherence may
have some incremental beneﬁt over
poor adherence.30,42
If we accept that moderate adherence is
ubiquitous and that some patients have
poor adherence, then clinician monitoring of adherence is necessary. In
2010 Drotar48 suggested that studies are
needed to develop and test routine monitoring of adherence to medications
among patients with SCD. We recommend
combining parent or adolescent report
with more objective measures of adherence to optimize monitoring. Report
should be obtained in a way that encourages honest responses, such as selfadministered written questions at each
visit rather than clinician interview.49
Objective measures for clinicians to routinely monitor adherence should be
neither cumbersome nor costly and may
include automated collection of pharmacy
ﬁll data or pill counts in the ofﬁce.
To our knowledge, there are few published interventions to improve medication adherence in children with SCD; none
are multicenter, and none have significant effect. A randomized trial of a
“deferoxamine day camp” for 31 school-age
children with SCD did not result in increases in knowledge about deferoxamine
or better social support.36 A randomized
trial of parent education, regular social
worker contact, and a medication calendar among 45 children was associated
with a small but not statistically signiﬁcant improvement in prophylactic antibiotic adherence.50 Literature reviews
indicate that, among pediatric patients,
multicomponent interventions and those
with a behavioral component are more
likely to be effective than educational
interventions alone.51,52

Multicomponent interventions to improve
adherence should target different barriers to adherence. Because barriers
to adherence are additive, it stands to
reason that as each barrier is overcome,
adherence may increase. Many barriers
were related to health beliefs, such as
beliefs about the value of the medicine, not liking to use a needle, or
concerns about the adverse effects of
medication. Many other barriers were
related to mistakes, such as forgetting, not knowing the correct dosage,
or difﬁculty measuring liquid medications.
The existing literature on adherence to
medication among people with SCD has
important gaps. Larger, multisite studies
of medication adherence are needed
in children with SCD. In 2010 Drotar48
highlighted the need for large prospective studies to assess the impact of
nonadherence and moderate adherence on biological outcomes. Our review
of the literature found few large multisite studies or studies of the impact of
moderate adherence. Several studies
evaluated adherence as part of an efﬁcacy trial, which does not mimic realworld settings, often using frequent
study visits, as in HUG-Kids and BABY
HUG, to boost adherence. In some studies, adherence data were not available
on the entire population. This limitation
introduces potential bias because the
more adherent patients may be more
likely to participate in adherence measurements. In addition, associations between nonadherence and poor clinical
outcomes do not necessarily indicate
a causal relationship; prospective studies are needed to distinguish association from causation.
Our systematic review of the literature
is subject to several limitations. First, as
with any systematic literature review,
although our search criteria were designed to be comprehensive, it is possible that we missed relevant articles.
Second, we did not include unpublished
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literature; publication bias tends to
result in the availability of more positive
associations.53 Third, variation in deﬁnitions of adherence limits the comparison of data across studies.54 Finally,
variation in population ages, size, and
methods to measure adherence prohibits a meta-analysis from being performed
and therefore limits interpretation of our
ﬁndings.54

CONCLUSIONS
This review of the literature indicates
that many patients with SCD are moderately adherent to medications. Because good adherence is uncommon, we
suggest clinicians use routine monitoring
of adherence, including parent report and
objective measures. Multicomponent interventions should target health beliefs
and mistakes in medication administration;

educational interventions alone are less
likely to be effective. Randomized trials of
multicomponentinterventions,addressing
beliefs and mistakes, are needed to help
clinicians optimize outcomes by improving
medication adherence.
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