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Abstract

Objective Adolescents with sickle cell disease (SCD) are at increased risk for complications.

Hydroxyurea is a medication that can ameliorate risk but to benefit, adolescents must adhere to

treatment. Study aims were to describe how adolescents and their caregivers decided who was re-

sponsible for treatment tasks, to describe adolescents’ and caregivers’ responsibility for these

tasks, and to examine if hydroxyurea adherence was associated with younger adolescent age, less

discrepancy between adolescents’ and caregivers’ reports of adolescent responsibility, and higher

caregiver involvement. Methods Twenty-nine dyads completed treatment responsibility meas-

ures. A combination of laboratory and electronic prescription data were used to determine hy-

droxyurea adherence and electronic medical records were used to determine appointment

adherence. Results Few dyads agreed or planned how to complete treatment tasks. Adolescents

shared responsibility with caregivers for medication-taking tasks. Adolescents

perceived caregivers and caregivers perceived adolescents were overall responsible for treatment,

especially for appointment tasks. Half of adolescents were adherent to hydroxyurea and half were

adherent to appointments but medication adherence was not associated with age, discrepancy be-

tween adolescents’ and caregivers’ responses, or caregiver involvement. Conclusions Despite

frequent hydroxyurea and appointment nonadherence, few adolescents and caregivers plan how

to manage adolescents’ SCD treatment or perceive they are overall responsible. Future studies are

needed to determine the factors that influence these perceptions and if increasing adolescent and

caregiver treatment planning improves adherence and clinical outcomes.
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Introduction

Sickle cell disease (SCD) is the most common inherited
blood disorder, affecting approximately 100,000 indi-
viduals in the United States (Center for Disease

Control, 2017). SCD is characterized by multiple mor-
bidities, including frequent debilitating pain episodes
and an increased risk of stroke, and only 50% of
patients survive into their fifth decade (Platt et al., 1991,
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1994; Ohene-Frempong et al., 1998). Hydroxyurea is
one of the few preventative and disease modifying thera-
pies available for SCD. With multiple studies showing
that this once daily medication increases patients’ qual-
ity of life (Ballas et al., 2006) and reduces hospitaliza-
tions (Wang et al., 2011), treatment costs (Wang et al.,
2013), and mortality (Lobo et al., 2013; Voskaridou
et al., 2010), hydroxyurea use among children with
SCD is increasing (Creary et al., 2016). While hydroxy-
urea is considered safe and effective, patients receiving
hydroxyurea require close monitoring due to the poten-
tial for low blood cell counts (e.g., neutropenia and
thrombocytopenia) that can necessitate temporary inter-
ruption and/or hydroxyurea dose de-escalation.
Therefore, it is recommended that patients prescribed
hydroxyurea receive frequent (every 2–3 months) labo-
ratory and clinical monitoring. The purpose of this mon-
itoring is to: (1) monitor patients for low blood cell
counts and interrupt and/or decrease their hydroxyurea
dose if it occurs, (2) escalate patients’ dose as it is toler-
ated to a maximum of 35 mg/kg/day or 2,000 mg daily,
and (3) address medication nonadherence if it occurs
(Yawn et al., 2014). Despite these clear benefits and rec-
ommendations, it is estimated that 50% of children, and
maybe as high as 75% of adolescents (Badawy et al.,
2017), are nonadherent to hydroxyurea (Thornburg,
Calatroni, Telen, & Kemper, 2010) and hydroxyurea
nonadherence is associated with worse health outcomes
(Candrilli et al., 2011). Furthermore, appointment non-
adherence is associated with hydroxyurea nonadherence
and worse health outcomes, but only 75% of children
on hydroxyurea and only 61% of all children with SCD
attend the recommended frequency of appointments an-
nually (Creary et al., 2017; Modi, Crosby, Hines,
Drotar, & Mitchell, 2008).

Understanding how adolescents with SCD on hy-
droxyurea and their caregivers distribute responsibil-
ity for hydroxyurea (e.g., taking the pills, obtaining
refills, obtaining laboratory testing, and scheduling
and attending clinic appointments) could inform
interventions to improve medication adherence and
SCD-management. First, adolescence is a vulnerable
developmental period. Adolescents are seeking inde-
pendence and autonomy and caregivers are providing
less supervision, especially around medical tasks
(Modi, Crosby, Hines, Drotar, & Mitchell, 2008) and
it is notable that this is the period when hydroxyurea
adherence rates are likely to be lowest (Badawy et al.,
2017). Second, with increasing hydroxyurea use
among younger children with SCD, it is expected that
the number of adolescents who will eventually experi-
ence hydroxyurea adherence challenges will continue
to increase. Third, because adolescents with SCD ex-
perience more complications and have a threefold
higher risk of mortality compared to younger
children (Quinn, Rogers, McCavit, & Buchanan,

2010), ineffective disease management and medication
nonadherence consequences become even more im-
pactful compared to when these children were youn-
ger. Finally, prior studies suggest that adolescents
frequently lack disease self-management skills
(Speller-Brown et al., 2015), such as knowing their in-
surance information or being able to communicate
with medical providers, that are necessary to be able
to be adherent to treatment. While caregivers of chil-
dren with SCD report being actively involved in their
children’s SCD management (Oliver-Carpenter,
Barach, Crosby, Valenzuela, & Mitchell, 2011), it is
unclear how responsibility for medical treatment tasks
are allocated, shared, and transitioned as these chil-
dren transition to adulthood.

Pai and colleagues developed the allocation of treat-
ment responsibility (ATR) measure to quantify adoles-
cent and caregiver responsibility for the tasks required
for chronic medical treatment of adolescents with re-
nal transplants (Pai et al., 2010). The ATR was
adapted and subsequently validated among adoles-
cents with epilepsy and their caregivers (Ryan, Arnett,
Pai, & Modi, 2014). Combined, these studies suggest
that adolescent age, discrepancy between adolescents’
and caregivers’ reports of adolescent responsibility,
and caregiver involvement are associated with medica-
tion adherence. Because of the unique features of SCD
and of hydroxyurea treatment, the ATR results from
these other chronically ill adolescent populations,
however, may not apply to adolescents with SCD. For
example, most adolescents with SCD in the United
States are diagnosed shortly after birth (Center for
Disease Control, 2017) and this early diagnosis neces-
sitates early parental dependence that could signifi-
cantly impact how responsibility for treatment is
distributed as children with SCD become adolescents.
Thus, the objectives of our study were to describe how
adolescents with SCD who are prescribed hydroxy-
urea and their primary caregivers decided who was re-
sponsible for treatment tasks and to describe
adolescents’ and caregivers’ responsibility for these
tasks. We hypothesized that adolescents and care-
givers would report that they planned how they would
complete treatment tasks and that adolescents would
have some responsibilities for treatment but caregivers
would be overall responsible. We also hypothesized
that hydroxyurea adherence would correlate with
younger adolescent age, less discrepancy between ado-
lescents’ and caregivers’ reports of adolescent respon-
sibility, and increased caregiver involvement.

Methods

Participants, Study Design, and Recruitment
We performed an Institutional Review Board ap-
proved prospective study of adolescents with SCD and
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their primary caregiver at two large, Midwestern pedi-
atric SCD centers, Nationwide Children’s Hospital
(NCH) and Cincinnati Children’s Hospital Medical
Center (CCHMC). At NCH, English speaking patients
with SCD (all genotypes) were eligible if they were
12–20 years old, initiated hydroxyurea at least 6
months before study entry, and had an English speak-
ing primary caregiver who also agreed to complete the
study surveys. At CCHMC, the baseline ATR results
of a subset of adolescents’ with SCD and their care-
givers’ who enrolled on a separate chronic disease self-
management intervention study (ClinicalTrials.gov
Identifier: NCT02851615) were included in these
analyses if the adolescents and caregivers were
English-speaking, and if the adolescent had SCD
(Hemoglobin SS, SB0Thalassemia, SBþThalassemia,
or SC genotypes), was 13–21 years of age, and initi-
ated hydroxyurea at least 6 months before study entry.
Prospective adolescent participants were identified us-
ing electronic medical records (EMR) and mailed a re-
cruitment letter before a trained clinical research
coordinator approached them and their caregivers at a
clinical or research appointment for study participa-
tion. Additional EMR review was completed on en-
rolled adolescent participants to collect baseline
demographic data (including age, gender, SCD geno-
type, and race), laboratory results [mean corpuscular
volume (MCV) and hemoglobin F%], duration of hy-
droxyurea therapy, and electronic hydroxyurea pre-
scribing information. Caregiver participants self-
reported their demographic information (age, relation-
ship to the adolescent, and educational status).
Adolescents and caregivers completed surveys elec-
tronically and independently and received a small
monetary gift card for their time.

Allocation of Treatment Responsibility
The original validated ATR measure (Pai et al., 2010)
was slightly modified to be specific to adolescents
with SCD and their caregivers by removing items that
were not expected of patients with SCD (e.g., bringing
medications to every clinic visit). It contained 33 total
items (see Supplementary) and was scored using the
same methods used in previous studies (Holbein,
Smith, Peugh, & Modi, 2019; Pai et al., 2010; Ryan,
Arnett, Pai, & Modi, 2014).

Responsibility Planning
The introductory items asked participants to identify
the people that assist the adolescent with their health
and if the participant had experienced any recent ma-
jor life changes. To describe how responsibility for
treatment was decided, participants were asked to se-
lect from the following list: (a) My caregiver/child de-
cided, (b) I decided, (c) We planned who was
responsible for each task, (d) We just do it, (e) My

caregiver does/I do it all so there were no decisions to
be made, and (f) Other (open response).

Adolescents’ and Caregivers’ Responsibilities
The remaining 15 ATR items were divided into four
different categories of tasks: oral medications, clinic
appointments, laboratory tests, and other tasks.
Responses to these items were used to determine ado-
lescents’ and caregivers’ responsibility for treatment.
For each of the 15 items, participants first rated their
responsibility for each item (e.g., calling the pharmacy
when a refill is needed, planning how to get to clinic
appointments, remembering to have labs done, mak-
ing sure medication is available if not at home) on a 4-
point Likert scale (1¼none of the time to 4¼ all of
the time) and then reported their adolescents’/care-
givers’ responsibility for these same 15 items.

Responsibility scores were calculated for each par-
ticipant and were used to determine who the partici-
pant perceived was most responsible for each category
of tasks and overall. Responsibility scores were calcu-
lated using the following formula: participants’ report
of their adolescents’/caregivers’ responsibility minus
their report of their own responsibility. Responsibility
scores could range from �45 to þ45 overall, from
�18 to þ18 for the oral medication tasks, from �12
to þ12 for the clinic appointment tasks, from �9 to
þ9 for the laboratory tasks, and from �6 to þ6 for
the other tasks. A negative responsibility score indi-
cated the participant perceived the other member of
the dyad was more responsible, a positive responsibil-
ity score indicated the participant perceived he/she
was more responsible, and a responsibility score of 0
indicated shared responsibility between both members
of the dyad. For example, if an adolescent reported be-
ing responsible “none of the time” for each of the 15
items (score of 15) and his/her caregiver was responsi-
ble “all of the time” for each of the 15 items (score of
60), the adolescent’s overall responsibility score would
be �45 and this would indicate that the adolescent
perceived his/her caregiver was solely responsible for
all treatment tasks.

Caregiver Involvement
Similar to previous studies (Holbein, Smith, Peugh, &
Modi, 2019), caregiver involvement was defined by
the adolescents’ reported overall responsibility score
and larger negative scores indicated higher caregiver
involvement.

Discrepancy Scores
Adolescent discrepancy scores were used to identify if
there was inconsistency between adolescents’ and
caregivers’ reports of adolescents’ responsibility for
treatment. Adolescent discrepancy scores were calcu-
lated using the following formula: the absolute value
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of the adolescents’ report of their overall responsibility
minus the caregivers’ report of their adolescents’ over-
all responsibility. These scores could range from 0 to
45 and larger adolescent discrepancy scores indicated
more inconsistency between adolescents’ and care-
givers’ reports of the adolescents’ overall responsibility
for treatment.

Internal Reliability
Cronbach alpha was used to assess the internal reli-
ability of participants’ ATR responses and was 0.86
and 0.67 for adolescent participants and caregiver par-
ticipants, respectively.

Electronic Prescriptions
In the year prior to study enrollment, clinicians at
both study centers exclusively used electronic hy-
droxyurea prescribing and these prescriptions were
available for review within the EMR. Using the same
method used in a previous hydroxyurea adherence
study (Creary et al., 2017), all hydroxyurea prescrip-
tions written in the EMR during the 210 days prior to
the adolescent completing the ATR survey were
reviewed. If these prescriptions indicated that, if filled,
the participant would have had access to hydroxyurea
on at least 80% of the 180 days immediately prior to
survey completion, the participant was considered to
have evidence of adherence by prescription data. The
80% threshold was used since this was the level of ad-
herence that was achieved by most participants during
the phase III, randomized, clinical trial of hydroxyurea
in children (Thornburg et al., 2010).

Mean Corpuscular Volume and Fetal Hemoglobin
The hydroxyurea clinical trial in children with
Hemoglobin SS SCD showed that hydroxyurea expo-
sure increases erythrocyte MCV and fetal hemoglobin
(HbF) concentrations (Wang et al., 2011).
Hydroxyurea monitoring guidelines that were similar
to published recommendations (Yawn et al., 2014)
were used at both study centers in the year prior to
study enrollment. These guidelines recommended that
clinicians routinely measure patients’ MCV and HbF
if they were prescribed hydroxyurea. Participants’
MCV and HbF from their routine hematology
appointments that occurred within 90 days of survey
completion were abstracted from their EMR. If partic-
ipants had multiple visits during this time, only data
from their most recent visit was used. Similar to a pre-
vious study, adolescents with an MCV �102 fl were
considered to have evidence of adherence by MCV
and participants with an HbF �16% were considered
to have evidence of adherence by HbF (Badawy et al.,
2017).

Hydroxyurea Adherence
There are no validated hydroxyurea adherence meas-
ures, but electronic prescriptions, MCV, and HbF
have been used to classify patients as adherent or non-
adherent in previous studies (Badawy et al., 2017;
Creary et al., 2017). Since multimethod adherence
measurement is recommend to reduce the inherent
limitations that exist with all adherence measures
(Quittner, Modi, Lemanek, Levers-Landis, & Rapoff,
2008), adolescents were considered adherent to hy-
droxyurea if they had evidence of adherence by at least
two of the following: electronic prescriptions, MCV,
and HbF. Only adolescent participants with
Hemoglobin SS (n¼26) SCD were included in the hy-
droxyurea adherence analyses because previous stud-
ies suggest that hydroxyurea may not have the same
impact on MCV or HbF in patients with Hemoglobin
SC or SBþThalassemia SCD (Luchtman-Jones et al.,
2016; Zimmerman et al., 2004).

Clinic Appointment Adherence
Hydroxyurea monitoring guidelines at both centers in
the year prior to enrollment recommended that adoles-
cents on hydroxyurea attend at least four in-person he-
matology appointments annually, unless their
provider documented a less frequent appointment
plan. Adolescent participants’ EMR for the year prior
to enrollment was reviewed to determine the number
of these appointments each participant attended and
participants who attended at least four appointments
(or the minimum number of appointments required
and documented by their provider) were categorized
as adherent to their appointments.

Statistical Analysis
Descriptive statistics were used to describe how adoles-
cents and caregivers decided on responsibility for treat-
ment, adolescents’ and caregivers’ responsibilities for
tasks, adolescent discrepancy scores, and hydroxyurea
and appointment adherence. Because of our small sam-
ple size and non-normally distributed data, Wilcoxon
rank sum tests were used to determine if hydroxyurea
adherence and appointment adherence were associated
with younger adolescent age, less discrepancy between
adolescents’ and caregivers’ reports of adolescent re-
sponsibility, and higher caregiver involvement. Effect
sizes for these analyses were calculated using Cohen’s
method. Finally, Wilcoxon rank sum tests were also
used to compare ATR results between the two study
sites to explore if location of care was associated with
participants’ perceived responsibility.

Results

Participants
NCH recruited 18 adolescents (78.3%) of those eligi-
ble for the survey study and CCHMC recruited 66
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adolescents (85.7%) of those eligible for the larger
self-management intervention study. Of these, survey
responses from 29 adolescents and their caregivers (18
dyads from NCH and 11 dyads from CCHMC) were
included in these analyses. All of the enrolled adoles-
cents initiated hydroxyurea at least 1 year prior to sur-
vey completion and were between 12 and 18 years.
Participants’ demographics and the demographics of
the patients with SCD that were 12–18 years and were
prescribed hydroxyurea at the start of enrollment at
each center are shown in Table I.

Responsibility Planning
Most adolescents (96.6%) and caregivers (86.2%)
listed at least one, and up to four additional people
that assist the adolescent with medications and treat-
ments. The adolescent’s mother was the most fre-
quently listed person by both adolescents and
caregivers. Many dyads (65.5%) did not agree how
the treatment responsibility was decided. Of the dyads
who agreed, only two dyads reported that they
planned who was responsible for each task. The most
common response for adolescents (31%) and care-
givers (51.7%) when asked how responsibility was de-
cided was “We just do it.”

Caregiver and Adolescent Responsibility
Twenty-five (86.2%) of the adolescents had negative
overall responsibility scores, indicating that most

adolescents perceived their caregivers were more
responsible for treatment (Table II). Fifteen (51.7%)
caregivers had a negative overall responsibility score,
indicating that approximately half of caregivers
perceived their adolescents were more responsible
overall for treatment. Adolescents’ and caregivers’
perceived shared responsibility for taking oral
medication and other tasks, but neither adolescents
nor caregivers perceived personal responsibility for
clinic appointment tasks (Table II). Comparing
study sites, adolescents’ responsibility scores were
not significantly different (median �15 at NCH vs.
�6 at CCHMC, p¼ .22), but caregivers’ responsibil-
ity scores were significantly different (median �23 at
NCH vs. 17 at CCHMC, p< .0001).

Hydroxyurea Adherence
Electronic prescriptions showed that participants had
access to hydroxyurea for a median of 75.8% (range
0–100%) of the 180 days prior to survey completion
(Table III). The median MCV and HbF for the 26 par-
ticipants with Hemoglobin SS SCD was 93.7 fl (range
76.8–123.8) and 21% (range 3.2–40%), respectively.
Fourteen (53.8%) of the adolescents with Hemoglobin
SS were classified as adherent to hydroxyurea because
they had evidence of hydroxyurea adherence by two
or three of the following: electronic prescriptions,
MCV, and HbF.

Table I. Participant Demographics and Adolescent Patient Demographics

NCH
participants

CCHMC
participants

Total
participants

Patientsb

at NCH
Patientsb

at CCHMC

Adolescent Patients on hydroxyurea (n) 18 11 29 34 33
Median age, in years (range) 14 (12–18) 16 (13–17) 14 (12–18) 14 (12–18) 16 (12–18)
Female (n) 11 7 18 17 17
SCD genotype (n)

SS or Sb0 17 9 26 31 29
Other (e.g., SC, Sbþ) 1 2 3 3 4

Race
Black/African American 13 11 24 – –
African 4 0 4
Black/African American and African 1 0 1

Caregivers (n) 18 11 29 – –
Median age, in years (range) 40 (34–68) 40 (33–55)a 40 (33–68)a – –
Relationship to adolescent

Mother 12 7 19 – –
Father 5 4 9
Grandmother 1 0 1

Education level (n)
<12th grade 3 1 4
High school diploma or General Education Diploma 4 1 5
Some college, no degree 4 3 7 – –
Associates degree 2 0 2
Bachelor’s degree 3 3 6
Graduate or professional degree 2 3 5

aTwo caregivers did not report their age.
bPrescribed hydroxyurea and were 12–18 years of age at the beginning of enrollment.
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Hydroxyurea Adherence versus Age, Discrepancy
Score, and Caregiver Involvement
The median adolescent discrepancy score was 14
(range 1–38). Adolescent age (median 14 vs. 15 years,
p¼ .28, Cohen’s d¼ .34), adolescent discrepancy
score (median 13.5 vs. 16 points, p¼ .92, Cohen’s
d¼ .06), and caregiver involvement (median �13 vs.
�13 points, p¼ .8, Cohen’s d¼ .15) were not signifi-
cantly different between hydroxyurea adherent and
nondherent adolescents.

Appointment Adherence versus Age, Discrepancy
Score, and Caregiver Involvement
Adolescents attended a median of 3 (range 1–10) clinic
appointments in the year prior to survey completion
(Table III). Adolescent age (median 13 vs. 15 years,
p¼ .11, Cohen’s d¼ .53), adolescent discrepancy
score (median 22 points vs. 11 points, p¼ .06,
Cohen’s d¼ 0.72), and caregiver involvement (median
�15 points vs. �7 points, p¼ .36, Cohen’s d¼ .23)
were not significantly different between appointment
adherent and non-adherent adolescents.

Discussion

Hydroxyurea is an effective medication for adolescents
with SCD, but to effectively utilize this treatment,
patients must be closely monitored and successfully
complete many treatment tasks (Yawn et al., 2014).
Adolescents and their caregivers have awareness that
responsibility for SCD must shift from caregivers to
adolescents (Porter, Graff, Lopez, & Hankins, 2014),
but overall, our data suggest, few adolescents or their
caregivers plan how to manage the adolescents’ treat-
ment or perceive they are personally overall responsible
for treatment. Additional studies are needed to deter-
mine if our findings are related to adolescents and care-
givers not knowing what tasks need to be completed,
not being capable (e.g., cognitive difficulties) of com-
pleting the required tasks, not recognizing the potential
benefits of treatment planning, not communicating
well, or if there are other factors that influence these
perceptions that could inform interventions to improve
treatment planning and adherence.

Adolescents with SCD and their caregivers reported
more shared responsibility for taking oral medications

and other tasks. This could suggest that these tasks may
be an opportunity for adolescents to begin to become in-
creasingly involved with their treatment, especially since
most of these tasks do not require financial resources to
complete (e.g., taking the medication out of the bottle;
knowing when it is time to take the medication). In con-
trast, adolescents’ and caregivers’ perceptions about
their own responsibility for clinic appointment tasks, or
lack thereof, was striking. Adolescents may not have
perceived responsibility for appointment tasks because
transportation resources are required to attend an ap-
pointment and because younger patients (those less than
18 years of age) usually must attend appointments with
consenting adults. Since caregivers’ contact information

Table II. Participants’ Responsibility Scores

Adolescent report Caregiver report

Responsibility score Median score Range Median score Range

Taking oral medications 0 �12 to 12 �3 �18 to 16
Clinic appointments �10 �12 to 2 �7 �12 to 12
Laboratory tests �3 �9 to 4 �3 �9 to 9
Other tasks 0 �6 to 5 0 �6 to 6
Overall �11 �37 to 10 �8 �45 to 41

Table III. Adolescents’ Hydroxyurea and Clinic
Appointment Adherence

Hydroxyurea adherence measures Participants
n ¼ 26 (n, %)

% of days the participant had access
to hydroxyurea by electronic
prescription data
<20% 5 (19.2)
20–39% 0 (0)
40–59% 5 (19.2)
60–79% 4 (15.4)
80–100%a 12 (46.2)

Participants’ MCV
<80 fl 1 (3.8)
80–101 fl 19 (73.1)
�102 fla 6 (23.1)

Participants’ HbF
<10% 1 (3.8)
10–15% 3 (11.5)
�16%a 22 (84.6)

Multi-method hydroxyurea adherence
None of the measures met the threshold 3 (11.5)
1 of the measures met the threshold 9 (34.6)
�2 of the measures met the thresholda 11 (42.3)
All 3 of the measures met the thresholda 3 (11.5)

Appointment adherence Participants
n ¼ 29 (n, %)

Number of appointments attended
in the year prior to study entry
1 1 (3.4)
2 or 3 14 (48.3)
�4 (or at least as many as required
by his/her provider)a

14 (48.3)

aThreshold used to define adherence.
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is typically used to schedule appointments for younger
patients and caregivers typically manage transportation
logistics and the family’s schedule, caregivers’ perception
that they were not responsible for appointment tasks
was unexpected. Our exploratory analyses did not show
that adolescent age, discrepancy between adolescents’
and caregiver’ reports of adolescent responsibility, or
higher caregiver involvement were correlated with ap-
pointment adherence but, we may have been underpow-
ered to detect these associations. Considering
appointment non-adherence is common and associated
with worse health outcomes (Creary et al., 2017; Modi,
Crosby, Hines, Drotar, & Mitchell, 2008), interven-
tions, potentially facilitated by clinicians, that encourage
caregivers and/or adolescents to take responsibility for
appointment tasks are especially needed. These appoint-
ments could also provide opportunities to identify other
adherence barriers and to facilitate adolescent and care-
giver SCD-management planning.

We anticipated that caregivers would report more
overall personal responsibility for treatment than their
children because this was what was observed in prior
ATR studies that included adolescents with renal
transplants and epilepsy (Holbein, Smith, Peugh, &
Modi, 2019; Pai et al., 2010). Unlike these other
chronically ill adolescents, however, our adolescents
were minorities and this may suggest that cultural dif-
ferences or parenting styles differences that may vary
by culture (Dearing, 2004) have the potential to influ-
ence how caregivers’ allocate treatment responsibility.
Given low caregiver internal reliability, however, ad-
ditional studies are needed to confirm this finding and
should also consider including caregivers of younger
children to determine when caregivers of children with
SCD may begin to report having less responsibility.

Our results showed that caregivers at NCH
reported having significantly less responsibility for
treatment compared to caregivers at CCHMC. This
may be related to differences between these two clin-
ics’ structures. For example, NCH schedules patients
with SCD who are �14 years old into an adolescent-
focused SCD clinic instead of a standard SCD clinic
appointment. This adolescent-focused structure was
designed to facilitate separating adolescents from their
caregivers for part of the appointment to provide ado-
lescents with privacy and to give adolescents an op-
portunity to report their own health information and
concerns. This clinic structure is supported by the
American Academy of Pediatrics to promote confiden-
tiality (American Academy of Pediatrics, 2018), but
further study is needed to determine how to imple-
ment it among adolescents with chronic illnesses who
may still require significant caregiver involvement and
oversight. Selection bias may have also contributed to
the difference in caregivers’ reported responsibility for
treatment between the two study sites, since the

caregivers at NCH only agreed to complete surveys,
whereas the caregivers at CCHMC agreed to complete
surveys and to participate in an ongoing self-
management intervention with their adolescents.

Consistent with previous hydroxyurea adherence
studies (Badawy et al., 2017; Candrilli et al., 2011;
Thornburg, Calatroni, et al., 2010), our results suggest
that approximately half of adolescents with SCD are
nonadherent to hydroxyurea. Because all of the tasks
on the ATR measure must be completed to be able to
be adherent to hydroxyurea, failure to plan for how
these tasks were going to be completed may have con-
tributed to hydroxyurea nonadherence. In contrast to
prior studies, we did not observe that hydroxyurea ad-
herence was associated with younger adolescent age,
lower discrepancy between adolescents’ and caregivers’
reports of adolescent responsibility (Pai et al., 2010), or
higher caregiver involvement (Holbein, Smith, Peugh,
& Modi, 2019; Landers, Friedrich, Jawad, & Miller,
2016). Since our medication adherence measure was
not validated, our sample size was small, and only a
few adolescents reported low caregiver involvement,
larger studies are needed to confirm these findings or if
high discrepancy for specific tasks (i.e., clinic appoint-
ment tasks) and caregiver discrepancy scores may also
be associated with adherence.

This is the first study to describe the distribution of
treatment responsibility among adolescents with SCD
and their caregivers, however, there are several limita-
tions. First, while our adolescent sample appeared to
be representative of patients followed at two large pe-
diatric SCD programs, because of our cross-sectional
study design, low recruitment rate, and small sample
size these results may not be generalizable and should
be confirmed in larger studies. These future studies
should also consider assessing if cerebral infarcts and
executive functioning deficits that occur commonly in
patients with SCD (Hensler et al., 2014) impact how
responsibility is allocated. Second, the hydroxyurea
adherence measure that was used has limitations and
may not be valid, for example, if patients did not fill
and/or take all of the doses that were electronically
prescribed. Third, the low internal consistency of our
caregivers’ responses suggests that future studies may
also need to evaluate the ATR’s psychometric proper-
ties in SCD and if modifications could improve its reli-
ability in this population. Fourth, this study measured
perceived responsibility for treatment tasks but actual
task completion was not measured. Finally, while it is
our experience that few caregivers attend appoint-
ments with their adolescents who are 18 years of age
or older, patients who did not attend an appointment
with their caregiver were not eligible. Therefore, it
remains uncertain if treatment responsibility is
completely transitioned to adolescents once they at-
tend clinic appointments independently or if their
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caregivers continue to have some responsibilities. To
overcome some of these limitations, alterative recruit-
ment strategies, such as approaching participants out-
side of their appointments should be considered and
may provide opportunities to enroll more adolescents
who are nonadherent to their appointments and older
adolescents who may not attend appointments with
their caregiver. Also, since time and perceived burden
are barriers for children with SCD to participate in re-
search studies (Lebensburger et al., 2013), recruiting
participants outside of appointments when adoles-
cents and their caregivers may have more time and be
less preoccupied by the other aspects of their SCD care
could increase participant recruitment.

Overall, this study suggests adolescents with SCD
perceive their caregivers and caregivers perceive their
adolescents are overall responsible for treatment, but
adolescents share some responsibility with their care-
givers for oral medication-taking tasks. Additional
studies to identify the factors that influence adoles-
cents’ and caregivers’ perceptions of responsibility for
treatment and result in effective adolescent-caregiver
treatment planning are warranted. In the future, how-
ever, the ATR could also be a useful tool to identify
specific treatment tasks that are challenging for ado-
lescents and caregivers to complete and the appropri-
ate target(s) (adolescents, caregivers, or both) for
hydroxyurea adherence interventions.
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com/jpepsy

Funding

This work was supported by the National Institute of
Health, National Heart, Lung and Blood Institute grant
number 5K23 HL127303-03 (SC), National Institute of
Child Health and Human Development grant number
1R21HD084810-01A1 (LC), and The University of
Cincinnati Clinical and Translational grant number
5UL1TR001425 (LC).

Conflicts of interest: None declared.

References

American Academy of Pediatrics. (2018). Adolescent sexual
health. Retrieved from https://www.aap.org/en-us/advo-
cacy-and-policy/aap-health-initiatives/adolescent-sexual-
health/Pages/Confidential-Services-and-Private-Time.aspx

Badawy, S. M., Thompson, A. A., Lai, J. S., Penedo, F. J.,
Rychlik, K., & Liem, R. I. (2017). Adherence to hydroxy-
urea, health-related quality of life domains, and patients’
perceptions of sickle cell disease and hydroxyurea: A cross-
sectional study in adolescents and young adults. Health
Quality of Life Outcomes, 15, 136.

Ballas, S. K., Barton, F. B., Waclawiw, M. A., Swerdlow, P.,
Eckman, J. R., Pegelow, C. H., . . . Bonds, D. R. (2006).
Hydroxyurea and sickle cell anemia: Effect on quality of
life. Health Quality of Life Outcomes, 4, 59.

Candrilli, S. D., O’Brien, S. H., Ware, R. E., Nahata, M. C.,
Seiber, E. E., & Balkrishnan, R. (2011). Hydroxyurea ad-
herence and associated outcomes among Medicaid enroll-
ees with sickle cell disease. American Journal of
Hematology, 86, 273–277.

Center for Disease Control. (2017). Data & statistics on
sickle cell disease. Retrieved from https://www.cdc.gov/
ncbddd/sicklecell/data.html

Creary, S. E., Chisolm, D. J., Koch, T. L., Zigmont, V. A.,
Lu, B., & O’Brien, S. H. (2016). Hydroxyurea use in chil-
dren with sickle cell disease: Do severely affected patients
use it and does it impact hospitalization outcomes?
Pediatric Blood and Cancer, 63, 844–847.

Creary, S. E., O’Brien, S. H., Stanek, J., Hankins, J. S.,
Garee, A., Ball, K. R., . . . Chisolm, D. J. (2017). A retro-
spective review to determine if children with sickle cell dis-
ease receive hydroxyurea monitoring. Pediatric Quality
and Safety, 2, e024.

Dearing, E. (2004). The developmental implications of re-
strictive and supportive parenting across neighborhoods
and ethnicities: Exceptions are the rule. Journal of Applied
Developmental Psychology, 25, 555–575.

Hensler, M., Wolfe, K., Lebensburger, J., Nieman, J., Barnes,
M., Nolan, W., . . . Madan-Swain, A. (2014). Social skills
and executive function among youth with sickle cell dis-
ease: A preliminary investigation. Journal of Pediatric
Psychology, 39, 493–500.

Holbein, C. E., Smith, A. W., Peugh, J., & Modi, A. C.
(2019). Allocation of treatment responsibility in adoles-
cents with epilepsy: Associations with cognitive skills and
medication adherence. Journal Pediatric Psychology, 44,
72–83.

Landers, S. E., Friedrich, E. A., Jawad, A. F., & Miller,
V. A. (2016). Examining the interaction of parental in-
volvement and parenting style in predicting adherence
in youth with type 1 diabetes. Families System
Healthcare, 34, 41–50.

Lebensburger, J. D., Sidonio, R. F., Debaun, M. R., Safford,
M. M., Howard, T. H., & Scarinci, I. C. (2013). Exploring
barriers and facilitators to clinical trial enrollment in the
context of sickle cell anemia and hydroxyurea. Pediatric
Blood & Cancer, 60, 1333–1337.

Lobo, C. L., Pinto, J. F., Nascimento, E. M., Moura, P. G.,
Cardoso, G. P., & Hankins, J. S. (2013). The effect of
hydroxcarbamide therapy on survival of children with sickle
cell disease. British Journal of Haematology, 161, 852–860.

Luchtman-Jones, L., Pressel, S., Hilliard, L., Brown, R. C., Smith,
M. G., Thompson, A. A., . . . Ware, R. E. (2016). Effects of hy-
droxyurea treatment for patients with hemoglobin SC disease.
American Journal of Hematology, 91, 238–242.

Modi, A. C., Crosby, L. E., Hines, J., Drotar, D., & Mitchell,
M. J. (2008). Feasibility of web-based technology to assess
adherence to clinic appointments in youth with sickle cell
disease. Journal of Pediatric Hematology Oncology, 34,
e93–e96.

Ohene-Frempong, K., Weiner, S. J., Sleeper, L. A., Miller, S.
T., Embury, S., Moohr, J. W., . . . Gill, F. M. (1998).

Treatment Responsibility in Sickle Cell Teens 1203

https://academic.oup.com/jpepsy/article-lookup/doi/10.1093/jpepsy/jsz061#supplementary-data
https://academic.oup.com/jpepsy
https://academic.oup.com/jpepsy
https://www.aap.org/en-us/advocacy-and-policy/aap-health-initiatives/adolescent-sexual-health/Pages/Confidential-Services-and-Private-Time.aspx
https://www.aap.org/en-us/advocacy-and-policy/aap-health-initiatives/adolescent-sexual-health/Pages/Confidential-Services-and-Private-Time.aspx
https://www.aap.org/en-us/advocacy-and-policy/aap-health-initiatives/adolescent-sexual-health/Pages/Confidential-Services-and-Private-Time.aspx
https://www.cdc.gov/ncbddd/sicklecell/data.html
https://www.cdc.gov/ncbddd/sicklecell/data.html


Cerebrovascular accidents in sickle cell disease: Rates and
risk factors. Blood, 91, 288–294.

Oliver-Carpenter, G., Barach, I., Crosby, L. E., Valenzuela,
J., & Mitchell, M. J. (2011). Disease management, coping,
and functional disability in pediatric sickle cell disease.
Journal of National Medical Association, 103, 131–137.

Pai, A. L., Gray, E., Kurivial, K., Ross, J., Schoborg, D., &
Goebel, J. (2010). The allocation of treatment responsibil-
ity scale: A novel tool for assessing patient and caregiver
management of pediatric medical treatment regimens.
Pediatric Transplant, 14, 993–999.

Platt, O. S., Brambilla, D. J., Rosse, W. F., Milner, P. F.,
Castro, O., Steinberg, M. H., & Klug, P. P. (1994).
Mortality in sickle cell disease. Life expectancy and risk
factors for early death. New England Journal of Medicine,
330, 1639–1644.

Platt, O. S., Thorington, B. D., Brambilla, D. J., Milner, P.
F., Rosse, W. F., Vichinsky, E., & Kinney, T. R. (1991).
Pain in sickle cell disease. Rates and risk factors. New
England Journal of Medicine, 325, 11–16.

Porter, J. S., Graff, J. C., Lopez, A. D., & Hankins, J. S.
(2014). Transition from pediatric to adult care in sickle
cell disease: Perspectives on the family role. Journal of
Pediatric Nursing, 29, 158–167.

Quinn, C. T., Rogers, Z. R., McCavit, T. L., & Buchanan, G.
R. (2010). Improved survival of children and adolescents
with sickle cell disease. Blood, 115, 3447–3452.

Quittner, A. L., Modi, A. C., Lemanek, K. L., Ievers-Landis,
C. E., & Rapoff, M. A. (2008). Evidence-based assessment
of adherence to medical treatments in pediatric psychol-
ogy. Journal of Pediatric Psychology, 33, 916–936.

Ryan, J. L., Arnett, A. D., Pai, A. L., & Modi, A. C. (2014).
An examination of the allocation of treatment responsibil-
ity scale in adolescents with epilepsy. Epilepsy and
Behavior, 41, 1–5.

Speller-Brown, B., Patterson Kelly, K., VanGraafeiland, B.,
Feetham, S., Sill, A., Darbari, D., & Meier, E. R. (2015).
Measuring transition readiness: A correlational study of
perceptions of parent and adolescents and young adults

with sickle cell disease. Journal of Pediatric Nursing, 30,
788–796.

Thornburg, C. D., Calatroni, A., Telen, M., & Kemper, A.
R. (2010). Adherence to hydroxyurea therapy in children
with sickle cell anemia. Journal of Pediatrics, 156,
415–419.

Thornburg, C. D., Rogers, Z. R., Jeng, M. R., Rana, S. R.,
Iyer, R. V., Faughnan, L., . . . Rees, R. C.; BABY HUG
Investigators. (2010). Adherence to study medication and
visits: Data from the BABY HUG trial. Pediatric Blood &
Cancer, 54, 260–264.

Voskaridou, E., Christoulas, D., Bilalis, A., Plata, E.,
Varvagiannis, K., Stamatopoulos, G., . . . Terpos, E.
(2010). The effect of prolonged administration of hy-
droxyurea on morbidity and mortality in adult patients
with sickle cell syndromes: Results of a 17-year, single-
center trial. Blood, 115, 2354–2363.

Wang, W. C., Oyeku, S. O., Luo, Z., Boulet, S. L., Miller, S.
T., Casella, J. F., . . . Grosse, S.D.; BABY HUG
Investigators. (2013). Hydroxyurea is associated with
lower costs of care of young children with sickle cell ane-
mia. Pediatrics, 132, 677–683.

Wang, W. C., Ware, R. E., Miller, S. T., Iyer, R. V., Casella,
J. F., Minniti, C. P., . . . Thompson, B.W.; & BABY HUG
investigators. (2011). Hydroxycarbamide in very young
children with sickle-cell anaemia: A multicentre, rando-
mised, controlled trial (BABY HUG). Lancet, 377,
1663–1672.

Yawn, B. P., Buchanan, G. R., Afenyi-Annan, A. N., Ballas,
S. K., Hassell, K. L., James, A. H., . . . John-Sowah, J.
(2014). Management of sickle cell disease: Summary of the
2014 evidence-based report by expert panel members.
Journal of American Medical Association, 312,
1033–1048.

Zimmerman, S. A., Schultz, W. H., Davis, J. S., Pickens, C.
V., Mortier, N. A., Howard, T. A., & Ware, R. E. (2004).
Sustained long-term hematologic efficacy of hydroxyurea
at maximum tolerated dose in children with sickle cell dis-
ease. Blood, 103, 2039–2045.

1204 Creary et al.


	jsz061-TF1
	jsz061-TF2
	jsz061-TF3

