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Abstract
The objective of this study is to determine the prevalence of adherence to daily medications
among children with sickle cell disease (SCD). Prescription records for 12 months were obtained
from participants who had insurance in a Medicaid-based single health maintenance organization.
Adherence was measured as a ratio between the number of expected days and the observed days
between two refill periods for daily medications. A total of 93 children were studied. The average
refill prescription rate was 58.4%. More formal strategies are required to identify barriers to
prescription refills among children with SCD.
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Introduction
Sickle cell disease (SCD) is an inherited disorder of red blood cells that affects 1 in 400
African American newborns [1]. In the United States, it is mandatory to screen every
newborn for a hemoglobinopathy (including SCD) in order to facilitate the start of
prophylactic penicillin and anticipatory guidance prior to four months of age [2]. In addition
to daily administration of penicillin until at least five years of age, children with SCD often
require other daily medications such as folic acid, hydroxyurea, and oral iron chelation
therapy to decrease the risk of complications [3–5]. Further, up to 50% of children with SCD
also have asthma, and many require daily asthma medication [6–7].

Given the high expectation that children with SCD take daily medication to prevent
complications of the disease, understanding the rate of adherence is an important component
of patient care. A study on penicillin adherence in children with SCD found only 12% of the
children had consistent penicillin refills over a three month period according to pharmacy
records [8]. Despite the high rate of asthma among children with SCD, no data exist as to
whether prescription of asthma medication is associated with a change in the adherence rate
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of daily-prescribed medication for SCD. Given the importance of adherence as a modifiable
factor in clinical outcomes, understanding the prevalence for adherence for this population
may prove to be important [9–14].

Multiple studies from our group and others demonstrate that asthma is associated with an
increased rate of vaso-occlusive pain and acute chest syndrome episodes [6, 15–16].
Evidence demonstrating a decreased adherence rate to either category of medication, SCD or
asthma, would be a potential explanation as to why children with SCD and asthma have a
higher rate of SCD related morbidity. Further, knowledge about adherence rates to both
classes of medication may facilitate patient care and improve targeted education. The
primary objective of this study was to determine whether additional burden of daily asthma
medication was associated with a decrease in adherence to SCD medication or whether
taking daily SCD medication was associated with a decrease in adherence in daily asthma
medication.

Methods
The Human Research Protection Office (HRPO) at Washington University School of
Medicine approved this study. A retrospective cohort study on medication adherence was
conducted in children with SCD and Medicaid insurance presenting to the St. Louis
Children’s Hospital SCD Medical Treatment and Education Center at Washington
University School of Medicine. Patients’ prescription records for daily medications were
evaluated for 12 consecutive months. Prescription records were obtained from the Medicaid
insurance company HealthCare USA. Approximately 80% of the patients presenting to the
Sickle Cell Disease Medical Treatment and Education Center are on Medicaid. Among this
group, 60% have HealthCare USA as their primary health insurer.

We assessed the following medication use: folic acid, hydroxyurea, penicillin, and asthma
medications (Advair, Flovent, Pulmicort, Singulair). Medicines such as opioids were not
measured for adherence because they are not generally taken daily. Hospital admission
records were evaluated to account for the days the patient did not use prescribed medicine
from the pharmacy. Patients were given as many extra days as the number of days of their
hospital stay to refill their next medication on an outpatient setting since they had received
hospital medications. In addition, if patients were prescribed Advair or Flovent while in the
hospital, and were given the remainder of the medication at discharge, we accounted for
these days by allowing as many extra days as the duration of the medication to pick up their
next prescription.

Adherence was measured as the ratio of the number of expected days between refills periods
(numerator) and the observed days between refill periods for the patient (denominator). For
example, if a patient had 30-day supply of medication and refilled the medication in 40 days,
adherence ratio would be 30:40, and multiplied by 100 to equal 75%. This would signify the
patient was on time in filling the medication by 75% of the required time needed to fill the
medication to be completely adherent. An average medication adherence was calculated by
averaging intervals in the 12 months. This method of measurement is analogous to the
validated and frequently used term medication possession ratio (MPR) which is defined as a
ratio between the total days of supply of medications in a specified observation period and
number of days in the observation period [17].

Results
Adherence to medication prescribed on a daily basis was measured in 93 children with SCD
for a full year. In this cohort, 48.4% (n=45) had SCD-SS, 36.6% (n=34) had SCD-SC
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disease, 9.7% (n=9) had SCD-S Beta thalassemia plus disease, 4.3% (n=4) had SCD- S beta
thalassemia zero disease, and 1.1% (n=1) had SCD-S/Hereditary Persistence. The
percentage of male was 59.1% (n=55). The mean age was 7 years with the youngest being 6
months and the oldest being 20 years. In regards to the medications prescribed, 62 patients
had penicillin, 28 daily asthma medications (Advair: n=2, Flovent: n=22, Pulmicort: n=6,
Singulair: n=8), 4 hydroxyurea, and 80 folic acid. Furthermore, 73% of the children were
prescribed two or more scheduled medications.

Adherence rates for each drug were: penicillin 54.9% (n=62), all asthma medications 59.3 %
(n=28) (Advair 62.7% (n=2), Flovent 61.2 (n=22), Pulmicort 53.9 (n=6), Singulair 67.2%
(n=8)), hydroxyurea 60.5% (n=4), and folic acid 61.3% (n=80). The overall adherence was a
mean of 58.4%, with a median of 59.0% and the 25%tile of 36.6% and the 75%tile of
79.6%. Moreover, average adherence for patients who took asthma medications in addition
to SCD medications was 61% while it was 56% for those who did not take asthma
medications (2 sided t-test p = 0.45).

We evaluated whether adherence to one drug was associated with adherence to a second
drug. When patients were adherent to one therapy, they were generally adherent to all of the
therapies. The correlation coefficient between adherence to penicillin and overall adherence
was 0.827 (P= < 0.001) (figure 1). Similarly, this pattern was observed with folic acid and
Flovent, a daily asthma medication, with a correlation coefficient of 0.824 (P = <0.001) and
0.644 (p = 0.001), respectively.

Discussion
Among a cohort of children with SCD, we assessed medication refill records for one year.
An overall 58.4% refill rate indicates that patients were only partially adherent to their
medication regimen and did not receive the full benefit from these medications.

An expected finding in this study was the strong correlation between patient’s adherence to
one medication and patient’s adherence to all other medications. This observation suggests,
but does not confirm that adherence is more patient specific than drug specific. Increasing
overall adherence may involve multiple factors such as better education, monitoring, access
to pharmacy, support from family, and/or relationship to healthcare providers. Given that
poor adherence can contribute to substantial worsening of disease, death, and increased
health care costs, greater efforts are necessary to identify specific patients at increased risk
for non-adherence [9–14].

A major finding from our study was that use of daily asthma medication was not associated
with a lower rate of adherence of medication used for prophylaxis of SCD-related morbidity.
To our knowledge, this is the first study in SCD to evaluate the adherence rate of rate of
multiple medications, including asthma medication in children with SCD. Previous studies
have focused on adherence of a single agent, typically penicillin [8] or more recently
hydroxyurea [18]. However, none of the studies have evaluated whether the burden of taking
daily medications for asthma influenced the adherence rate of the single agent of interests.
Given the high prevalence of asthma among children with SCD, these findings are relevant
to health care providers of children with SCD who have asthma.

As would be anticipated, several limitations are inherent in our study design. Measure of
adherence was not a direct measure because we did not observe patients’ intake of
medications. Therefore, medication adherence could be lower than what we documented by
prescription refills. In addition to patients’ compliance with medications refills, appropriate
dosing and administration of the medication at the prescribed interval is important to bring
about the desired effect. However, it is important to note that neither the dose at which the
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patients took their medication nor the interval at which they took the medication was
assessed. Despite the limitation of pharmacy refill records as an indirect measure of
adherence, prior studies demonstrate adherence data from pharmacy refill records are
correlated with clinical outcomes [19–20]. Further, adherence was only measured in
medications that were prescribed to be taken daily. Despite these limitations, we believe our
results provide reasonable estimates of daily prescription refill rates in children with SCD.

In summary, children with SCD refill their daily medications approximately 58% of the
time; and those who refill one daily medication are likely to refill the other daily
medications, including daily asthma medication. Our findings emphasize the evaluation of
adherence on a routine basis in clinical practice. Future investigation is warranted to
determine the opportunities for improving adherence in this population.
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Figure 1. Correlation of adherence to penicillin to overall adherence in 62 children with SCD
The vertical axis represents average medication adherence to all scheduled daily medications
in patients with sickle cell disease of the course of 12 months, and the horizontal axis
represents adherence to penicillin. The prescription refill rate was measured as a ratio of the
number of days that the medicine intended to supply and the difference in days between two
refill periods for the patient. Pearson’s correlation coefficient indicated a strong positive
relationship between the two with a coefficient of 0.827 (P = <0.001).
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