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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 mod-
erate 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 bet-
ter 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
disorderaffectingapproximately100 000
people in the United States.1 SCD is as-
sociated with high morbidity and mor-
tality 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 ef-
fective 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 ad-
herence reduces the effectiveness of
medications, places patients at risk for
serious complications, and significantly
increases health care costs.3,4 For ex-
ample, nonadherence to antibiotic pro-
phylaxis 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

Clinicians report that nonadherence to
medications and to monitoring are
barriers to treatment in SCD.8 When
asked about factors important to ad-
herence to prophylaxis in patients with
SCD, clinicians perceptions of important
factors did not always agree with fac-
tors 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 non-
adherence to SCD medications poses
a significant barrier to effective disease
management, they may have difficulty
identifying which patients in their prac-
tice exhibit nonadherent behaviors. Ap-
proaches to assessing and monitoring
adherence bymost health care teamsmay
notreliably identifynonadherentpatients.10

Comparedwithmore objectivemethods of
estimating adherence (eg, pill count, pre-

scription refill count, serum or urine drug
levels), report measures tend to over-
estimate adherence.4 In addition, adher-
ence to sickle cell medicationsmay vary in
other factors suchas frequencyof useand
monitoring required, as seen in other
conditions.4,11 Poor adherence to medi-
cations in other chronic illnesses hasbeen
related to medication, patient, and family
characteristics.4,12 To improve clinicians’
understandingofmedicationadherence 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 SCDmedication types, identify
patient and medication characteristics
associated with nonadherence, and de-
scribe the effect of nonadherence and
moderate adherence (defined as 60%–
80% of doses taken) on clinical outcomes.

METHODS

Article Retrieval

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

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). Thesearchwasperformedby
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.

Study Selection

Studies were included if they addressed
medication adherence, included pa-
tientswithSCD,were inEnglish, included
pediatric patients ,25 years old, and
were primary research studies (ie, not

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 full-
text article should be reviewed. If $1
author felt the article should be re-
viewed, it was. Each full article was then
independently reviewed by 2 authors
whomade 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
fromthoseusedinourpreviousresearch
to capture information about study de-
sign,medicationtype,populationageand
diagnoses, measures of adherence, ad-
herence 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 medi-
cations, by themethodused tomeasure
adherence, because adherence rates
vary depending on the method used.4

Articles included in the review described
a range of methods for measuring ad-
herence. These included by report (by
parent or adolescent, by clinician, or
Morisky scale17–19), direct measure-
ments of unconsumed medication (pill
count or measurement of remaining
volume for liquid medications), medica-
tion monitoring devices (eg, Medication
Event Monitoring System [MEMS] caps
recording frequency and timing of bottle
opening), pharmacy claim data (eg, medi-
cation possession ratio [MPR]: days sup-
plied divided by the number of days of

observation from the first dispensed dose
to theendofaspecified follow-upperiod),20

and drug level (eg, urinary assay).21–23

Weassessed 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 ob-
servational studies used in systematic
reviews.22–25 Of the 8 domains in the
checklist for cohort studies, 4 were rele-
vant to the studies. One author rated all
included studies on these 4 items: rep-
resentativeness of the population, as-
sessment 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 ar-
ticle, we identified risk and protective
factors for adherence along each step in
themedication use pathway (prescribing,
dispensing, administering, monitoring).26

Finally, we defined levels of moderate
adherence as taking 60% to 80%of doses.

RESULTS

Our initial search identified 299 ab-
stracts; an additional 15 articles were
identified fromcited references (Fig 1).
Ninety-one articles were identified for
full review. Of these, 24 met all in-
clusion 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

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 as-
sessment of adherence.22,23 Seventy-five
percent had adequate representative-
ness of the sample population; the
remaining 25% failed to state how they
derived the study cohort. Eighty-eight
percent of studies had adequate follow-
up 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% ad-
herent) than for objective measures
such as urinary assays (40%–56% ad-
herent) or pharmacy refill data (12%–
60% adherent) (Table 1). Only 1 article
compared adherence to different types
of medications for SCD and found simi-
lar rates of adherence for hydroxyurea
(mean MPR 60%), folic acid (mean MPR
61%), and penicillin (mean MPR 55%).28

Hydroxyurea

Adherence rates in 3 multicenter drug
trials of hydroxyurea ranged from74% 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 re-
port of “often or always adherent”).32,33

Iron Chelation Therapy

In astudyofdeferasirox, 43%ofpatients
had good adherence by pill counts
and 71% by parent report.34 In studies
of deferoxamine, adherence rates were
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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 tomistakes administeringmedications
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 at-
tributed to health beliefs among patients
with SCD, such as beliefs about severity of
disease or the burden of using medica-
tion.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

Amonghydroxyureausers,nonadherence
was associated with reduced fetal

hemoglobin levels.32,44 None of the stud-
ies of hydroxyurea we reviewed linked
moderate adherence to clinical out-
comes. Among patients with SCD taking
iron chelation, nonadherent patients had
less reduction in serum iron than ad-
herent patients (11% vs 44% decline).45

In a study of 15 patients with SCD on
deferoxamine, 9 were categorized as
moderately adherent; moderately ad-
herent patients had serum ferritin levels
that were lower than those of non-
adherent patients but not as low as
those of adherent patients.42

Three articles described cases of over-
whelming sepsis among children with
SCD prescribed daily antibiotic pro-
phylaxis.5,46,47 Each described a small
number of cases of septicemia; in all but
1, parents reported missing recent an-
tibiotic 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 Risk Factor Protective Factor and Potential Intervention

1. Prescription given Physician not prescribing
medication

Physician concerns about nonadherence
as barrier to prescribing.8

Education of physicians

Difficult for family to come to clinic.32,40 Transportation to clinic provided62

2. Prescription filled at
pharmacy

Prescription not filled Frequent refills for liquid penicillin
due to expiration after 10–14 d.27

Use of tablets rather than liquids to
allow dispensing of higher number
of days’ supply

Failure to (re)fill prescription.32 Use of 90-d supply
Insurance problems.32,45 Refill reminders

3. Remember to give dose Doses skipped Parent does not understand could get
sick or die without penicillin,27

beliefs about the value and
importance of medicine.40

Caregiver knowledge about indications
for and use of medicines32,36,39

Competing demands,32,43 family stress.39,40,42 Social support for family and child32,36

Treatment limited by travel or other
change in daily activities.

Parent and child sharing responsibility
for medication36,42

Child asleep.
Do not like to use needle.43

Forgetting.40

Adverse effects of medication.43

4. Measure medication Medication incorrectly
measured or prepared

Parent unsure of dose. Parent dosing support64,65

Liquid medications harder to measure.
Dissolve deferasirox in 8 oz. water.63

5. Child takes medication Medication difficult to take Child does not like taste.45 —

Adherence worse with home oral
penicillin compared with injected
in clinic.37,38

6. Monitoring Inadequate monitoring Monitoring not completed by patient.8

Lack of persistence Difficulty taking, painful to use,43

no obvious benefit.
Each preventive visit associated with

12 more days medication taken41
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nonadherence to antibiotics and fre-
quency 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 medi-
cation adherence literature among
pediatric patients with SCD, we found
that moderate adherence was common.
Nonadherence was associated with in-
creased 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 in-
creasing risk for mistakes (eg, complex
medication regimen or more frequent
dosing) contributed to nonadherence;
barriers to adherence were additive.

We found that medication character-
istics, such as route of administration,
did influenceadherence, consistentwith
previous literature.4 Interestingly, ad-
herence to injected antibiotics was
markedly better than adherence to oral
antibiotics in both studies that com-
pared them.37,38 Given that antibiotic
prophylaxis is used in children with SCD
to prevent life-threatening sepsis, clini-
cians should consider offering injected
antibiotic prophylaxis to families who
cannot adhere to oral antibiotics, be-
cause the literature indicates that in-
jections ensure fewer unprotected days.
Such a decisionmust 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 moder-
ately adherent; in studies that measured
adherence as a continuous measure,
patients took a mean of 40% to 79% of
prescribed doses (excluding drug effi-
cacy trials). Such trends can cause

physicians to be reluctant to prescribe
medications such as hydroxyurea.8 Hy-
droxyurea 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 in-
dicated that moderate adherence may
have some incremental benefit over
poor adherence.30,42

Ifweaccept thatmoderate adherence is
ubiquitous and that some patients have
poor adherence, then clinician moni-
toring of adherence is necessary. In
2010 Drotar48 suggested that studies are
needed to develop and test routine mon-
itoring of adherence to medications
among patientswith SCD. We recommend
combining parent or adolescent report
with more objective measures of adher-
ence to optimize monitoring. Report
should be obtained in a way that en-
courages honest responses, such as self-
administered written questions at each
visit rather than clinician interview.49

Objective measures for clinicians to rou-
tinely 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 pub-
lished interventions to improve medica-
tionadherence inchildrenwithSCD;none
are multicenter, and none have signif-
icant effect. A randomized trial of a
“deferoxaminedaycamp” for31school-age
children with SCD did not result in in-
creases in knowledge about deferoxamine
or better social support.36 A randomized
trial of parent education, regular social
worker contact, and a medication cal-
endaramong 45 childrenwas associated
with a small but not statistically signifi-
cant improvement in prophylactic anti-
biotic 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 bar-
riers to adherence. Because barriers
to adherence are additive, it stands to
reason thataseachbarrier is overcome,
adherencemay increase. Many barriers
were related to health beliefs, such as
beliefs about the value of the medi-
cine, not liking to use a needle, or
concerns about the adverse effects of
medication.Many other barrierswere
related to mistakes, such as forget-
ting, not knowing the correct dosage,
or difficulty measuring liquid medi-
cations.

The existing literature on adherence to
medication among people with SCD has
importantgaps.Larger,multisitestudies
of medication adherence are needed
in children with SCD. In 2010 Drotar48

highlighted the need for large pro-
spective studies to assess the impact of
nonadherence and moderate adher-
ence on biological outcomes. Our review
of the literature found few large multi-
site studies or studies of the impact of
moderate adherence. Several studies
evaluated adherence as part of an effi-
cacy trial, which does not mimic real-
world settings, often using frequent
study visits, as in HUG-Kids and BABY
HUG, to boost adherence. In some stud-
ies, 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 mea-
surements. In addition, associations be-
tween nonadherence and poor clinical
outcomes do not necessarily indicate
a causal relationship; prospective stud-
ies are needed to distinguish associa-
tion 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 de-
signed to be comprehensive, it is pos-
sible that we missed relevant articles.
Second, we did not include unpublished
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literature; publication bias tends to
result in theavailability ofmorepositive
associations.53 Third, variation in defi-
nitions of adherence limits the com-
parison of data across studies.54 Finally,
variation in population ages, size, and
methods to measure adherence prohib-
its ameta-analysis frombeing performed
and therefore limits interpretation of our
findings.54

CONCLUSIONS

This review of the literature indicates
that many patients with SCD are mod-
erately adherent to medications. Be-
cause good adherence is uncommon, we
suggest clinicians use routine monitoring
of adherence, including parent report and
objective measures. Multicomponent in-
terventions should target health beliefs
andmistakes inmedication administration;

educational interventions alone are less
likely to be effective. Randomized trials of
multicomponent interventions,addressing
beliefs and mistakes, are needed to help
cliniciansoptimizeoutcomesby improving
medication adherence.
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