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ABSTRACT
Background: Sickle cell disease (SCD) results in severe complications, such as anaemia and pain
episodes. Hydroxyurea (HU) is efficacious in SCD, yet adherence remains low.
Objective: To assess the relationship of HU adherence to health care utilization and patients’
characteristics.
Methods: This is a 5-year retrospective chart review. Patients’ demographics and medical history
were collected from the electronic medical record (EMR). HU adherence was evaluated using
foetal haemoglobin “HbF%”, mean corpuscular volume “MCV”, and absolute neutrophil count
“ANC”. Age groups included children (<12 years), adolescents (12–17 years), and young adults
(�18 years).
Results: A total of 113 SCD patients on HU were included (median age 14 years, IQR 10–20;
50% female; 88% HbSS). Young adults had significantly higher HU adherence compared to ado-
lescents and children, including higher median HbF% (24.2 vs. 12.4 vs. 8.6, p¼ .003), MCV (fl)
(106.4 vs. 96.2 vs. 95.4, p¼ .01) and lower ANC (103/ml) (3.25 vs. 4.9 vs. 4.2, p¼ .01), respectively.
Patients with chronic pain had lower HU adherence (HbF% 15.3 vs. 10.7, p¼ .04; ANC 3.6 vs. 6.3,
p¼ .002; MCV 102.3 vs. 93.1, p¼ .1). Patients with higher HbF or MCV and lower ANC had signifi-
cantly less frequent emergency room visits (rs¼–0.26, p¼ .01; rs¼–0.23, p¼ .01; rs¼0.24, p¼ .01)
and hospitalizations (rs¼–0.27, p¼ .01; rs¼–0.31, p¼ .01; rs¼0.21, p¼ .02) as well as shorter
length of stays (rs¼–0.27, p¼ .0045; rs¼–.34, p¼ 0.004; rs¼0.23, p¼ .02), respectively. Similar
trends in HU adherence and health care utilization were seen in subgroup analysis of only HbSS
patients. There was no significant association of HU adherence to patients’ sex, socio-economic
status, distance from hospital, and HU duration.
Conclusions: Young adults with SCD had significantly higher HU adherence compared to chil-
dren and adolescents. Patients with lower HU adherence and/or chronic pain had increased
health care utilization. Future studies examining barriers to adherence and evaluating interven-
tions to optimize HU adherence in SCD are warranted.

KEY MESSAGES

1. Young adults with SCD had significantly higher HU adherence, as reflected in their labora-
tory markers, compared to children and adolescents.

2. Patients with higher HU adherence and/or those without chronic pain had lower or less fre-
quent health care utilization.

3. No significant association of HU adherence to patients’ sex, socio-economic status and dis-
tance from hospital.
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Introduction

Sickle cell disease (SCD) is an inherited haemoglobin
disorder. SCD is the most common genetic disorder in
the United States, especially among individuals of

African descent affecting about 1 in 500 African
American live births [1–3]. Symptoms of SCD typically
begin in early childhood leading to serious complica-
tions, including chronic anaemia, vaso-occlusive pain
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episodes, acute chest syndrome (ACS), stroke, and
other end-organ damage [4]. These complications
affect patient-reported outcomes (PROs) among indi-
viduals with SCD leading to impaired health-related
quality of life (HRQOL), in particular physical and men-
tal well-being [5–10]. Earlier studies reported that
patients with SCD had higher rates of hospitalizations
and emergency room (ER) visits than the general
population, particularly readmissions [10,11]. While sig-
nificant improvements have been made in SCD care,
projected life expectancy remains at low 54 years for
patients with SCD compared to 76 years for the gen-
eral population [12].

A cornerstone of SCD care is hydroxyurea (HU), a
medication that increases foetal haemoglobin (HbF%),
which has protective effects in SCD. While HU was ini-
tially only approved for adult populations, FDA
approval was officially extended in December 2017 to
include paediatric populations age 2 years or older. HU
is an efficacious and cost-effective drug in SCD and has
been found to reduce disease-related complications
and number of hospitalizations with benefits for
HRQOL and survival [13–24]. Metformin, a medication
commonly used in the treatment of diabetes mellitus,
was also found to have some potential clinical benefits
in SCD, but the evidence is limited [25]. More recently,
the FDA has approved other therapies for SCD, includ-
ing voxelotor, L-Glutamine, and crizanlizumab [26].
Nevertheless, these new medications are expensive
[27], and HU remains the most commonly used medica-
tion as a first-line disease-modifying therapy in SCD.

The current literature estimates that HU adherence
is suboptimal, falling well below 50% in paediatric,
adolescents, and young adults populations [28,29].
Adherence is impacted by a variety of factors or bar-
riers, including fear of side-effects, difficulty communi-
cating with the medical team, misconceptions about
HU, and limited access to medications [28–35].
Previously published studies suggested possible pre-
dictors of increased health care utilization, such as co-
morbidities and living in a remote area with increased
distance from the hospital [11,34–37]. Moreover, in
SCD, fewer studies have examined the relationship
between HU adherence and health care utilization
across different age groups, namely children, adoles-
cents, and young adults. Earlier work suggested that
adolescents’ adherence may decrease as they transi-
tion to young adulthood managing their medications
more independently [38], yet a clear relationship
between age and adherence has not been established.

The objectives of this study were to: (1) identify
potential demographic and clinical correlates of HU

adherence among patients with SCD, such as age,
socio-economic status, distance from the hospital, dur-
ation or formulation of HU, and chronic pain status,
and (2) evaluate the relationship between HU adher-
ence and health care utilization, including the number
of ER visits and hospitalizations as well as length of
hospital stay per year. We hypothesized that some
patient characteristics would be associated with higher
or lower HU adherence, in particular age. We also
hypothesized that higher HU adherence at different
time points would be associated with lower health
care utilization.

Materials and methods

Data source

This is a single-center 5-year retrospective chart review
of SCD patients on HU. Clinical and demographic data
was extracted from the electronic medical record
(EMR) for all patients receiving HU at the comprehen-
sive paediatric and adult sickle cell clinic at Ann &
Robert H. Lurie Children’s Hospital of Chicago between
June 2012 and June 2017. The study was approved by
the Institutional Review Board of Ann & Robert H.
Lurie Children’s Hospital of Chicago (IRB 2017-1241).

Inclusion/exclusion criteria

Patients of any age were included if they had a con-
firmed diagnosis of SCD, have been on HU for a min-
imum of 2 years, and were seen at our institution as
an outpatient, inpatient or an ER visit during the study
time frame. SCD diagnoses were considered confirmed
via haemoglobin electrophoresis results in the
patients’ records. Patients with a diagnosis other than
SCD or not on HU were excluded.

Demographics

Multiple demographic variables were extracted from
patients’ EMR, including age at the time of data
extraction, sex (male or female), insurance status
(insured, uninsured, or unknown), and their geo-
graphic living distance from the hospital. Age groups
were categorized as children (<12 years), adolescents
(12–17 years), and young adults (�18 years). Utilizing
the mean income based on the patients’ geographic
zip code, patients were categorized into four groups
based on the Illinois statewide median income: Group
1: < 60% of statewide median (<$38,145), Group 2:
�60% to < 100% of statewide median (�$38,145 to
< $63,575), Group 3: �100% to <140% of statewide
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median (�$63,575 to <$89,005), Group 4: �140% of
statewide median (�$89,005) [39]. Average income
per neighbourhood was determined using the 2018US
census data for Illinois [40].

Treatment history and health care utilization

Data were collected for several variables related to
SCD treatment with HU, including dose, formulation
(liquid or tablet form), indication, and the approximate
duration of HU treatment at the time of data extrac-
tion. Maximum tolerated dose was 35mg/kg/d as sup-
ported by Ware 2010 and Heeney 2016 [41,42].
Chronic pain data were recorded from EMR to deter-
mine whether or not patients had chronic pain specif-
ically documented in their chart or had a prescription
for daily opioid use. Data for surgical procedures to
treat SCD-related complications, such as splenectomy
and cholecystectomy, were recorded. Additionally,
inpatient hospitalizations, duration or length of stay
(LOS), and ER visits were also extracted and reported
as a rate of events per year given the variability in fol-
low-up period across study cohort.

Laboratory markers of HU adherence

Laboratory values for common markers used in the
treatment adherence and monitoring of SCD were
extracted and recorded for the analysis in this study.
These adherence markers included foetal haemoglobin
(HbF%), mean corpuscular volume (MCV), and absolute
neutrophil count (ANC). Laboratory markers from the
most recent visit of the study period were obtained.
The median over the last 1 year of the study period
(June 2016 – June 2017), and median over the last
2 years (June 2015 – June 2017) for each marker was
also calculated.

Statistical analysis

Descriptive statistics were performed on the key
demographic variables from the patients’ data and
reported as median (interquartile range or IQR), fre-
quencies and percentages. Laboratory markers of
adherence, including HbF%, MVC, and ANC (most
recent, last 1 year, and last 2 years), were analysed, in
relation to different demographics (e.g. age group,
sex, and socio-economic status), clinical variables (e.g.
chronic pain status, HU duration, and formulation) and
health care utilization (e.g. ER visits, hospitalizations,
and LOS). Differences for categorical variables were
examined by using the Chi-square test. The

Kruskal–Wallis test was used to evaluate for differen-
ces in a continuous dependent variable by a categor-
ical independent variable (with two or more groups),
and Spearman’s rank correlation was used for continu-
ous variables. Sub-group analyses were performed in
patients with HbSS genotype.

Results

Participants’ characteristics

Our study included 113 individuals who were 50.4%
female, with a median age of 14 years old (IQR 10–20)
(Table 1). More than half of patients had private insur-
ance (56.6%) and lived a median distance of 15.2 miles
(IQR 9.5–30.9) from the hospital. Patients were pre-
scribed HU mainly for recurrent pain episodes (46.1%)
with a median dose of 27.5mg/kg/dose (IQR
23.25–30.75). The median number of SCD-related ER
visits and hospitalizations were 0.27 and 0.33 per year,
respectively, with a median LOS of 1 day annually.
Markers of HU adherence included a median HbF% of
14.5% (IQR 8.2–28.05), MCV of 99.6 fl (IQR 90.4–112.5),
and ANC of 3.84 103/mL (IQR 2.49–5.93).

HU adherence and patient characteristics

Patients’ age group and chronic pain status were sig-
nificantly associated with difference in laboratory
markers of adherence (Table 2). Young adults with
SCD demonstrated a higher level of HU adherence in
their most recent median HbF% (24.15 vs. 12.4 vs. 8.6,
p¼ .0003) and most recent median MCV values (106.4
vs. 96.2 vs. 95.4, p¼ 0.01), compared to adolescents
and children, respectively. This finding was also con-
sistent for HbF and MCV values across 1- and 2-year
follow-up periods as well. Furthermore, ANC values
over the course of 1 year follow up were also signifi-
cantly lower among young adults (Table 2), suggesting
higher HU adherence, compared to children and ado-
lescents (3.25 vs. 4.93 vs. 4.21, p¼ .01), respectively.

With regard to patients’ chronic pain status, the
most recent laboratory value for median HbF% and
MCV were found to be higher in individuals without
chronic pain (15.3 vs. 10.7, p¼ .04; 102.3 vs. 93.1,
p¼ .1), suggesting an association between higher HU
adherence and lower risk of developing chronic pain.
Similarly, ANC was found to be significantly lower in
individuals without chronic pain, further corroborating
that higher HU adherence might have some protective
effects among SCD individuals without chronic pain
(3.58 vs. 6.28, p¼ .002) (Table 2). In addition, these
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findings were observed in a subgroup analysis of
HbSS patients only (Table 2).

HU adherence and health care utilization

Patient health care utilization was collected across a 5-
year study period. Patients with higher HbF, MCV or
both, and those with lower ANC values, all of which
are associated with greater adherence to HU, had sig-
nificantly fewer SCD-related ER visits and hospitaliza-
tions as well as shorter LOS for their hospitalizations
(Table 3). Similar findings were also seen in a subset
analysis of HbSS patients only (Table 3).

Other correlates of adherence and health care
utilization

Males were more likely to have higher HU adherence
as demonstrated in their median [IQR] MCV values

(105.8 [96–114.6] vs. 95.6 [91–107.6], p¼ .02), com-
pared to females, respectively. However, we found no
statistically significant relationship of laboratory
markers of HU adherence to patients’ SES, insurance
status, or distance from the hospital (Supplemental
Table 1). Patients’ MCV values positively correlated
with duration of HU therapy (rs¼0.28, p¼ .02), sug-
gesting higher adherence overtime. In addition,
patients on HU tablet formulation were more likely to
have higher adherence levels compared to patients on
liquid, indicated in both their MCV values (102.4
[93.6–114.8] vs. 94.5 [89.6–104.9], p¼ .03) and HbF%
(18.1 [12.4–25.6] vs. 14.6 [5.3–17.7], p¼ .07), respect-
ively (Supplemental Table 2).

There was a statistically significant relationship
between chronic pain status and health care utilization
as demonstrated by ER visits, hospitalizations, and
LOS. Patients with a chronic pain status had more

Table 1. Participants’ characteristics.
All (N¼ 113) HbSS only (N¼ 99)

Age (years), median (IQR) 14 (10–20) 14 (10–28)
Age group (years), n (%)
Children (<12) 37 (32.7%) 29 (29.3%)
Adolescents (12–17) 26 (23%) 26 (26.3%)
Young adults (�18) 50 (44.3%) 44 (44.4%)

Female, n (%) 57 (50.4%) 52 (52.53%)
Sickle cell genotype, n (%)
HbSS 99 (87.6%) 99 (100%)
HbSC 9 (8%) –
Othera 5 (4.4%) –

HU indication, n (%)
Recurrent pain 35 (46.1%) 25 (38.5%)
CNS diseaseb 11 (14.5%) 11 (16.92%)
Recurrent acute chest syndrome 5 (6.6%) 13 (20%)
�1 of above indications 11 (14.5%) 11 (16.92%)
Othersc 12 (17.2%) 13 (20%)

HU dose (mg/kg/dose), median (IQR) 27.5 (23.3–30.8) 28 (24–32)
HU formulation, n (%)
Liquid 18 (16.2%) 17 (17.5%)
Tablet 93 (83.8%) 80 (82.5%)

HU MTD,d n (%) 13 (11.6%) 13 (13.4%)
HU duration (months), median (IQR) 47 (20–60) 47 (20–60)
Chronic pain, n (%) 20 (17.7%) 17 (17.2%)
Cholecystectomy, n (%) 19 (16.8%) 17 (17.2%)
Splenectomy, n (%) 11 (9.7%) 9 (9.1%)
Insurance, n (%)
Private 64 (56.6%) 60 (60.6%)
Public/Medicaid 44 (38.9%) 34 (34.3%)
Combinede 4 (3.5%) 4 (4%)
None 1 (0.9%) 1 (1%)

Distance to hospital (miles), median (IQR) 15.2 (9.5–30.9) 14.3 (9.5–30.6)
Laboratory markers (most recent), median (IQR)
Foetal haemoglobin (%) 14.5 (8.2–28.1) 15.3 (9.1–28.8)
Mean corpuscular volume (fl) 99.6 (90.4–112.5) 102.3 (92.6–112.9)
Absolute neutrophil count (103/ml) 3.8 (2.5–5.9) 3.8 (2.4–6)

SCD emergency room visits on HU (rate/year), median (IQR) 0.27 (0–2.0) 0.2 (0–1.6)
SCD hospitalizations on HU (rate/year), median (IQR) 0.33 (0–1.4) 0.24 (0–1.4)
SCD inpatient LOS on HU (days/year), median (IQR) 1 (0–20.6) 0.67 (0–5.2)

HU: hydroxyurea; LOS: length of stay; MTD: maximum tolerated dose; SCD: sickle cell disease.
aOther genotype included HbSbþ (n¼ 2), HbSb0 (n¼ 2), HbS/Alpha-Thalassemia (n¼ 1).
bCNS disease defined as stroke or abnormal transcranial Doppler.
cOther hydroxyurea indications included poor growth (n¼ 5), anaemia (n¼ 3), transition from chronic transfusion (n¼ 3), hypoxia (n¼ 1), and abnormal
imaging (n¼ 1). The remainder were not located in the EMR (n¼ 37).
dMaximum tolerated dose was 35mg/kg/d.
eCombined insurance is referring to patients who had both public then private insurance over time, or vice versa.
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frequent median ER visits per year (2.17 vs. 0, p¼ .001)
and hospitalizations per year (1.8 vs. 0, p< .001) as
well as longer LOS in a year (9.6 vs. 0, p< .001), com-
pared to those without chronic pain (Table 4). Lastly,
compared to adolescents, we found that young adults
with SCD had less frequent median annual ER visits
and hospitalizations as well as shorter LOS (0.4 vs. 0.2;
0.5 vs. 0.2; 1.7 vs. 0.64), respectively; however, these
were not statistically significant. Similar trends were
seen in a sub-group analysis that included only
HbSS patients.

Discussion

This study contributes to the growing body of litera-
ture on HU adherence and health care utilization in
SCD. We found that young adults had significantly
higher adherence to HU, as reflected in their labora-
tory markers, compared to children and adolescents.
Patients with higher HbF% and/or MCV as well as
lower ANC had significantly less frequent annual ER
visits and hospitalizations with shorter LOS. Patients
with chronic pain status had significantly lower HU
adherence as well as increased health care utilization,

compared to those without chronic pain. Male sex,
longer duration of HU therapy, and tablet formulation
were associated with higher HU adherence overtime.

Our data also showed that higher HU adherence
correlated with decreased health care utilization. This
finding is consistent with other published studies that
have examined the relationship between HU adher-
ence and health care utilization [21,43–46]. Health care
utilization is often a reflection of disease severity, spe-
cifically the burden of SCD complications, and has
many implications for long-term health outcomes,
morbidity, and early mortality [47]. HU has been found
to be both efficacious and of high clinical value in
terms of reducing morbidity and mortality and to
lower health care utilization in patients with SCD
[48,49]. In the HUSTLE trial, published in 2017, higher
HU adherence, as indicated by HbF �20%, was associ-
ated with decreased SCD-related complications and
less frequent hospitalizations [44]. Similarly, a single-
center study of 37 paediatric patients in the United
Kingdom showed that higher HU adherence was sig-
nificantly associated with less frequent SCD-related
hospitalizations [45]. Furthermore, we found that
chronic pain was significantly associated with lower

Table 2. Laboratory markers of hydroxyurea adherence in relation to patients’ age and chronic pain status.
All participants (N¼ 113)

Age groups (years) Chronic pain

<12 (n¼ 37) 12–17 (n¼ 26) �18 (n¼ 50) p Value Yes (n¼ 20) No (n¼ 93) p Value

HbF, median (IQR)
Most recent 8.6 (5.1–20.8) 12.4 (9.9–16.3) 24.2 (11.7–30.3) .003 10.7 (4.6-19.5) 15.3 (8.9-29.3) .04
Last year 8.4 (5.1–21.2) 14 (10.5–20.7) 24.4 (17.7–24.1) .001 14.5 (4.9-20.7) 18 (9.8-29.4) .24
Last 2 years 10.4 (5.1–15.5) 16.7 (12.4–24.4) 21.4 (15.2–26.4) .01 17.4 (8.1-22.5) 16.1 (10.9-25) .58

MCV, median (IQR)
Most recent 95.4 (81.6–102.4) 96.2 (90.9–113.1) 106.4 (92.6–116) .01 93.1 (87.9–1003.5) 102.3 (91.4–112.7) .1
Last year 96.4 (85.1–100.4) 94.6 (92.1–113.4) 106.2 (95.5–114.6) .04 95.7 (89–112.1) 99.1 (92–113.4) .46
Last 2 years 94.5 (85.7–101.1) 97.5 (92.3–112.5) 109.8 (97.3–113.7) .01 96.6 (92.1–109.8) 100.8 (91.9–112.5) .29

ANC, median (IQR)
Most recent 5 (2.9–5.9) 3.7 (2.7–6.1) 3.61 (2.3–5.7) .5 6.3 (4–7) 3.6 (2.3–5.6) .002
Last year 4.2 (3.4–6.8) 4.9 (3.6–6.6) 3.25 (2.4–4.7) .01 4.2 (3.5–5) 3.77 (3–5.7) .66
Last 2 years 4.4 (3.1–6.7) 4.8 (3.8–7) 3.9 (2.8–5.4) .16 4.4 (3.9–6.2) 4.2 (3.1–6) .6

Participants with HbSS (N¼ 99)

Age groups (years) Chronic pain

<12 (n¼ 29) 12–17 (n¼ 26) �18 (n¼ 44) p Value Yes (n¼ 17) No (n¼ 72) p Value

HbF, median (IQR)
Most recent 9.25 (6.6–26.5) 12.4 (9.9–16.3) 24.3 (13.6–33.1) .01 12.8 (8.7–22.6) 18.4 (9.1–30.3) .12
Last year 9.55 (6.45–25.3) 14 (10.5–20.7) 24.4 (17.7–32.7) .001 15.9 (9.0–22.8) 18.8 (10.5–29.4) .29
Last 2 years 10.8 (5.3–21.6) 16.7 (12.4–24.4) 21.4 (15.2-26.4) .03 17.8 (9.0–24.0) 16.8 (12.4–25) .74

MCV, median (IQR)
Most recent 99.3 (92.5–104.9) 96.2 (90.9–113.1) 107.5 (93.6–116.1) .08 96 (91.7–106.6) 104.1 (93.6–113.1) .17
Last year 98.9 (94.9–104.5) 94.6 (92.1–113.4) 107 (95.8–114) .18 95.9 (91.1–113.3) 100 (92.8–114) .41
Last 2 years 96.7 (91.3–101.2) 97.5 (92.3–112.5) 110.9 (97.3–115.2) .02 96.7 (92.5–110.4) 101.1 (94.8–113.7) .28

ANC, median (IQR)
Most recent 5.1 (2.4–6.4) 3.7 (2.7–6.1) 3.5 (2.3–5.7) .48 6.6 (6.9–3.5) 3.6 (2.3–5.6) .003
Last year 4.2 (3.6–6.8) 4.9 (3.6–6.6) 3.2 (2.4–4.2) .002 4.1 (3.2–5.9) 3.7 (3–5.5) .65
Last 2 years 4.7 (4.1–7.7) 4.8 (3.8–7) 3.7 (2.7–5.2) .04 4.3 (3.8–6.3) 4.2 (3.1–6.1) .75

p <.05 was statistically significant (highlighted in bold).
ANC: absolute neutrophil count; HbF: foetal haemoglobin; IQR: inter-quartile range; MCV: mean corpuscular volume.
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HU adherence and increased health care utilization,
which is consistent with the published literature [23].
The association of chronic pain with both adherence
and health care utilization aligns with our hypothesis
that factors associated with adherence would also be
associated with health care utilization.

In our study, we sought to examine the relationship
of different patients’ characteristics in relation to HU
adherence and health care utilization. In particular, we
found that young adults had statistically significant
higher HU adherence, as demonstrated in laboratory
markers (i.e. HbF%, MCV, and ANC), compared to chil-
dren and adolescents. The relationship between age
and adherence has not been established in the pub-
lished literature [38]. Moreover, we anticipated that, if
there was a relationship between age and adherence,
younger populations would have greater adherence
due to parental motivation and co-management of
their care. One study in North Carolina examined the
records of 2,790 patients with SCD and found that
co-management (involvement of both a primary care
provider and haematologist in SCD management)
was associated with higher adherence [50].

Co-management was also higher amongst the
younger age groups (<18 years) compared to the
adult sub-groups [50].

Recall barriers, or forgetfulness, is the most com-
mon reason for low adherence or non-adherence in
the general population and in patients with SCD
[32,51–53]. In addition, having multiple parties
involved in remembering or managing a medication
regimen could be an asset or hinderance to adherence
in younger patients. Moreover, there are many more
HU adherence challenges among young adults, includ-
ing a transition to independently managing medica-
tions and their SCD as well as other psychosocial
stressors during the transition from adolescence to
adulthood [52]. Conversely, there are a few factors
that may support our findings of young adults in our
cohort having increased HU adherence. Adult popula-
tions maintain greater autonomy and independence in
their medication regimen, and thus may be more
motivated to adhere to their regimen. Our findings
were also notable as the “adolescent” cohort had
greater adherence than the paediatric cohort, but
lower than the adult cohort, as this is the age group

Table 3. Association between laboratory markers of hydroxyurea adherence and healthcare utilization.
All participants (N¼ 113)

Emergency room visits (rate/year) Hospitalizations (rate/year) LOS hospitalizations (days/year)

All (rs) p Value HU (rs) p Value All (rs) p Value HU (rs) p Value All (rs) p Value HU (rs) p Value

HbF
Most recent �0.18 .07 �0.26 .01 �0.21 .03 �0.27 .01 �0.23 .02 �0.27 .0045
Last 1 year �0.27 .02 �0.30 .01 �0.25 .03 �0.30 .01 �0.26 .02 �0.32 .004
Last 2 year �0.14 .36 �0.01 .32 �0.25 .04 �0.28 .02 �0.27 .03 �0.31 .01

MCV
Most recent �0.20 .04 �0.23 .01 �0.18 .06 �0.14 .25 �0.22 .02 �0.14 .13
Last 1 year �0.20 .08 �0.15 .17 �0.19 .08 �0.11 .32 �0.24 .03 �0.12 .27
Last 2 year �0.24 .05 �0.18 .07 �0.31 .01 �0.17 .15 �0.34 .004 �0.19 .11

ANC
Most recent 0.23 .02 0.24 .01 0.22 .02 0.21 .02 0.22 .02 0.23 .02
Last 1 year 0.25 .02 0.25 .03 0.18 .11 0.17 .12 0.14 .20 0.15 .27
Last 2 year 0.14 .24 0.06 .66 0.18 .13 0.15 .22 0.16 .19 0.15 .23

Participants with HbSS (N¼ 99)

Emergency room visits (rate/year) Hospitalizations (rate/year) LOS hospitalizations (days/year)

All (rs) p Value HU (rs) p Value All (rs) p Value HU (rs) p Value All (rs) p Value HU (rs) p Value

HbF
Most recent �0.15 .14 �0.20 .045 �0.18 .09 �0.25 .015 �0.18 .08 �0.25 .01
Last 1 year �0.21 .07 �0.21 .07 �0.17 .14 �0.22 .07 �0.17 .2 �0.23 .05
Last 2 year �0.05 .56 �0.02 .87 �0.16 .22 �0.19 .15 �0.17 .2 �0.20 .11

MCV
Most recent �0.16 .13 �0.14 .16 �0.16 .13 �0.11 .27 �0.22 .03 �0.12 .26
Last 1 year �0.13 .25 �0.02 .88 �0.12 .29 �0.004 .97 �0.18 .11 �0.01 .93
Last 2 year �0.24 .06 �0.08 .54 �0.27 .04 �0.15 .26 �0.31 .01 �0.16 .22

ANC
Most recent 0.21 .04 0.22 .03 0.26 .01 0.22 .03 0.27 .01 0.24 .02
Last 1 year 0.24 .04 0.23 .04 0.19 .11 0.16 .17 0.15 .18 0.16 .19
Last 2 year 0.16 .22 0.07 .60 0.24 .06 0.17 .19 0.22 .09 0.18 .16

p< 0.05 was statistically significant (highlighted in bold).
rs, Spearman rho correlations; “All” is defined as entire follow up period, including HU therapy; “HU” is defined as being on HU.
ANC: absolute neutrophil count; HbF: foetal haemoglobin; HU: hydroxyurea; LOS: length of stay; MCV: mean corpuscular volume.
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where patients transition in their autonomy, independ-
ence, and involvement of parents in their care. This is
especially significant and interesting, as some studies
have suggested that adolescents may have unique
challenges with adherence, particularly related to
negative beliefs and concerns about HU
[32,33,52,54–56]. A study of self-reported barriers to
adherence in patients’ age 13–24 years old found that
patients craved greater independence in managing
their medication, while also fearing bullying and stig-
matization from being labelled as a patient when tak-
ing their medications [52]. Haywood et al. [55] have
reported that patients’ concerns about HU may also
relate to the following: no perceived benefit, lack of
knowledge, and side-effects (e.g. safety, reproductive
effects, and carcinogenicity). It is also worth noting
that physicians, patients, and family members may
have different outlooks towards a patient’s disease
severity. In a 2005 study by Connelly et al. [57],
parents and physicians of patients with SCD reported
more SCD-related symptoms and increased disease
severity than the patients themselves. As a result of
these factors, although medication non-adherence has
generally been high among the paediatric chronic
health patients, estimates of adolescent non-adher-
ence are often even higher [52,53].

There are factors that could support increasing
adherence with age, including throughout adoles-
cence. The transition to adulthood allows for even
greater independence, control, and self-care which can
be motivating to patients. Patients may appreciate the
benefits and necessity of a medication in managing
their symptoms based on their own experiences to a
greater degree than a parent or caregiver might. This
has been observed in patients with cystic fibrosis,
where older adolescents and young adults (AYA) have
been found to perceive a higher necessity of enzyme
supplement, vitamins, and chest physiotherapy [57,58].
Previous studies have found that individuals with SCD
across all ages have high health care utilization and
more frequent hospitalizations and ER visits; this is
especially true for AYA have who have been found to
have longer hospital length of stays (LOSs) as well
[11,36,37,59–61]. Another consideration would be that
young adults learned the skills of adherence overtime.
However, given the variability in adherence and dur-
ation of medication use within each age group of our
study, this is less likely to explain the trends observed
in this data.

While patient age proved to be a significant finding
in relation to HU adherence, it is worthwhile to note
that many demographic qualities, such as SES, patient

Table 4. Health care utilization in relation to patients’ age and chronic pain status, and duration of prescription.
All participants (N¼ 113)

Age groups (years) Chronic pain

<12 12–17 �18 p Value Yes No p Value

Emergency room, median (IQR)
All 1.1 (0.3–2.2) 1.1 (0–2.0) 0.24 (0–2.0) .32 1.9 (1.1–5.0) 0.6 (0–1.8) <.001
On HU 1 (0-2.2) 0.40 (0-2.0) 0.20 (0-1.5) .58 2.17 (1–4.25) 0 (0–1.4) .001

Hospitalization, median (IQR)
All

Stays a year 0.6 (0–1.4) 0.74 (0.4–1.8) 0.4 (0–1.6) .57 1.6 (0.5–4.2) 0.4 (0–1.2) .001
Length of stay 2.0 (0–7.6) 3.95 (1.2–9.4) 1.8 (0–7.0) .44 9.6 (3.2–24) 1.8 (0–7.0) <.001

On HU
Stays a year 0 (0–1.4) 0.5 (0–1.6) 0.2 (0–1.4) .45 1.8 (0.43–3.5) 0 (0–1.0) <.001
Length of stay 0 (0–6.4) 1.7 (0–8.6) 0.64 (0–7.8) .53 9.64 (2.87–3.3) 0 (0–3.0) <.001

Participants with HbSS (N¼ 99)

Age groups (years) Chronic pain

<12 12–17 �18 p Value Yes No p Value

Emergency room, median (IQR)
All 0.9 (0–2.0) 1.1 (0–2.0) 0.24 (0–2.0) .56 2.0 (1.5–4.0) 0.4 (0–1.8) <.001
On HU 0 (0–2.2) 0.40 (0–2.0) 0.20 (0–1.4) .66 2.33 (1.4–4.0) 0 (0–1.0) <.001

Hospitalization, median (IQR)
All

Stays a year 0.4 (0–1.2) 0.74 (0.4–1.8) 0.4 (0–1.6) .37 2.0 (0.8–4.4) 0.4 (0–1.2) <.001
Length of stay 1.8 (0–6.4) 3.95 (1.2–9.4) 1.6 (0–6.9) .25 15 (3.4–25.6) 1.4 (0–5.2) <.001

On HU
Stays a year 0 (0–1) 0.5 (0–1.6) 0.2 (0–1.4) .26 2.0 (0.8–4.0) 0 (0–0.74) <.001
Length of stay 0 (0–3.6) 1.7 (0–8.7) 0.67 (0–6.4) .28 15 (3.4–25.6) 0 (0–2.44) <.001

p <.05 was statistically significant (highlighted in bold).
HU: hydroxyurea; IQR: inter-quartile range.
“All” is defined as entire follow up period, including being HU therapy; “On HU” is defined as the period being on HU.
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insurance status and distance from the hospital were
not significantly associated with either adherence or
health care utilization. The lack of association with
insurance status may be partially due to the paediatric
population in this study, where almost all of the par-
ticipants were insured, many by Medicaid (38.9%). In
future studies, it may be worthwhile to examine the
relationship between SES and distance from the hos-
pital in a cohort that includes both insured and unin-
sured individuals. Further, patients had an average of
15.2 miles from the hospital, and thus may not have
the best indicator for the effect of large distance of
travel time for patients, which warrant further evalu-
ation in future studies in larger metropolitan areas or
health systems.

Strengths and limitations

A major strength of the study is its focus on children,
adolescents and young adults with SCD, which are
vulnerable populations known to have more frequent
disease-related complications [62]. Moreover, the time
course of our study (5 years) including analyses of
laboratory markers of adherence at various timepoints,
namely most recent, 1 year and 2 years, enabled us to
examine both short- and long-term adherence in this
population with relatively consistent results. However,
our study has few limitations as well. This study was
conducted at a single academic institution, which rela-
tively limited our cohort sample size and generalizabil-
ity of our findings, given study setting. In addition, our
data on health care utilization in particular relied on
using the number of SCD events (i.e. ER visits, hospi-
talizations, and LOS) in our institution’s EMR. It is pos-
sible that we may have missed events at other
institutions that were not reflected or documented in
our medical records. Finally, another potential inherent
limitation in our study was its design as a retrospect-
ive chart review. Our adherence was measured primar-
ily through laboratory values known to be strong
markers or surrogate of adherence. Other measures of
adherence, such as subjective self-report surveys, elec-
tronic pill bottles, pill count, and/or patient medication
logs could have provided more insight into patients’
adherence behaviour as well as their different per-
ceived barriers to adherence.

Conclusions

Adherence to HU remains a challenge in the SCD pop-
ulations. Young adults had significantly higher HU
adherence compared to children and adolescents with

SCD. Research in this domain is crucial precisely due
to the vulnerability of these populations, and as SCD
is a chronic illness, identifying factors that impact
adherence early on can have a lifelong impact on
patients. Our findings enhance our understanding of
health care utilization in patients with SCD and under-
scores the importance of adherence in the outcomes
of SCD patients. Further studies are needed to better
understand the relationship of HU adherence dynam-
ics to age, transition of care, SES, distance from the
hospital, insurance status, and other demographic fac-
tors. Specifically, future longitudinal studies could
examine the impact of patient autonomy, parental
involvement, health literacy, and social support on HU
adherence overtime, which would be crucial to iden-
tify barriers and facilitators of adherence. Moreover,
future studies are needed to investigate the potential
role of behavioural interventions, especially digital
ones, to improve HU adherence in SCD. Several
ongoing studies right now are looking at interventions
to improve adherence in this population, such as the
addition of a community health worker, and use of a
mobile health app [63–65]. These studies emphasize
the importance of the parent–youth dyad in their
interventions, which could address some of the chal-
lenges with adherence experienced by the younger
age groups in this study [63]. Optimizing adherence to
HU and other disease modifying therapies is key to
improve health outcomes and HRQOL as well as
decrease risk of complications and early mortality in
this vulnerable population of children, adolescents,
and young adults with SCD.
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