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Sickle-Cell Disease Co-Management, Health Care
Utilization, and Hydroxyurea Use
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Paula Tanabe, PhD, MSN, MPH, and Nirmish Shah, MD

Background: Sickle-cell disease (SCD) causes significant morbidity, premature mortality, and high dis-
ease burden, resulting in frequent health care use. Comanagement may improve utilization and patient
adherence with treatments such as Hydroxyurea. The purpose of this study was to describe acute-care
utilization in Medicaid-enrolled patients with SCD, patient factors associated with comanagement, and
adherence to Hydroxyurea.

Methods: Data from 2790 patients diagnosed with SCD, age 1 to 65� years, enrolled at least 1 month
in North Carolina Medicaid between March 2016 and February 2017, were analyzed. Outpatient visits
were categorized as primary care, hematologist, and nonhematologist specialist. Nurse practitioners or
physician assistants with unidentified specialty type or family practice were categorized separately. Co-
management was defined as a minimum of 1 primary care and 1 hematologist visit/patient during the
study period.

Results: There were notable age-related differences in utilization of health care services. Only
34.82% of the sample was comanaged. Comanagement was higher in the 1-to-9-year-old (44.88%) and
10-to-17-year-old groups (39.22%) versus the 31-to-45-year-old (30.26%) and 65�-year-old (18.75%)
age groups. Age had the greatest influence (AUC � 0.599) on whether or not a patient was comanaged.
Only a third of the sample (32.24%) had at least 1 Hydroxyurea (HU) prescription. Age was the most
predictive factor of good HUadherence (AUC � 0.6503). Prediction by comanagement was minimal with
an AUC � 0.5615.

Conclusion : Comanagement was a factor in predicting HUadherence, but further studies are needed
to identify the frequency and components of comanagement needed to increase adherence and reduce
acute care utilization. (J Am Board Fam Med 2020;33:91–105.)

Keywords: Child Health, Emergency Departments, Hematology, Hospitalization, Hydroxyurea, Medicaid, Minority
Health, North Carolina, Primary Health Care, Sickle-Cell Anemia, Vulnerable Populations

Sickle-cell disease (SCD) is a genetic disorder and
the most common rare blood disease in the United
States.1 Patients suffer from complications, includ-

ing but not limited to stroke, acute chest syndrome,
and severe painful crisis that contributes to mor-
bidity and premature mortality. Individuals also
suffer from significant disease burden, often result-
ing in a high number of hospitalizations, readmis-
sions, emergency department (ED) visits, and other
associated costs to the health care system. In 2006
people with SCD had an estimated 232,382 ED
visits, 68,410 hospitalizations from the ED, ac-
counting for an estimated $2.4 billion dollars.2 In
2010, SCD was associated with the highest 30-day
readmission rate (31.9%) among all diagnoses ex-
cluding cancer and cancer-related conditions.3

Other national data representing about 1⁄3 of the
SCD population found a similar 30-day readmis-
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sion rate of 33.4% and 14-day readmission rate of
22.1%.4 Extremely high ED use has also been well
described.5,6 In a prospective cohort study of SCD,
health care utilization was examined in 3 EDs over
2 years and found 342 unique patients had a total of
2934 ED visits.6 Understanding there is significant
health care utilization due to disease severity, there
has been an increasing effort to leverage outpatient
primary care providers (PCPs) using a care model
in which hematology specialists and PCPs partner
to comanage SCD. Primary care and outpatient
management using evidence-based guidelines can
improve disease burden, improve patient outcomes,
and prevent the need for ED visits and inpatient
hospitalizations.7–10

The National Heart Lung and Blood Institute
(NHLBI) published the Evidence-Based Manage-
ment of SCD Report, in 2014. This comprehensive
guide consists of health maintenance and preven-
tion information, including the use of hydroxyurea
(HU). HU is an oral agent found to reduce the
median number of SCD pain episodes per year by
44%, but is historically underutilized.11 Only 32%
of general internists and 35% of pediatricians re-
port feeling comfortable caring for SCD patients.12

In a study of 129 PCPs with greater than 10 years
(median) since graduating from medical school,
80% reported relying on knowledge gained in res-
idency when deciding how to manage SCD patients
and 68% did not regularly communicate with other
providers regarding their SCD patients.12 In a sur-
vey of 53 primary care physicians in North Caro-
lina, 65% indicated they are already comfortable
comanaging HU prescriptions with a SCD special-
ist.9 More specific to family physicians, in a large
survey of over 1000 family physicians, comfort level
for managing patients with SCD was low (20%);
however, 80% and 68% of respondents indicated
they would be willing to comanage pediatric and
adults patients with a SCD specialist.13 Thus, a gap
exists in the implementation of current evidence
based practices in the management of SCD in the
ambulatory setting.

As adults with SCD age, they are at risk for
developing comorbidities unrelated to SCD. Thus,
individuals with SCD are recommended to have
both a PCP and a SCD specialist comanage their
care. Comanagement is defined as collaborative
and coordinated care that is conceptualized,
planned, delivered, and evaluated by 2 or more
health care providers. Nationally, there is often a

lack of providers and comanagement for individuals
with SCD is not common practice.11 It is possible
that comanagement of patients with SCD, in com-
bination with dissemination of evidence based
guidelines, could lead to an increased comfort level
of family physicians, internists, and pediatricians.
Therefore we designed a dissemination and imple-
mentation project to promote comanagement be-
tween SCD specialists and PCPs. Our team part-
nered with Community Care North Carolina
(CCNC), a statewide primary case management
program for North Carolina (NC) Medicaid en-
rollees.14 CCNC spans 14 community-based pri-
mary care networks throughout the state and works
collaboratively with physicians and other health
care professionals to promote quality-improvement
and care-management initiatives.14 For the pur-
poses of this project, we defined comanagement as
a minimum of 1 PCP and 1 hematologist visit/
patient during the study period. We adapted the
NHLBI recommendations into user-friendly tools
(health maintenance charts and treatment algo-
rithms) designed specifically for and with the input
of PCPs and ED providers, which are easy to access
and use. These tools are available on 2 Web sites
(sickleemergency.duke.edu and www.community-
carenc.org) as well as via a mobile application
(www.scdtoolbox.com).

This article reports baseline Medicaid data from
NC before dissemination efforts, including 1) ED
encounters and re-encounters within 7, 14, and 30
days, hospitalization and rehospitalization within 7,
14, and 30 days; 2) PCP, hematologist, nonhema-
tology specialist visits and comanagement (at least 1
PCP and hematologist visit per patient during a 1
year period); and 3) HU prescription fills and ad-
herence. In addition, this article will identify pre-
dictors of HU adherence and comanagement for
patients insured under Medicaid in NC.

Methods
Dataset—Medicaid North Carolina
In fiscal year 2017 almost 2 million people (approx-
imately one fifth of NC’s population) were covered
by Medicaid; making it the third largest Medicaid
population in states that did not expand the pro-
gram.15 In fiscal year 2016 there were 68,583 NC
Medicaid providers.15 In partnership with CCNC,
we obtained a dataset of Medicaid administrative
claims of enrollees with a diagnosis of SCD includ-
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ing HbSS, HbSC, and HbS-thalassemia, excluding
sickle-cell trait (International Classification of Dis-
eases, [ICD] 10 CM codes: D57.0x, D57.1, D57.2x,
D57.8x).

Sample
Data are reported for a cohort of 2045 patients with
a diagnosis of SCD, age 1 to 65� years, enrolled at
least 12 months in NC Medicaid between March 1,
2016 and February 28, 2017. Table 1 further de-
scribes the sample. Institutional Review Board
(IRB) approval and waiver of consent were ob-
tained.

Measures
Emergency Department Encounters and Hospitalization
ED encounters were identified using a CCNC-
developed logic model that used revenue codes
(450 to 452, 456, and 459) and excluding Medicare
Part A crossover-inpatient, inpatient, management
fee, drug and capitation claim type codes. ED re-
encounters and rehospitalizations within 7, 14, and
30 days were identified using the time between the
date of service listed on the ED or hospital claim
and the next date of service in the subsequent claim.
Individual ED Reliance (EDR) score was calculated
as the total number of ED encounters divided by
the total ambulatory visits (outpatient � ED en-
counters) per enrollee.16,17 An EDR of �0.33 is a
high score.17 Inpatient claims were identified using
category of service code (0015, 0017, 0018, 0040,
0041, 0051, and 0058) and with either a Medicare
Part A crossover-inpatient or inpatient claim type.

Outpatient Visits and Comanagement
Outpatient visits were identified by the Current
Procedural Terminology (CPT) code listed on the
claim. Outpatient visit types (PCP, hematologists,
and nonhematology specialists) were identified us-
ing the descriptions from the Medicare Provider/
Supplier to Health Care Provider Taxonomy that
matched the billing provider code and the render-
ing provider code listed on the claim.18 Visits were
classified into the following categories: 1) PCP (in-
cluding pediatrician), 2) hematologist (including
pediatric hematologists), 3) nonhematology spe-
cialist (see Table 2 for the list of nonhematology
specialists), and 4) nurse practitioner (NP) or phy-
sician assistant (PA) visits. NP and PA visits in
which a PCP, hematology, or nonhematology spe-
cialty was indicated on the claim were included into

the corresponding category. When we were unable
to determine if an NP or PA visit provided primary
care, hematology, or other specialty care, they were

Table 1. Demographic Characteristics and Enrollment
in CCNC Programs (Sample � 2045)

Characteristics Statistic

Sex, n (%)
Female 1162 (56.82)
Male 883 (43.18)

Age, mean (SD) 22.87 (16.41)
N (%)

1 to 9 years old 499 (24.40)
10 to 17 years old 436 (21.32)
18 to 30 years old 537 (26.26)
31 to 45 years old 347 (16.97)
46 to 64 years old 194 (9.49)
�65 years old 32 (1.56)

CCNC program months enrolled*, mean
(SD)

10.67 (3.43)

Dual eligible Medicare and Medicaid, n
(%)

Yes 417 (20.39)
No 1628 (79.61)

Residence†, n (%)
Metro 1558 (76.19)
Non-Metro adjacent to Metro 440 (21.52)
Non-Metro un-adjacent to Metro 47 (2.30)

CCNC network, n (%)
Access East 390 (19.07)
Access Care 180 (8.80)
Carolina Collaborative Community

Care
125 (6.11)

Carolina Community Health
Partnership

30 (1.47)

Community Care Partners of Greater
Mecklenburg

320 (15.65)

Community Care of Southern
Piedmont

66 (3.23)

Community Care of Wake/Johnston
Counties

217 (10.61)

Community Care of Western North
Carolina

20 (0.98)

Community Care of the Lower Cape
Fear

112 (5.48)

Community Care of the Sandhills 102 (4.99)
Community Health Partners 37 (1.81)
Northern Piedmont Community Care 133 (6.5)
Northwest Community Care Network 134 (6.55)
Partnership for Community Care 179 (8.75)

CCNC, Community Care of North Carolina
*CCNC program enrollment is defined as having active full
Medicaid coverage and being linked to a medical home.
†Residence categories were determined using the United States
Department of Agriculture 2013 Rural-Urban Continuum
Codes.
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included in the NP or PA unidentified specialty
type or family practice. The “Other Specialty” cat-
egory includes outpatient visits not historically
linked to SCD care or with a frequency of �1% of
the total number of nonhematology specialty visits.
If the billing provider or rendering provider code
was either missing or did not link to a specific
provider type, then those visits were placed in the
“Null” category to signify they were unidentifiable.
“Acute care visits” signified medical care occurred

outside the ED, and were not inpatient stays but
occurred in an acute care location. Comanagement
is defined as a minimum of 1 PCP and 1 hematol-
ogist visit/patient during the study period. Our
team discussed this definition at length and agreed
this is a bare minimum and comanagement should
include more than 1 visit by both the PCP and
SCD specialist. However, because comanagement
for patients with SCD is so rare, we agreed to
examine a bare minimum of 1 visit for each.

HU Prescription Fills and Adherence
HU claims were identified using the drug name.
Only those enrolled in Medicaid for 12 months
were included in this analysis. The number of HU
prescriptions filled per enrollee by age group was
determined by summing the number of filled HU
prescriptions over the study period for each eligible
enrollee. The number of HU days supplied is the
sum of the days of supply on the prescription (eg,
30-day supply) in a 12-month period per person.
The duration of HU treatment days was measured
as the number of days between the date of the first
HU prescription filled and the last day of the study
period. The number of days between breaks in
treatment is the sum of days with no HU supplied,
divided by the number of gaps (missing next HU
prescription fill) per person.

HU adherence was categorized into 1 of the
following: 1) Good—if number of days supplied is
�80% of duration of HU treatment, 2) Fair or
Moderate—if number of days supplied is 60% to
79% of duration of HU treatment, 3) Poor—if
number of days supplied is �60% of duration of
HU treatment.19,20

Predictor Measures
Age-related differences in SCD health service uti-
lization have been found in several studies.16,21–24

Young adults that are transition aged (16 to 25
years) have particularly high rates of acute (emer-
gency and inpatient) care utilization.23 However,
18-to-30-year-olds with SCD have the highest re-
ported rates of acute care encounters per patient
per year, before decreasing throughout middle and
older ages.4 Differences in EDR depending on age
have also been previously noted in SCD patients,
with highest EDR noted in those transitioning to
adulthood.16 For this study, patients were catego-
rized into age categories similar to previously pub-
lished groups.25,26The following groups were uti-

Table 2. List of Non-Hematology Specialist by Type and
Visit Frequency for Age 1 to 65� (Sample N � 2045)

Specialty Type Frequency

Primary care visits 6251
Hematology specialty visits 2792
Non-hematology specialty visits 8827

Acute care* 2743
Physician assistant (unidentified specialty or

family practice)
1477

Nurse practitioner (unidentified specialty or
family practice)

1144

Unidentifiable (null)† 458
Obstetrician/gynecologist 383
Other specialty visits‡ 377
Orthopedic medicine 295
Ophthalmology/optometry 282
Surgery 235
Cardiology 191
Neurology 178
Pulmonary 174
Oncology 161
Nephrology 122
Otolaryngology 116
Anesthesiology 103
Gastroenterology 96
Physical and rehabilitation medicine 91
Foot & ankle surgery/podiatric medicine 87
Urology 82
Psychology 32

*Acute care visit—a visit that occurred in an out-patient acute
setting.
†Unidentifiable (Null) category includes office visits with a bill-
ing provider code for “multi-specialty” or “single specialty” with
no rendering provider information.
‡Other specialty visits include outpatient visits not historically
linked to SCD care or a frequency of visits within the specialty
category � 1% of the total number of specialty visits. Excludes
SCD and general NP or PA visits. Includes addiction medicine,
allergy and immunology, anatomic pathology, critical care med-
icine, dermatology, development behavior, diagnostic radiology,
endocrinology, geriatric medicine, infectious disease, special
hospital, neonatal-perinatal medicine, neuro-development,
rheumatology, sleep medicine, sports medicine, vascular and
interventional.
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lized: 1 to 9 years, 10 to 17 years, 18 to 30 years, 31
to 45 years, 46 to 64 years, and �65 years.25 Gen-
der differences in frequency and intensity of pain
have previously been reported. Several studies have
found an increased sensitivity and lower tolerance
to pain in women and have shown related increased
health service utilization.27–29 However, prior stud-
ies in reporting SCD pain have reported no differ-
ence in pain experiences between men and women,
but higher health care utilization by men.30,31 For
this study enrollees were categorized as either male
or female. Number of months enrolled in the
CCNC network (1 to 12 months) was obtained to
account for variations in comanagement and HU
adherence that could be affected by the length of
time in the network. Differences in the geographic
location of people with SCD have been linked to
differences in health-service utilization.32 Prior
studies indicate that the further away clients with
SCD are from clinics, the lower the rate of health
service utilization.32,33In this study patient zip
codes were used to categorize the sample by county
using the US Department of Agriculture Economic
Research Service (ERS) 2013 Rural-Urban Contin-
uum Codes classification to distinguish metropoli-
tan (metro) counties by population size and non-
metropolitan (nonmetro) counties by their degree
of urbanization and adjacency to metro areas.34

This method allows for consideration of regional
factors such as proximity to an urban area that may
influence utilization of health care services.

Analysis
Descriptive statistics, means, and standard devia-
tions for interval variables and frequencies and per-
centages for categorical variables were computed to
summarize demographic characteristics of the sam-
ple. Inpatient and ambulatory health care and HU
utilization were summarized by frequencies, medi-
ans, and interquartile ranges (IQRs), due to skewed
distributions. Utilization summaries were pre-
sented for the overall sample and by 6 age catego-
ries. Only those participants age 1 to 65� years,
who were enrolled in Medicaid for all 12 months
and had at least 1 Medicaid claim for HU were
included in the calculation of the HU utilization
summary statistics. There were no HU Medicaid
claims in the 65�-year age group, thus they were
excluded from the analysis. Logistic regression
models were used to evaluate participant factors’
influence on comanagement and HU treatment

adherence (good vs fair or poor). Both models were
conditional on age, gender, rural residence, and
months enrolled in the CCNC network. A re-
gression analysis including primary care and he-
matology visits as main effects with their inter-
action (comanagement) were added as predictors
in the HU adherence model. For each outcome
(comanagement and HU adherence), an area un-
der the curve–receiver operating characteristic
curve (AUC-ROC) was created. AUC-ROC pro-
vides an estimate of how capable the model is of
distinguishing between the outcomes. The higher
the AUC the better the model is at predicting good
adherence versus fair or poor adherence. When
AUC � 0.5, the model does not distinguish be-
tween levels of adherence.

Results
The participants in the sample were majority
female (56.82%), lived in metropolitan areas
(76.19%) and had a mean age of 22.87 years old
(SD � 16.41), see Table 1. Table 3 displays the
summary of utilization of acute care and outpa-
tient services of the sample.

ED and Hospital Utilization
Of the 6834 total ED encounters, 70.95% of the
total sample had an ED encounter during the 12-
month study period. There was a mean of 3.34
(SD � 7.51) and median of 1 (IQR � 0 to 4) ED
encounters per patient for the sample. Those who
were 18 to 30 years old had the highest mean and
median ED encounters per patient (5.22; SD �
9.38 and 2; IQR, 1 to 6). The 31-to-45-year-old
group had the second most, with 5.20 (SD � 12.15)
total ED encounters. The percentage of the sample
with an ED re-encounter within 7, 14, and 30 days
was also highest among the 18-to-30-year-old
group (30.91%, 35.20%, and 42.64%) followed by
those 31 to 45 years old (20.49%, 30.36%, and
36.02%), respectively. The mean EDR was highest
among 18-to-30-year-old patients (0.35) and
44.69% of this age group had an EDR of 0.33 or
greater. In the 31-to-45-year-old age group, the
mean EDR was 0.27 and 34.01% had an EDR of
0.33 or greater. The overall sample had a mean of
1.32 (SD � 2.78) hospitalizations/patient. The 18-
to-30-year-old age-group also had the highest
mean total hospitalizations (2.26, SD � 3.91) and
mean rehospitalizations within 7 (0.16; SD � 0.78),
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14 (0.44; SD � 1.78), and 30 (0.89; SD � 2.97)
days. The 31-to-45-year-old age group had the
second most hospitalizations/patient and rehospi-
talizations (Table 3).

Outpatient Visits and Comanagement
The 46-to-64-year-old and the oldest (65� years)
of the sample had the highest median number of
total outpatient visits (9 each), as well as nonhema-
tology specialty visits (4 and 4.5), respectively. The
youngest (1 to 9 years old) and the oldest (65�
years) had the highest median number of PCP visits
(3 and 4, respectively). Participants that were age 1
to 9 years had the highest median number of he-
matology visits.1 Overall, there were a large total
number of nonhematology specialist visits: 8827
(Table 2). Outpatient acute care visits, PA and NP
visits accounted for 60% of the total number of
nonhematology specialist visits. Only 34.82%,
however, of the study sample met our definition of
being comanaged. Comanagement was higher in
the 1-to-9-year-old (44.88%) and 10-to-17-year-
old groups (39.22%) versus the 31-to-45-year
(30.26%) and 65�-year (18.75%) age groups, see
Table 3. Age had the greatest influence (AUC �
0.599) on whether or not a patient was comanaged,
whereas, gender, months enrolled in CCNC, and
residence had very little predictive influence on
comanagement (Figure 1).

HU Utilization
A third of the sample (32.24%) had at least 1 HU
prescription during the study period (Table 4).
Those who were 1 to 9 years old had the highest
median number of days supplied (221; range, 21 to
750), the least median days between breaks in HU
treatment (14.21; range, 0 to 318), and the longest
duration of HU treatment days (median, 340;
range, 0 to 364). Those who were 18 to 30 years old
had the lowest number of median days supplied
(110; range, 4 to 366) and the most median days
between treatment (49.3; range, 0 to 337). The
1-to-9-year-olds also had the highest number of
patients classified as good HU adherence (47.50%)
and conversely the lowest classified as poor HU
adherence (37.50%). In contrast, the 18-to-30-
year-old age group had the lowest good HU ad-
herence (18.03%) and the highest poor HU adher-
ence (69.40%) in the sample. The 31-to-45 year-
old age groups had the next lowest good HU
adherence (20.93%) and next highest poor HUTa
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adherence (60.47%). Age was the strongest predic-
tive factor of good HU adherence (AUC � 0.6503).
Prediction by comanagement was minimal with an
AUC � 0.5615, but it was greater than the predic-
tion of primary care only (AUC � 0.5481) or he-
matology care only (AUC � 0.5481) (Figure 2).
Gender, residency, and number of months enrolled
in CCNC had little influence on HU adherence.

Discussion
Our study revealed high health service utilization
and low rates of HU adherence, which are consis-
tent with prior studies of SCD health care utiliza-
tion.16,25,35–38 We also found, however, a strikingly
low rate of comanagement between the PCP and
SCD specialist, simply defined as 1 visit to both a
PCP and hematologist. Furthermore, we noted
high utilization of additional services by nonhema-
tologist specialist and significant variations in HU
adherence by age group.

ED Encounters and Hospitalization
Prior national assessments of ED encounters in 1
year were estimated to be 232,381 and primarily
by adult patients (81% by adults, 19% by those
�18 years).2 Similarly, our sample revealed 18-
to-30-year-old and 31-to-45-year-old age groups
had the highest rate of ED encounters, with close
to three quarters of those age groups having at
least 1 ED encounter. This rate was lower than
prior rates of up to 90% reported by Brousseau et
al4 In the �18-year-old group, our sample had a
lower ED encounter rate (65.88%) compared
with the national estimate of 67%.38 In addition,
previous studies have highlighted the highest
EDR among the patients transitioning from pe-
diatrics to adult medical care with an associated
high health care cost.39 Our sample also high-
lighted poor transition to adult medical care with
a significant percentage of 18-to-30-year-old pa-
tients (44.69% of the sample) having greater than

Figure 1. Area under the curve–receiver operating characteristics (AUC-ROC) curve for comanagement.
Performance of predictor measures and a combined model including age, gender, residency, and months enrolled
in Community Care of North Carolina (CCNC) for comanagement with area under the curve values for each.
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0.33 EDR, which indicates a high reliance on
the ED.17

Patients with SCD are frequently admitted to
the hospital for further pain control after initially
being seen in the ED, supported by our findings
that almost half of our sample were hospitalized
during the study period. Furthermore, SCD has a
higher rehospitalization rate than other chronic
diseases such as heart failure and diabetes and re-
hospitalization is a measure of quality of care re-
lated to hospitalization.40 A significant contributor
to health care costs in the chronically ill is 30-day
rehospitalization rates, which may reflect the lack
of access and quality of ambulatory care for patients
with SCD.2,37,41,42 We found 7-, 14-, and 30-day
rehospitalization rates were lower than prior find-
ings (5% to 16%).2,40 These lower rates may be due
to state-based efforts by CCNC to reduce hospital
admissions and readmissions, variations in access to
care and insurance benefits by state and previous
studies performing analysis on data over a decade
ago. Risk factors for rehospitalizations such as age,
(particularly the age at transition from pediatric to
adult care) and having public health insurance have
been previously identified.43 Our study supports
prior findings indicating a spike in utilization that
coincides with the age of transition from pediatric
to adult SCD care and high utilization in a sample
of NC Medicaid enrollees. Moreover, it indicates a
continued need to develop interventions for SCD
patients and providers that will improve care

throughout the care transition period in this pop-
ulation. Finally, a lack of follow-up care with the
PCP or hematologist has also been consistently
reported as an important factor associated with
rehospitalizations and return to the ED within 30
days of discharge.35,37,40,43,44

Outpatient Visits
In addition to evaluating PCP visits and hema-
tology visits, our study included data on the num-
ber of outpatient visits with various specialists.
We found a large number of nonhematology
specialty visits, many by PAs and NPs, and age-
related differences in the types of outpatient ser-
vices utilized. To the best of our knowledge, we
are the first group to report this level of complex
outpatient care and the use of multiple specialty
services by SCD patients. This important finding
has implications for care coordination. Use of
patient navigators may be 1 intervention to assist
patients with the high number of specialists and
associated appointments required to manage
SCD.45 Two projects funded by Patient Cen-
tered Outcomes Research Institute (PCORI) are
currently evaluating the use of community health
workers and peer mentoring to improve the tran-
sition period for emerging adults with SCD.46,47

These projects hope to generate evidence that
will support the routine use of some type of
support systems necessary to navigate the com-
plex health care needs for individuals with SCD.

Figure 2. Performance of predictor measures and a combined model including Primary Care visit alone,
Hematology visit alone, Co-management, age, gender, residency and months enrolled in Community Care of North
Carolina (CCNC) for good versus fair or poor hydroxyurea adherence with area under the curve values for each.
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There was little difference between the percent-
ages of enrollees that had a PCP visit and a non-
hematology specialist, although the total and mean
number nonhematology specialist visits exceeded
the total and mean number of PCP visits. This
demonstrates the wide variety and high frequency
of specialty care requirements for this population.
The 1-to-17-year-old sample age groups had sim-
ilar total outpatient visit rates to the 18�-year age
groups. Prior studies have reported a higher num-
ber of mean outpatient visits (12.6 vs 7.9 in our
sample) for Medicaid-enrolled children.48 How-
ever, there was a downward trend in the rate of
hematology specialists visits in older SCD age
groups. This trend was reversed in the nonhema-
tology specialist visits, which were lowest in the
youngest age group and highest in the oldest age
group. Studies of SCD patients have previously
shown that the absence of a PCP and missing or
forgetting outpatient visits were associated with
both hospitalizations and rehospitalizations of SCD
patients.35,37 The effect of nonhematologist spe-
cialty visits on ED or inpatient health service uti-
lization, in contrast, has not been reported. Infor-
mation on the type of services provided by
nonhematology specialists and the mechanisms (eg,
referral processes) used by patients to access these
services are needed. Service delivery may be influ-
enced by restrictions in advanced practice provider
practice, which vary by state. Patterns of outpatient
specialist utilization are needed. This includes non-
hematology specialists visits, before ED and hospi-
talizations for common complaints such as pain, as
this is the most common reason for SCD patient
hospitalization, is complex and difficult to man-
age.35,36,49,50 These findings support the need for
alternative care models. However, models such as
the patient- centered medical home (PCMH) care
model have been difficult to implement and for
patients to access.7,51 A recent national survey of
1060 family practice physicians, found that only
20% reported being comfortable with overall man-
agement of SCD.13 However, 80% of respondents
indicated they would be willing to comanage pedi-
atric patients, and 68% reported they would be
willing to comanage adult patients.13

Comanagement
It has been previously identified that there is a need
to improve comanagement between specialists and
PCPs for chronic diseases. In a large survey of 702

primary care practices, only 27% of primary care
patients with chronic diseases were comanaged, de-
spite evidence that comanagement can improve
care of chronically ill patients.52 For example, co-
management by nephrologists and PCPs has been
found to improve the PCP’s ability to identify
chronic kidney disease, referral to nephrologists,
execution of comanagement plans, and improved
monitoring of anemia and metabolic bone dis-
ease.53,54 Comanagement between rheumatology
and primary care has also been suggested to im-
prove management of patients with rheumatoid
arthritis and cardiovascular disease.55 Our sample
rate of comanagement was 34.82%, but varied by
age group. Comanagement was lower in the 18-
and-older age groups and age also contributed the
most to our comanagement prediction model. This
finding, along with the high number of nonhema-
tology specialist visits in adults suggest a need to
promote comanagement of SCD patients to a wider
group of providers including PAs, NPs and other
specialists such as obstetrician/gynecologists that
have not been considered part of usual care for
SCD patients. Similar to other chronic diseases, a
comanagement model using a combination of a
PCP and a hematology specialist to manage the
care of SCD patients could potentially improve
SCD quality of care by reducing disease complica-
tions and high acute care utilization. For example,
comanagement models of care could specifically
focus on increasing the rate of prescription and use
of HU, which is often under prescribed and the
mainstay of therapy for SCD.

HU Prescription Fills and Adherence
HU has been shown to reduce the frequency of
pain episodes, acute chest syndrome, need for red
blood cell transfusions, hospitalizations, and mor-
tality.10,56 Reported HU adherence rates vary
widely depending on the assessment method used
and the sample size.57–60 Although there is no per-
fect measurement of adherence, HU pharmacy re-
fills have been used to identify SCD patients at risk
for poor response due to nonadherence.60 Using
Medicaid HU prescription claims, we found only a
third of patients were classified as having good HU
adherence, which was similar to the rate reported in
a prior study (35%) of NC Medicaid enrollees,
using prescription claims data to obtain medication
possession ratio as a measure of adherence.20 Fac-
tors leading to poor adherence include patient neg-
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ative perceptions about benefits of HU, adverse
symptoms, and poor emotional response to
SCD.56,61,62 Age has been shown to have a signif-
icant effect on HU adherence, with older age being
associated with poorer adherence.57 We found a
similar trend, with increasing age and decreasing
number of participants with a filled HU prescrip-
tion, the number of HU prescriptions filled, num-
ber of days supplied, and adherence. HU adherence
in the 65�-year age group was excluded from our
analysis because they had no HU prescription fills.
Age was more highly associated with good versus
fair or poor HU adherence than the proposed sta-
tistical model. However, comanagement was asso-
ciated with HU adherence, despite low overall rates
of comanagement in our sample. This finding war-
rants further analysis of the relationship of coman-
agement to HU adherence, which may in turn
influence ED and inpatient utilization.

Study Limitations
There were several limitations of our study. Our
study only included Medicaid enrollees with SCD,
a group that has been found to have higher rates of
health service utilization in several other stud-
ies.2,4,36,63–65 Only Medicaid claims from 2016 to
2017, after the initiation of the Patient Protection
and Affordable Care Act (ACA) were used in our
study. Although NC did not expand Medicaid cov-
erage, studies on ED and outpatient health service
utilization after the ACA went into effect have
varied greatly between states.66–68 Variations in
utilization may also result from between state dif-
ferences in the number of new Medicaid enrollees,
coverage limits and the number of years since ex-
pansion occurred. Future comparisons of health
service utilization that considers these payer differ-
ences (Medicaid expanded and not expanded) by
state would provide a more robust understanding of
utilization in the SCD population.

Differences in the number of SCD-related ED
visits have been noted depending on the volume
and proximity of the ED to metropolitan areas.2

Our data did not include the location of the ED
where the encounter occurred, so this level of
analysis was excluded from our study. In addi-
tion, the study observation period was shorter,
(12 months) in our study compared with other
studies that have included more than 2 years of
utilization data.2,4,63,69 The episodic nature of
SCD, including intermittent periods of very high

service utilization followed by periods of lower ser-
vice utilization may have led to over- or under-
representation of data during our 12-month study
period. We were also unable to classify claims with
no rendering provider information. These claims
were categorized into an unidentifiable (null) cate-
gory, but likely caused an underrepresentation of
another nonhematology specialist category. We
were also unable to determine the practice type of
PAs and NPs, specifically whether they were SCD
specialists or primary care. In addition, we were
unable to review medical records to describe the
type of comanagement that occurred between the
specialist and PCP, the type of care provided by the
PCPs, or “who” prescribed HU. This article re-
ports our baseline data, before dissemination of the
NHLBI evidence based guidelines and we cannot
yet comment on how they will affect practice.

Conclusion
In our study, age was the most important factor in
predicting comanagement and HU adherence and
there were notable age-related differences in health
care utilization. As in prior studies, the age at which
ED and inpatient use increases, coincides with the
period of transition from pediatric to adult
care.16,26,70 Increased utilization from acute care
services has been described in several studies of
pediatric to adult care transition.11,22 Our study
further supports the need for increased focus on
acute care utilization in the 18-to-45-year-old age
group and considerations for improved care transi-
tion interventions.71 Interventions that improve
HU adherence are of particular importance in re-
ducing acute care utilization. Importantly, we
found comanagement is associated with HU adher-
ence. Further studies of the influence of comanage-
ment on known drivers of high SCD acute care
utilization such as acute pain episodes are needed,
as well as studies that identify the frequency and
components of comanagement needed to increase
adherence and reduce acute care utilization. While
we were able to report preliminary data on outpa-
tient utilization including utilization of nonhema-
tology specialist, we did not report specifics such as
procedures or the chief complaint associated with
these visit (eg, pain related) or include nonhema-
tology specialist utilization in our comanagement
or HU adherence models. Future research that
considers nonhematology specialist in understand-
ing of SCD health service utilization is also needed.
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