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Abstract: Background: Sickle cell disease (SCD) is the most common inherited blood disorder, affecting primarily
Black and Hispanic individuals. In 2016, 30-day readmissions incurred 95,445 extra days of hospitalization, $152
million in total hospitalization costs, and $609 million in total hospitalization charges. Objectives: 1) To estimate
hospital readmissions within 30 days among patients with SCD in the State of California. 2) Identify the factors as-
sociated with readmission within 30 days for SCD patients in California. Methods: We conducted a retrospective
observational study of adult SCD patients hospitalized in California between 2005 and 2014. Descriptive statistics
and logistic regression models were used to examine significant differences in patient characteristics and their as-
sociation with hospital readmissions. Results: From 2,728 individual index admissions, 70% presented with single
admission, 10% experienced one readmission, and 20% experienced > two readmissions within 30 days. Significant
predictors associated with zero vs. one readmission were male gender (OR=1.37, Cl: 1.06-1.77), Black ethnicity
(OR=3.27, CI: 1.71-6.27) and having Medicare coverage (OR=1.89, Cl: 1.30-2.75). Lower likelihood of readmission
was found in those with a Charlson Comorbidity index of three or more (OR=0.53, Cl: 0.29-0.97). For zero vs. > two
readmissions, significant predictors were male gender (OR=1.43, Cl: 1.17-1.74), Black ethnicity (OR=6.90, CI: 3.41-
13.97), Hispanic ethnicity (OR=2.33, Cl: 1.05-5.17), Medicare coverage (OR=3.58, Cl: 2.68-4.81) and Medi-Cal cov-
erage (OR=1.70, Cl: 1.31-2.20). Lower likelihood for having two or more readmissions were associated with individu-
als aged 65+ (OR=0.97, Cl: 0.96-0.98) and those with self-payment status (OR=0.32, Cl: 0.12-0.54). Conclusions:
In California, male, Black, and Hispanic patients, as well as those covered by Medicare or Medi-Cal, were found to
have an increased risk of hospital readmissions. Redirecting outpatient goals to address these patient populations
and risk factors is crucial for reducing readmission rates.
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Introduction ever, included the complete count of blood cells
(CBC), hemoglobin (Hb) electrophoresis or high-

Sickle cell disease (SCD) is the most common performance liquid chromatography (HPLC),

inherited blood disorder, affecting approxi-
mately 1 in 2500 births and 100,000 individu-
als in the United States [1]. It is characterized
by the presence of abnormal hemoglobin,
known as hemoglobin S (HbS), which causes
red blood cells to change their shape from a
flexible disc to a rigid sickle-like shape. These
sickle-shaped cells can become trapped in
blood vessels, leading to vaso-occlusion, tissue
damage, and pain crises [2, 3]. Detection and
diagnosis of SCD typically involves a comobina-
tion of biochemical and molecular tests [4]. The
gold standard and most popular methods, how-

which can distinguish between normal hemo-
globin (HbA), hemoglobin S (HbS), and other
abnormal hemoglobin variants [5]. Additionally,
genetic testing through DNA analysis is impor-
tant for precise detection, and can confirm spe-
cific genetic mutations responsible for SCD,
such as the HbS gene [6].

Current treatment options for SCD aim to allevi-
ate symptoms, manage complications, and
improve the patient’s quality of life. The evi-
dence-based recommendation by American
Society of Hematology (ASH) for blood transfu-
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sion is considering it on an individualized case-
by-case bases, considering risk of surgery,
complications with prior transfusions, and dis-
ease severity to optimize outcomes [7]. For
patients with recurrent episodes of ACS, fre-
quent pain, or other complications, ASH sug-
gests, with low certainty, that physicians should
consider Hematopoietic stem cell transplanta-
tion (HSCT) at an early age, rather than stan-
dard of care. Their cautionary recommendation
is due to lack of randomized controlled clinical
trials for HSCT [8].

In addition to blood transfusion, other ma-
nagement options of SCD involve a combina-
tion of pharmacological and non-pharmacologi-
cal interventions. Key treatment approaches
include pain management involving use of anal-
gesics, nonsteroidal anti-inflammatory drugs
(NSAIDs), and opioids; hydroxyurea to reduce
the frequency and severity of pain crises; pro-
phylactic antibiotics to prevent infections in
SCD patients, and immunization to protect SCD
patients from infection [9-11]. However, the
efficacy of these treatments remains variable.
More specifically, hydroxyurea has shown sig-
nificant efficacy in managing SCD [12, 13].

Despite advancements in treatment some
patients experience better outcomes such as
relatively mild disease course, while others
experience more frequent complications and
hospitalizations, and readmission. In 2004,
SCD accounted for 113,000 hospitalizations
resulting in $488 million in annual hospitaliza-
tion costs [14, 15]. Hospital readmissions with-
in 30 days have been used as a metric of qual-
ity care by the Centers for Medicare & Medicaid
Services (CMS) and are considered critical in
reducing healthcare-associated costs for indi-
viduals with chronic conditions [16-19]. Since
October 1, 2012, CMS began penalizing hospi-
tals with excess readmissions [17, 19]. Notably,
in 2016, 30-day readmissions resulted in
95,445 additional days of hospitalization, cost-
ing $152 million in total hospitalization costs,
and $609 million in total hospitalization charg-
es [19].

Findings from empirical studies reveal that
readmission is the highest in SCD patients who
live in socio-economically deprived areas,
where access to care is limited to the popula-
tion most in need [20-24]. Among other factors
contributing to increased SCD readmissions,
particularly among patients from lower socio-

190

economic status is the number of comorbidi-
ties. Specific medical conditions such as asth-
ma, pneumonia, congestive heart failure (CHF)
are at higher risk of readmission [19, 25].

There is also empirical evidence suggesting dis-
parities in the prevalence, type, severity, and
complications, and cost of care related to SCD
based on race/ethnicity [26-28]. For instance,
among Black newborns in the United States 1
in 365 is affected by SCD compared to approxi-
mately 1 in 16,300 in Hispanic newborns [26,
29]. Recent research conducted using the
National Inpatient Sample (NIS) database, fur-
ther, underscores the racial discrepancies in
SCD-related hospitalizations [26]. The authors
found that hospitalization were overwhelmingly
represented by Black patients at 93.4% fol-
lowed by Hispanic patients at 4.8%, and White
patients at 1.8% [26]. Moreover, these dispari-
ties extended to the clinical manifestations of
the disease, with Black patients being more
likely to experience sickle cell crises, blindness,
and require blood transfusions. In contrast,
Hispanic patients had increased odds of mor-
tality compared to Black patients [26].

While it is recognized that SCD patients incur
higher care costs due to the acute and chronic
complications requiring treatment, there is a
limited understanding regarding the readmis-
sion rates across different racial/ethnic groups,
as well as the association between race/ethnic-
ity and readmission, specifically within the con-
text of a specific State’s healthcare system. In
this study, we aim to address these knowledge
gaps by aiming to: 1) Estimate hospital read-
missions within 30 days among patients with
SCD in the State of California. 2) Identify the
factors associated with readmission within 30
days for SCD patients in California. By quantify-
ing readmission rates and gaining insight into
the various contributing factors, we can better
understand the burden of care, overall cost,
and the need for interventions to reduce read-
missions. Additionally, our findings have the
potential to inform state-wide policies, thereby
illuminating pathway for improving care man-
agement, and patient outcomes [30].

Materials and methods
Study design

We conducted a retrospective observational
study using data from the California Department

Am J Blood Res 2023;13(6):189-197



Predictors of hospital readmissions in SCD

of Health Care Access and Information (HCAI).
HCAI includes licensed hospitals comprising
general acute care, acute psychiatric, chemical
dependency recovery, and psychiatric health
facilities. The study data covered the period
between 2005 and 2014. We created an
analytic dataset by including individuals over
18 years old with a primary or secondary diag-
nosis of SCD as indicated by the ICD-9-CM
code 282.60. Patients who who experienced
in-hospital mortality were excluded from the
analysis.

We identified potential predictors of 30-day
hospital readmissions based on prior research
studies [14, 31]. These predictors include as
age, gender, race/ethnicity, insurance status,
and Charlson Comorbidity Index (CCl). The CCI
was developed to quantify and account for the
cumulative impact of multiple comorbid condi-
tions on a patient’s health status [32]. Each
condition is assigned a score based on associ-
ation with mortality. The higher the CCI score,
the higher the predicted risk of mortality or
adverse outcomes [32]. The outcome of inter-
est was any instance of readmission within a
30-day. In our study, the initial hospitalization
for an individual within our dataset was consid-
ered the “index admission”. Subsequent admis-
sions within 30 days of the index admission
were classified as readmissions.

To enhance the contextual understanding of
the community, we derived additional variables
from census data. These variables included the
percentage of the population within ZIP codes
having a college education, the population
below the federal poverty level (FPL), and the
percentage with vehicle ownership. This study
did not require institutional review board app-
roval or patient consent because no patient
data was collected. We used publicly available
State data.

Data analysis plan

We assessed predictors of individual readmis-
sions and the number of admissions using
descriptive analysis. We dichotomized the out-
come into two groups: one readmission versus
non-readmission and two or more readmis-
sions versus non-readmission. We modeled the
outcomes using logistic regressions, including
all potential predictors of 30-day hospital read-
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missions. The unit of analysis was at the patient
visit level.

We reported odds ratios and 95% confidence
intervals (Cl) from the models. Data analyses
were performed with SAS 9.4 (SAS Institute,
Cary, NC). The statistical significance was set at
p-value < 0.05.

Results

We identified 31,627,239 patient-level admis-
sions from the HCAI database between 2005
and 2014. Among these, 2,934 admissions
pertained to individuals over 18 with a primary
or secondary diagnosis of SCD. We excluded
206 patients who deceased during hospitaliza-
tions, resulting in 2,728 individuals who were
admitted and subsequently discharged while
still alive.

Sample characteristics

Out of the 2,728 patients who met the inclusion
criteria, 60% (n=1640) were female. Age distri-
bution revealed that 64% of the admission
cases (n=1,748) were in the 18-44 age catego-
ry, 26% (n=720) fell within the 45-64 age cate-
gory, and 10% (n=260) were 65 and older. The
majority of patients were Black (n=2182), fol-
lowed by Hispanic (n=260), White (n=199), and
Asian/other (n=87). In terms of insurance sta-
tus, 59% (n=1696) of patients had either
Medicare or Medi-Cal, while 27% (n=732) had
private insurance and 14% (n=380) were unin-
sured or had another source of payment.
Regarding patients’ comorbidities, the majority
(55%) of patients had a CCl score of O (n=1943),
with 27% (n=725) having a score of 1, and 18%
(n=510) scoring two or higher (Table 1).

Readmission patterns

Within our study sample, 1,430 patients were
admitted only once during the study period,
483 experienced readmissions beyond 30
days, 275 were readmitted once within 30
days, and 540 encountered two or more read-
missions within 30 days following their index
admission (Figure 1). Among patients with mul-
tiple readmissions within 30 days, the break-
down was: 120 patients had two readmissions,
78 had three, 58 had four, and 284 had five or
more (Figure 2).
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Table 1. Sample characteristic

Patient Characteristics n=(20,/528
Age 18-44 1748 (64.0)
45-64 720 (26.0)
65+ 260 (10.0)
Gender Male 1088 (40.0)
Female 1640 (60.0)
Race/Ethnicity ~ White 199 (7.0)
Black 2182 (80.0)
Hispanic 260 (10.0)
Asian/other 87 (3.0)
Insurance Status Medicare 652 (24.0)
Medi-Cal 964 (35.0)
Private 732 (27.0)
Uninsured/Self Pay 259 (10.0)
Other 121 (4.0)
CCl 0 1943 (55.0)
1 725 (27.0)
2 315(11.0)
3+ 195 (7.0)

Abbreviation: CCl: Charlson Comorbidity Index.

Community characteristics based on the cen-
sus data

Using census data, we derived three communi-
ty characteristics: the percentage of those
below the FPL, the percentage with a college
degree within a neighborhood, and the percent-
age of those without care ownership (Table 2).
Hence, we found that 25% of the patients
(n=665) lived in neighborhoods where under
13% had incomes below the FPL, while 26%
(n=708) lived in areas where over 24% were
below the FPL. Furthermore, 25% of patients
(n=671) lived in neighborhoods where under
11% held a college degree, and 27% (n=738)
lived in neighborhoods where more than 15%
did not own a car (Table 2).

Predictors of readmission

To identify predictors of readmissions within 30
days, we used two logistic regression models
(Table 3). Model 1 compared the odds of zero
vs. one readmission, and model 2 compared
the odds of zero vs. two or more readmissions.
Our analysis in model 1 revealed that males
had higher odds for readmission (OR=1.37, Cl:
1.06-1.77) compared to their female counter-
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parts. Being Black (OR=3.27, Cl: 1.71-6.27) and
having Medicare (OR=1.89, CI: 1.30-2.75) were
associated with higher odds of experiencing
single readmission within 30 days compared
to patients of other races and those covered
by private insurance, respectively. While age
and having Medi-Cal coverage and self-pay
were not significant predictors, having CCI
score of three or higher (OR=0.53, Cl: 0.29-
0.97) was associated with a lower likelihood of
readmission.

In model 2, our analysis revealed that males
(OR=1.43, ClI: 1.17-1.74), Black patients (OR=
6.90, Cl: 3.41-13.97), and Hispanic patients
(OR=2.33, Cl: 1.05-5.17) and those covered by
Medicare (OR=3.58, Cl: 2.68-4.81) or Medi-Cal
(OR=1.70, CI: 1.31-2.20) had higher odds of
two or more readmissions. In contrast, patients
aged 65 and above (OR=0.97, Cl: 0.96-0.98)
and those with self-payment status (OR=0.32,
Cl: 0.12-0.54) had lower odds of experiencing
two or more readmissions. CCl score was not a
significant predictor in this model.

Discussion

Our results revealed that approximately 30% of
our sample experienced hospital readmissions
within the 30-day timeframe, with 20% experi-
encing two or more readmissions and an alarm-
ing 10% experiencing five or more readmissions
during the studied period. Males, those of Black
ethnicity, and, patients with Medicare insur-
ance were more likely to have at least one read-
mission within 30 days of their index admis-
sion. Black patients had twice the readmission
rates compared to Whites and nearly seven
times higher odds of experiencing at least
two readmissions; these disparities persisted
despite controlling for clinical, demographic,
and selected community contextual factors.
Our findings support previous studies on read-
missions among patients with SCD. However,
there were some variations in the study design
and scope of the prior studies, such as limited
sample size or lack of findings at the state level
[14, 17, 33].

As a social construct, there is a compelling
need to further understand the drivers behind
these disparities, this requires recognizing the
complex interplay of community and individual
factors, which our study was unable to capture
using NIS database [34, 35].
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Figure 1. SCD study sam-

ple selection flowchart Patient-level admissions in
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Table 2. Census variables in quartiles

Census variables

n=2,728 (%)

< 100% below FPL <13%
13-19%
19-24%
> 24%
<11%
11-23%
23-34%
>34%
Percent without a car < 6%
6-9%
10-15%
> 15%

Percent college degree

665 (25.0)
690 (25.0)
663 (24.0)
708 (26.0)
671 (25.0)
692 (25.0)
664 (24.0)
699 (26.0)
644 (24.0)
690 (25.0)
654 (24.0)
738 (27.0)

Abbreviation: FPL: Federal Poverty Level.

Table 3. Adjusted logistics regression model

Zero vs. 1 readmission

Zero vs. > 2 readmissions

o (model 1) (model 2)
Characteristics - -
Odds Confidence Odds Confidence
ratio  interval (95%) ratio interval (95%)
Male 1.37* 1.06-1.77 1.43* 1.17-1.74
Age 0.99 0.99-1.00 0.97* 0.96-0.98
Black 3.27* 1.71-6.27 6.90* 3.41-13.97
Hispanic 1.87 0.86-4.05 2.33* 1.05-5.17
Medicare 1.89* 1.30-2.75 3.58% 2.68-4.81
Medi-Cal 1.36 0.98-1.88 1.70* 1.31-2.20
Self-pay 0.80 0.49-1.32 0.32* 0.12-0.54
CClI 3+ 0.53* 0.29-0.97 0.96 0.61-1.50

*Statistically significant finding (P < 0.05). Abbreviation: CCl: Charlson

Comorbidity Index.

Our findings also highlight patterns among pri-
mary payers, where patients on Medicare had
elevated odds (1.3 higher), of presenting one
readmission but the odds doubled for those
with two or more readmissions. It is important
to note that Medicare includes not only individ-
uals aged 65 and older but also those with dis-
abilities and end-stage renal disease. This pat-
tern of increased readmissions in patients with
Medicare aligns with the existing literature and
is not unique to SCD patients [36]. We found
that characteristics such as higher comorbidity
score, increasing age, and self-payment status
were associated with reduced odds of readmis-
sions. These seemingly protective associations
could be explained by the possibility of mortal-
ity occurring outside the hospital setting or
increased follow-up for patients with higher
comorbidities [37-39].
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Given California’s diverse landsca-
pe, engaging local African-Ameri-
can and Hispanic-serving commu-
nity organizations can enhance
efforts to increase awareness
about early signs of SCD complica-
tions and empower patients and
caregivers [40]. This approach
acknowledges the unique cultural
contexts of these communities and
recognizes the importance of tailor-
ing culturally competent, linguisti-
cally and literacy-appropriate SCD-
related health information and edu-
cation. Also, establishing a dedi-
cated care coordination team is
recommended for patients covered
by Med-Cal or Medicare to facili-
tate hospital-to-outpatient continu-
ity of care [41]. This type of special-
ized care coordination addresses
the complexities that can arise
from navigating different health-
care settings and providing pa-
tient-centered care to managing
SCD. Moreover, SCD patients under
Med-Cal or Medicare plans can
benefit from medication access
programs ensuring uninterrupted
access to essential medications
[42]. Indeed, uninterrupted access
to medication is one of the critical
components of effective chronic
disease management [43]. In addi-
tion, local advocacy groups can
guide SCD patients in using state-

administered health insurance systems to

receive home health services, including skilled
nursing care, reducing the risk of readmission.
These types of advocacy could empower SCD
patients by equipping them with the knowledge
to take advantage of all available resources
and services. Moreover, comprehensive post-
discharge planning with early follow-up care
and culturally sensitive collaborative care ser-
vices for marginalized patients can reduce
barriers to care and ensure proper monitoring
after discharge, holistic support, and improved
health outcomes, as supported by empirical
evidence [42, 44-46].

Limitations
Our study is subject to several limitations. The

Charlson comorbidity index, while useful in pre-
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dicting 10-year survival rate in cases with mul-
tiple comorbidities, may not entirely capture
the complexities of illness severity. In addition,
it is worth noting that the study excluded pedi-
atric patients, which limits the generalizability
of our finding. Previous studies indicate that
this population also exhibits high rates of read-
missions [33, 47, 48]. Furthermore, our under-
standing of patients’ socioeconomic status
(SES) was limited by the absence of individual-
level data, despite our attempt to estimate SES
using census data. Nevertheless, our study
offers valuable insights for addressing health
disparities and optimizing Med-Cal, since in
California substantial SCD hospitalized patient
population is covered by Medi-Cal, designed to
assist the underprivileged.

Conclusions

Despite advancements in the management of
SCD, our findings reveal that a substantial pro-
portion of patients continue to experience
readmissions within 30 days of their initial
hospitalization. In California, this experience is
not limited only to Black patients; it is also
prevalent among Hispanic patients, indicating
an independently increased risk of hospital
readmissions for this population. Also, gender
and insurance status, particularly male and
Medicare or Medi-Cal coverage, are associated
with increased readmission rates. These find-
ings should lead to further efforts to realign
outpatient goals and management strategies
to address the specific needs of these patient
populations and mitigate risk factors. Com-
bining community engagement, specialized
care coordination, medication access pro-
grams, and culturally sensitive post-discharge
planning collectively hold the potential to con-
tribute to reduced readmission rates in this
specific patient population.
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