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Abstract

Sickle cell disease (SCD) is a congenital hemoglobinopathy characterized by frequent acute care/
emergency room visits and hospital admissions. Evidence from population-based studies
demonstrating the role of hydroxycarbamide (HC) in reducing hospital readmission rates is
limited. Our objective was to describe the use of HC and its association with acute care utilization
and readmission rates using a large, nationally-representative U.S. health insurance claims
database over a 6-year period between 2009 and 2014. We identified 20721 SCD-related inpatient
and acute care encounters. HC exposure was present among 4263 (21%) of SCD-related admission
events within 6 months prior to the admission. HC use was more common among children ages
10-17 years and young adults ages 18-29 years. HC was associated with lower 30-day all-cause
readmission rates in adults treated with average daily doses =1g (odds ratio [OR], 0.72, 95% CI
0.52-0.99) and doses of 0.5-1g (OR, 0.73, 95% CI 0.57-0.93), compared to HC treatment with
average daily doses of <0.5g; adherence to HC with proportion of days covered of =0.80 was also
associated with significantly lower 30-day all-cause readmission risks (OR, 0.59, 95% CI 0.41-
0.84). Optimal therapeutic dosing and adherence to HC treatment significantly reduces 30-day
readmissions among patients with SCD.
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Introduction

Sickle cell disease (SCD) is an inherited autosomal recessive disorder of hemoglobin that
primarily affects African Americans in the United States (U.S.) (Piel, et a/2017). SCD is
characterized by hemolytic anemia, recurring acute painful crises and acute chest syndrome
(ACS) that require immediate treatment in the emergency room (ER) and/or inpatient
settings. Patients with SCD have high admission rates and ER visits caused by complications
related to the disease. Thirty-day and 14-day readmission rates are as high as 33% and 22%,
respectively, among SCD patients with the highest rates among 18- to 30-year-olds
(Brousseau, et al 2010). These frequent acute care encounters incur enormous financial
burdens on health systems. It is estimated that annual costs for management of SCD in the
U.S. exceed $1.1 billion with the majority of the costs (81%) attributable to inpatient
admissions (Kauf, et a/ 2009). Therefore, reducing hospital readmission rates is essential to
ensuring quality care and mitigating the rising health care costs for individuals with SCD.

Addressing high rates of hospital readmission is a priority for continuous SCD care
improvement. The 30-day readmission rate is increasingly recognized as a quality metric for
SCD care. The National Association of Children’s Hospital and Related Institutions
(NACHRI) established the 30-day readmission rate as a benchmark for quality SCD care
(Institute of Medicine (U.S.). Committee on Quality of Health Care in America. 2001). In
addition, this quality measure has been adopted by the Centers for Medicare and Medicaid
Services (CMS) for adjusting reimbursement for inpatient services (Brock and Jencks 2008).

Hydroxycarbamide (HC) is one of two medications approved by the U.S. Food and Drug
Administration (FDA) for SCD; the second medication introduced in 2017, Endari® (L-
glutamine oral powder), was the first approval for this rare blood disorder in nearly 20 years.
HC has the potential of reducing complications of vaso-occlusive crises by reactivating fetal
y-globin, improving nitric oxide (NO) metabolism, and reducing adhesion of sickled red
blood cells to the vascular endothelial walls (Ware 2010). The laboratory and clinical
efficacy of HC has been demonstrated from numerous randomized clinical trials and smaller
observational studies in both pediatric and adult populations (Charache, et a/ 1992,
Charache, et a/ 1995, De Montalembert, et a/ 1997, Ferster, et a/ 1996, Jayabose, et a/ 1996,
Kinney, et al 1999, Scott, et a/1996). Follow-up from the subjects enrolled in these trials
showed salutary long-term benefits in morbidity, mortality, laboratory tests and preservation
of organ function (McGann and Ware 2011, McGann and Ware 2015). Several studies
conducted in Italy, Belgium and India have shown significant clinical benefits attributable to
HC (Colombatti, e a/2018, Jain, et al 2012, Le, et al 2015, Nottage, et a/ 2013). However,
these studies were limited with respect to a relatively small simple size, single institution
design and shorter follow-up periods in randomized clinical trials (RCTs). Moreover,
evidence is lacking demonstrating clinical effectiveness of HC in real-world settings from
the U.S. (Lanzkron, et a/ 2006), despite being cost-effective in the Multicenter Study of

Br J Haematol. Author manuscript; available in PMC 2019 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhou et al.

Methods

Data Source

Page 3

Hydroxyurea (MSH) (Moore, et a/ 2000). There is growing evidence for the efficacy and
safety of HC; yet, this treatment remains under-utilized (Mulaku, ef a/2013, Ware, et a/
2016). One study of 312 U.S. Medicaid enrollees with SCD demonstrated that adherence
(medication possession ratio 20.80) was associated with reduced risks of SCD-related
hospitalization (HR=0.65), all-cause and SCD-related ER visits (HR=0.72 and 0.58), vaso-
occlusive events (HR=0.66), and reduced costs (Candrilli, et a/ 2011). However, this study
did not examine outcomes of 30-day hospital readmission following SCD-related
hospitalizations or associations with cumulative HC doses on hospitalization.

The objectives of this study were to use a large, nationally-representative U.S. administrative
claims database to document patterns of HC use in a population of commercially-insured
SCD patients and investigate associations of cumulative therapeutic doses and adherence
levels of HC in relation to 30-day readmission and acute-care utilization rates.

We conducted a retrospective cohort study utilizing data using the Truven Health
MarketScan® Commercial Claims and Encounters and Medicare Supplemental and
Coordinated Benefits databases (https://truvenhealth.com/Markets/Life-Sciences/Products/
Data-Tools/MarketScan-Databases) from 1 January 2009 and 31 December 2014. The
MarketScan® Commercial Databases and Medicare Supplemental Databases include health
insurance claims data in addition to enrolment data from large groups of participating U.S.
employers and health plans across all 50 states and Washington D.C. (Hansen 2017). The
databases were linked to prescription drug claims and encounter data to provide individual-
level inpatient, outpatient, and pharmacy services for employees, their spouses and
dependents. All data were de-identified and Health Insurance Portability and Accountability
Act (HIPAA) of 1996 compliant. This study was approved by the Institution Review Board
of the University of Illinois at Chicago.

Patient Selection

All subjects with one or more medical claims from an inpatient discharge summary or >2
separate medical claims from outpatient services that were at least 30 days apart indicative
of SCD using International Classification of Diseases, Ninth Revision, Clinical
Modification; (ICD-9-CM) code (See Supplemental Table 1) were initially selected for study
inclusion. To ensure the homogeneity of cohort, patients with any claims for sickle cell trait
during the follow-up period were excluded, as well as any type of cancer, or received a
hematopoietic stem cell or solid organ transplantation. We applied an additional SCD-
identifying algorithm (RuSH) to further specify SCD cases (Paulukonis, et a/2014). All
SCD-related admission events were defined as the occurrence of a diagnosis for any SCD-
related condition in discharge summaries evidenced by ICD-9CM codes (See Supplemental
Table 2). Only admission events of patients who were continuously enrolled in the health
plan for at least 6 months (180 days) before the admission date and at least 1 month (30
days) following discharge were selected. The discharge date was designated as the index
date. Pharmacy dispensing claims for HC as well as other medications including
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nonsteroidal anti-inflammatory drugs (NSAIDs) and opiate analgesics were identified using
relevant national drug codes on the outpatient prescription claims records. Under the
participating health plans, a fixed copayment of 5 to 8 U.S. dollars is associated with each
outpatient HC prescription. Selection of patients for this analysis is summarized in Figure 1.

Using outpatient prescription drug records, we collected data on HC dispensed during the 6
months period preceding the admission events. We included only oral HC in the outpatient
settings. To limit the effects of confounding by indication, we excluded all newly initiated
HC occurring within the 14 days prior to the admission dates of the SCD-related admissions.

Proportion of days covered (PDC), one of the most commonly used and reproducible
methods for determining medication adherence with administrative claims (Andrade, et a/
2006), was calculated for each SCD-related admission event to determine HC adherence in
the 6-month baseline period (Karve, et a/ 2008). For every admission event, the subject’s
exposure status to HC was examined daily in a time-dependent manner. Prescription refill
dates and corresponding days’ supply from pharmacy dispensing records were used to
calculate PDC estimates. For example, if a patient with SCD refilled 2 HC prescriptions of
30 days’ supply and 1 prescription of 90 days’ supply over a 180 days’ period, his adherence
to diabetes medication measured by PDC would be 0.83 ((30+30+90)/180). If the patient
had early refills during the baseline period or left-over from time before the baseline period,
the number of days covered by HC were adjusted to account for overlap. SCD patients who
had PDC level above or equal to 0.80 were considered to be highly adherent HC users,
whereas SCD patients with between 0.50 and 0.80 PDC were considered to be intermediate
adherent users.

We defined HC exposure patterns as: 1) ever HC exposed compared to never HC exposed
(main analyses limited to the whole cohort); 2) higher-dose HC exposure (=1g average daily
dose) and intermediate-dose HC exposure (<1g and =0.5g daily dose) compared to lower-
dose HC exposure (>0mg and <0.5g daily dose, reference group); 3) recent HC exposure
(presence of HC dispensing records during the 3 months period prior to admission date)
compared to not recently HC exposed; and 4) highly adherent HC users (PDC=0.80) and
intermediate adherent HC users (0.80>PDC=0.50) compared to non-adherent HC users
(PDC<0.50, reference group).

Outcome Measures

The primary outcomes were SCD-related readmissions, all-cause readmissions, and presence
of all-cause acute care encounters, defined as hospital admissions and/or emergency room
visits. We evaluated the occurrence of these outcomes at both 7 and 30 days following
discharge date. SCD-related readmissions were identified using the same criteria as primary
SCD-related admission events. Secondary outcomes included length of stay for the index
admission event in addition to death at discharge.
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We measured multiple a priori covariates considered to be possible confounders for the
relation between HC and readmission and acute care/emergency department visits. Patient
demographics, such as age and sex, were measured at admission date. Presence of
concomitant ACS, pneumonia, asthma were measured using ICD-9CM discharge diagnoses
associated with the index admission (See Supplemental Table 3). The presence of hospital
admission and/or ER visits over the baseline period was determined by claims of inpatient
and outpatient services. Erythrocyte transfusion events were identified using relevant ICD-9-
CM diagnosis codes in addition to common procedure coding system codes documented
among the administrative health insurance claims. Information on opioid medication doses
were determined using pharmacy dispensing records and were converted to cumulative oral
morphine equivalent (OME) using methods described previously (Han, ef a/2016, Han, et a/
2017).

Statistical Analysis

Results

Differences in demographic and acute care utilization characteristics between HC exposure
types were assessed using descriptive statistics. To compare groups, we used Student’s #test
and Kruskal-Wallis test for continuous variables and chi-square test for categorical variables.

Multivariable regression models were used to assess the association between HC exposure
with acute care utilization (readmission events and ER visits) in 7-day and 30-day
timeframes. Generalized estimating equation models assuming a first-order autoregressive
covariance structure were used to account for correlation of multiple SCD-related admission
events contributed per individual patient. Multivariable models were adjusted for patient
demographic and clinical attributes (age, gender, presence of admission and ER visit in the
6-month period preceding admission, past NSAIDs and opiate analgesics exposure,
measured by cumulative oral morphine equivalent), hospitalization characteristics (year and
season of admission, weekend discharge, acute chest syndrome and pneumonia diagnosis
code, co-occurring asthma diagnosis code, erythrocyte transfusion, and length of stay).
Models were fit using terms on ever-exposure versus never-exposure using the whole
analytical cohort. The impacts of other types of HC use patterns based on cumulative HC
exposure, status of recent exposure and HC adherence on readmission and acute care
services utilization rates were limited to the adult patients in the cohort. Odds ratios (OR)
and 95% confidence intervals (CI) were estimated to determine the association between type
of HC exposure and acute care utilization following discharge of the corresponding SCD-
related hospitalization events. All analyses were performed using SAS, version 9.4 (SAS
Institute SAS institute, Inc., Cary, North Carolina); two-tailed Pvalues <0.05 were
considered statistically significant.

Overall, 20721 hospitalizations involving 6926 patients with SCD met the inclusion criteria
(see Table 1), with 3388 (48.9%) contributing 1 SCD-related hospitalization, 1329 (19.2%)
contributing 2 hospitalizations, and 2209 (31.9%) contributing 3 or more hospitalizations.
Hospitalizations occurred in all age groups (median [interquartile range], 24 [16-39] years),
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with approximately one third occurring among younger adults ages 18-29 years.
Hospitalization was slightly more common among female SCD patients (57.0%). ACS and
pneumonia were associated with 2504 (21.8%) of the admission events with more admission
events identified with a discharge diagnosis code for pneumonia 3574 (17.3%) as compared
to ACS 1774 (8.6%). A total of 4553 (22.0%) hospitalizations had 1 or more erythrocyte
transfusion.

As shown in Figure 2, the proportion rates of hospitalizations with HC exposure were
highest in the 10-17 years old, followed by the 18-29 years old. Figure 3 shows adherence
rates to HC therapy by age groups. Among SCD-related admissions associated with HC
exposure, estimated PDC was higher in the youngest pediatric patients (0-9 years) at 0.78
(0.87) [mean (median)], while lowest adherence was observed in younger adult patients (18—
29 years) at 0.36 (0.33) [mean (median)].

Patterns of HC use

Association

Patients in 4263 (20.6%) hospitalizations had HC exposure 6 months prior to admission
(Table 2). Among these primary admission events, 793 (18.6%) had higher dose HC
exposure defined by an average daily dose of =1¢g, 1354 (31.8%) had intermediate dose HC
exposure defined by an average daily dose of 0.5-1g; and 2116 (49.6%) had lower dose HC
exposure (an average daily dose of <0.5¢).

HC-exposed admissions were more common among younger male patients and in more
recent years in the study cohort. HC-exposed admission events were less likely to have acute
chest syndrome (ACS) diagnosis at discharge. During the 6 months preceding admission, a
greater proportion of HC exposed admissions had =1 emergency visits and =1 all-cause
admissions. Further, HC exposed groups had a significantly higher proportion of erythrocyte
transfusion during admission as well as history of both opiate analgesics and NSAIDs.

HC adherence measured by PDC among admission events in adult patients (age =18 years)
in relation to outcomes are reported in Table 2. A total of 299 (9.8%) of the SCD-related
admissions had high HC adherence (PDC=0.80), 762 (24.9%) had intermediate adherence to
HC (0.50<PDC<0.80) and 1999 (65.3%) had low adherence (PDC <0.50). A total of 2225
hospitalizations (72.7%) had recent HC exposure, defined as presence of HC dispensing
recording during the three months preceding admission, while 835 (27.3%) had discontinued
HC for more than 3 months at the time of SCD-related index hospitalizations.

of HC exposure with readmission

As shown in Table 2, the unadjusted results demonstrated that HC unexposed admission
events were associated with lower 30-day SCD-related (18.5% vs 24.3%, p<0.0001), all-
cause readmissions (20.8% vs 25.9%, p <0.001) and all-cause acute-care utilizations (31.5%
vs 37.1%, p <0.001) at 30 days after hospitalization. No statistically significant differences
were observed between exposed and unexposed groups at 7-day post-discharge. The mean
length of stay was the same between the two groups (6.05 vs 6.19 days, p=0.1228) and rates
of inpatient mortality were similar at 0.2%.
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In subgroup analyses assessing cumulative HC dose with our endpoints, increasing doses
were correlated with significantly lower readmission and acute care encounter rates at both 7
(p<0.05) and 30 days (p<0.0001) after hospitalization. No differences in length of stay or
death status at discharge were observed.

We also observed significantly reduced readmission and acute care utilization among HC
users by medication adherence status. Patients who were more adherent to HC had
significantly lower 7-day (p<0.0001) and 30-day (p<0.0001) readmission risks. High
adherence to HC therapy (PDC=0.80) was associated with a 13.3% reduction (crude risk
difference) in 30-day all-cause readmission, a 13.1% SCD-related 30-day readmission and
an 18.3% 30-day acute care encounter (Table 2).

In multivariable-adjusted models, high (PDC = 0.80) and intermediate HC (0.50 < PDC
<0.80) adherence were associated with lower 30-day all-cause readmission (OR, 0.62; 95%
Cl1 0.47-0.82, p=0.0007; and OR, 0.62; 95% CI 0.50-0.75, p<0.0001, respectively)
compared to the HC users with low PDC (Table 3). In contrast, we did not observe any
associations between HC exposure and readmission risks both in the whole analytical cohort
and the adult subgroup when comparing HC users to never users. (See Supplemental Table 4
and 5).

HC was not approved by the U.S. FDA for pediatric patients ages 2 years and older with
SCD with recurrent moderate to severe painful crises until December 21, 2017 (U.S. Food &
Drug Administration 2017). In light of the differences in HC pharmacotherapy guidelines
and SCD-related comorbidities in children and adults with SCD over the study period, we
conducted subgroup analyses restricted to either pediatric (017 years of age at admission)
and adult (18+ years at admission) SCD patients. In subgroup analyses limited to adult
patients, we found that >1 g and 0.5-1g daily HC dose were associated with significant
reduction in 30-day all-cause readmission risks as compared to 0-500mg daily HC dose
(OR, 0.72; 95% CI 0.52-0.99, p=0.0451; and OR, 0.73 95% CI 0.57-0.93, p=0.0122,
respectively) (Table 3).

In subgroup analyses limited to pediatric SCD patients, multivariable GEE regression
models (data not shown) did not demonstrate any statistically significant relationship
between adherence and the risk of inpatient readmission, or acute care encounter, or SCD-
related readmission events in the 7- and 30-day period after discharge.

Discussion

To our knowledge, this is the first large, population-based study assessing HC utilization
patterns in relation to hospital readmissions and ER visits in a commercially-insured,
nationally representative sample of SCD patients. We demonstrated substantial benefits in
reducing 30-day SCD-related, all-cause readmission and acute care use attributable to
adherent HC treatment and higher therapeutic dosage (average daily dose = 1g).

Readmission events in pediatric SCD patients are mainly attributed to vaso-occlusive crises
(Bou-Maroun, et a/ 2018, Ellison and Bauchner 2007, Panepinto, et a/2005). Other factors
including older age, inpatient use of steroids, admission for pain without other SCD-related
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complications (Sobota, et a/2012), absence of outpatient follow-up, concomitant asthma,
oxygen within 24 hours of discharge and disease severity have been identified as risk factors
for readmission in pediatric SCD patients (Frei-Jones, et a/2009). Risk factors for
readmission in adult patients with SCD differ in nature and include premature discharge,
withdrawal syndromes, and recurrence of acute painful episodes have been identified as
causes for hospital readmission (Ballas and Lusardi 2005). Another recent study identified
absence of a listed primary care provider and the number of past hospitalizations for vaso-
occlusive pain as significant risk factors for 30-day readmission (Brodsky, et a/ 2017).

HC is a potent medication with proven efficacy and safety in clinical trials and observational
studies. In a study of North Carolina Medicaid enrollees, adherence to HC therapy was
demonstrated to reduce risks for inpatient and emergency room encounters in addition to a
reduction in health care costs (Candrilli, et a/2011). A cost-effectiveness study also showed
statistically significant differences in healthcare expenditures attributable to HC therapy
when compared to placebo (Moore, et a/2000). While the potential benefits of HC treatment
continue to be demonstrated, the adoption of this therapy in real-world practice settings can
be slow and partly hampered by long-term safety concerns from both providers and families.
In a study using a state administrative database, up to 70% of appropriate HC candidates
were not taking the medication (Lanzkron, et a/ 2006). A study has shown that worse Health
Related Quality of Life (HRQoL) and worse fatigue were associated with poor adherence
among adolescents and young adults (Badawy, et a/2017a). Adherence to medication
therapies like HC in SCD patients is a complex, multifactorial behavior with negative
beliefs, recall barriers and access barriers among the factors causing poor adherence to HC
therapy (Badawy, et a/2017b). In one study of 75 pediatric SCD cases, the adherence rate
was 49% using pharmacy refill records while caregiver reported adherence ranged from
82%-85% using visual analog, modified Morisky scores or medical provider estimates
(Thornburg, et a/2010). These inconsistent findings based on measure of medication
adherence are reflective of possible inaccuracies when relying on self-reported adherence
measures alone and in pediatric SCD patients where HC is dosed according to weight.

We observed lower adherence in adults compared to younger patients with SCD,
highlighting the importance of care transition between pediatric and adult care providers.
HC is demonstrated to be safe when children with SCD continue therapy through puberty
and adulthood, with sustained hematological benefits and minimal safety concerns (Hankins,
et al 2014). Our findings support efforts to create a smoother transition to adult SCD care for
adolescents on HC therapy.

The observed lower readmission risks in the HC unexposed patients likely reflect the
unexposed group being composed of subjects with a mild or less severe form of SCD not
indicated for HC therapy, representing potential confounding by disease severity or
indication when making comparisons between SCD patients exposed to HC and those never
receiving HC (Psaty, et a/1999). Our results demonstrated that greater adoption of HC
therapy has the potential to reduce SCD-related and all-cause readmissions and ER visits.
Reducing acute care utilization without compromising SCD treatment outcomes would have
substantial benefits to patients, their families, payers and society as a whole. Therefore,
innovative strategies including adherence monitoring incorporating technological advances,
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education to the providers and caregivers, and psychological and social support programs
should be considered to improve adherence and optimal dosing of HC therapy.

Our study had several strengths worth noting. We utilized administrative pharmacy
dispensing records to collect information on HC utilization patterns and adherence in
combination with records of acute care encounters, methods that are well-established and
reliably describe medication use in patients with pharmacy coverage and enrolled on U.S.
health plans (Andrade, ef a/2006, Boudreau, ef a/ 2004a, Boudreau, et a/ 2004b).
Characterizing hospital encounters as unique index enabled us to quantify the impacts of HC
cumulative dose and adherence on readmission risks at a hospitalization event-level in a
clinically meaningful way. In addition, by limiting the analysis to SCD-related admissions,
we determined our results to be robust to differences in non-SCD-related hospitalization
events. Thus, we attempted to maximize the internal and external validity of our findings.
Several limitations should also be considered when interpreting our results. First, we used
ICD-9-CM codes to identify medical conditions, an inherent limitation to when using
administrative health plan claims databases. We adopted a validated (RuSH) algorithm
(Paulukonis, et a/ 2014) and a series of selection criteria to specify these conditions. Second,
use of pharmacy dispensing records to evaluate medication adherence to HC therapy, while
reproducible and not subject to recall bias, assumes that patients took the medication as
directed. Also, we were unable to assess the reason for nonadherence to HC therapy. Poor
adherence and early discontinuation to HC therapy could have been motivated by lack of
treatment response. To address this, we employed more conservative measure of adherence
(PDC) compared to other studies. Third, our study cohort consisted of commercially insured
patients with SCD in the U.S. with continuous health plan coverage which may differ from
SCD patients that lack insurance or are publicly insured. Still, our study population is
nationally-representative, including approximately 15% of overall SCD patients in the U.S.
Finally, as in any observational study, while we measured many important clinical factors,
potential bias from unmeasured confounding such as weight and body mass index (BMI)
cannot be ruled out. Further studies are needed to confirm our findings and should include
outcomes of mortality, end-organ damage and laboratory test changes to comprehensively
evaluate the impact of poor adherence to HC therapy in SCD.

Conclusion

We demonstrated reduced 30-day SCD-related and all-cause readmission among adherent
HC users. Our findings suggest that efforts to improve adherence and optimal dosing of HC
in patients with SCD would be well motivated.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Patient flow diagram
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Figure 2.

Number of SCD-related admissions associated with hydroxycarbamide therapy as measured
by average daily dose in different age groups
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Figure 3.
Adherence to hydroxycarbamide therapy as measured by proportion of days covered in
different age groups
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Table 1
Hydroxycarbamide use of hospitalized patients with sickle cell disease-related conditions
. hydroxycarbamide
Characteristics (%\ﬁﬂ?#n ';‘/25 Tr){ %Z’ggﬁrg ?n?ﬁ?%% M&%%CL ;nbtef;grgast 6 pvalue
ospitalization hospitalization

Hospitalization, No. (%) 20,721 4263 16458
Age, in years
0-17 5831 (28.1) 1203 (28.2) 4628 (28.1)
18-29 6761 (32.6) 1733 (40.7) 5028 (30.6)
30-39 3125 (15.1) 603 (14.1) 2522 (15.3) <.0001
40-49 2299 (11.1) 442 (10.4) 1857 (11.3)
50+ 2705 (13.1) 282 (6.6) 2423 (14.7)
Sex
Male 8916 (43.0) 1894 (44.4) 7022 (42.7)

0.0383
Female 11805 (57.0) 2369 (55.6) 9436 (57.3)
ACS diagnosis code
ACS 1774 (8.6) 336 (7.9) 1438 (8.7) 0.0752
Pneumonia 3574 (17.3) 582 (13.7) 2992 (18.2) <.0001
ACS or pneumonia 4513 (21.8) 781 (18.3) 3732 (22.7) <.0001
Asthma diagnosis code 2504 (12.1) 486 (11.4) 2018 (12.3) 0.1242
Year of admission
2009 2088 (10.1) 363 (8.5) 1725 (10.5)
2010 3781 (18.3) 691 (16.2) 3090 (18.8)
2011 3979 (19.2) 768 (18.0) 3211 (19.5)

<.0001
2012 4055 (19.6) 938 (22.0) 3117 (18.9)
2013 3407 (16.4) 775 (18.2) 2632 (16.0)
2014 3411 (16.5) 728 (17.1) 2683 (16.3)
Season of admission
Winter (Dec—Feb) 4517 (21.8) 928 (21.8) 3589 (21.8)
Spring (Mar—May) 4661 (22.5) 985 (23.1) 3676 (22.3)
Summer (Jun—Aug) 5373 (25.9) 1055 (24.7) 4318 (26.2) o2Lr
Fall (Sep-Nov) 6170 (29.8) 1295 (30.4) 4875 (29.6)
Discharge day of the week >
Weekend 5002 (24.1) 1087 (25.5) 3915 (23.8)

0.0200
Weekday 15719 (75.9) 3176 (74.5) 12543 (76.2)
Egﬁgg’;gte transfusion during 4553 (22.0) 995 (23.3) 3558 (21.6) 0.0155
Medication exposure
Opioids 9203 (44.4) 3291 (77.2) 5912 (35.9) <.0001
NSAIDs 3756 (18.1) 1422 (33.4) 2334 (14.2) <.0001
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hydroxycarbamide exposed

hydroxycarbamide

Characteristics (%\Sﬁlrﬂ]ln NO/?,j in the EaSt_G months before % ;nbgflgrréast 6 pvalue
ospitalization hospitalization

Health services use in the past 6

months

Hospitalization

Mean, SD 156 (2.28) 2.06 (2.50) 1.42 (2.20) <0001

Median, IQR 1(0-2) 1(0-3) 1(0-2) <0001 ****

ER visits

Mean, SD 3.03 (6.80) 3.32 (6.16) 2.95 (6.96) 0.0008 ***

Median 1(0-3) 2 (0-4) 1(0-3) <0001 ****

ACS, acute chest syndrome; NSAIDs, Nonsteroidal anti-inflammatory drugs; ER, emergency room;

*
High-dose hydroxycarbamide exposure defined by the median of the cumulative hydroxycarbamide dose among patients ever-exposed. Set at 90g
across age groups. Any patient with > or equal to 90g cumulative dose over the 180 days preceding the index admission event is considered as high-

dose hydroxycarbamide users.

*Kk
Weekend discharge status defined as Saturday and Sunday, while the rest of the week were weekdays (Mon-Fri).

Aok

Students #test for comparing means across exposed groups

Hok kA

Wilcoxon Rank sum test for comparing medians across exposed groups
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