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Mortality trends in sickle cell patients
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Abstract: Background: Sickle cell disease affects a significant portion of US patients with African descent. It contin-
ues to be one of the leading causes of frequent hospitalizations and high in-hospital morality risk. Until the approval
of disease-modifying therapies in last two years, medical therapy has relied mostly on management of pain epi-
sodes and the use of hydroxyurea. We discuss the nationwide analysis of trends in in-hospital mortality in patients
with Sickle Cell Disease from 2000 to 2014. Methods: Trends of in-hospital mortality in sickle cell patients were
analyzed from a database provided by the Agency of Healthcare Research and Quality. From the data hospitalization
rates and in-hospital mortality in categories by region in the US, hospital size, health insurance status, comorbidities
and gender were examined. Patterns of in-hospital mortality were analyzed by logistic regression. Results: Ratio for
hospitalization and mortality among the four regions described Northeast, Midwest, South, West with respective
values of 0.63%, 0.65%, 0.76% and 0.89% with P =0.008 and OR = 1.07. Odds ratio for sickle cell patients that died
during hospitalization and health insurance status was OR = 0.08. Comorbidities considered in sickle cell patients;
diabetes mellitus (DM), hypertension (HTN), hyperlipidemia (HLD), chronic kidney disease (CKD), smoking status.
The odds ratio for comorbidities show A-fib with a value of OR = 4.47, followed by hypertension OR = 1.92, diabetes
mellitus OR = 1.44 and chronic kidney disease OR = 1.29, smoking status OR = 0.60. Mortality-hospitalization ratio
by gender was: males 0.77% and females 0.69% with OR = 0.87. Conclusions: In-hospital mortality by US regions,
as well as health insurance status are important measurable elements that show the impact of the disease from a
public health perspective. Further and more specific data of regions by states, comorbidities by states and sex, as
well as health insurance status by states will provide further insight in local mortality trends.

Keywords: Delay time, polymerization, social determinants of health, sickle cell, literacy

Introduction quence of intracellular crystallization. The grad-
ually increasing fibers through crystallization
contributes to the rigidity of the red cell and
progressively higher viscosity of blood. Of note,
there is a latency period of time or “delay time”
where hemoglobin is deoxygenated, however it
does not become polymerized during the initial
fraction of time [3]. If transit through microvas-
culature is beyond the delay time, hemoglobin
will be at higher risk of aggregating and will
favor “sickling” [3]. As hemoglobin S polymeriz-

Sickle cell disease (SCD) encompasses a group
of genetic diseases that result from a single
point mutation in the position 6 of the gene
that encodes hemoglobin subunit 8 [1]. It in-
cludes sickle cell anemia (SCA), sickle cell he-
moglobin C (HbSC) and sickle -thalassemia.
The molecular structure of hemoglobin con-
sists of combined globin subunits which in
association with the heme cofactor confers its

oxygen carrying capacity. Adult hemoglobin is
made up of two o subunits and two  subunits
[1]. The substitution of valine for glutamic acid
within the molecular structure of the $-globin
subunit, is the mutation which drives in the pro-
duction of hemoglobin S (HbS) [2]. It is an auto-
somal recessive disease, where the two copies
of the B subunits need to be mutated for evi-
dent clinical manifestation. Surface charge in
hemoglobin S is characterized by a variation
which under conditions of deoxygenation tends
to polymerize and create fibers as a conse-

es, it weakens the erythrocyte membrane, pro-
moting a dehydrated state with a higher ten-
dency to hemolyze. Repeated episodes of de-
oxygenation over time causes an irreversible
stiffness of the red cell - a “sickle” shape. Ac-
quired sickle shape and stiffness of the red
cells results in higher blood viscosity, red cell
membrane fragmentation and as a consequ-
ence shortened red blood cell lifespan. This is
a continuous process as the higher viscosity
results in a slower transit through the micro-
vasculature causing higher oxygen extraction
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[3]. The lower oxygen affinity of HES and its
deoxygenation worsens the sickling of the red
cells. Progressively slower transit of red cells
through the capillaries increases the delay ti-
me, worsens the deoxygenation and sickling as
the process continues [3].

Over time sickle cell disease leads to a chronic
inflammatory state through episodic vaso-oc-
clusion causing ischemia, pain and important
organ system complications. The process of
intravascular hemolysis and release of cell-
free hemoglobin creates reactive oxygen spe-
cies which cause nitric oxide (NO) consumption
and oxidative damage [4]. As a third pathophys-
iologic mechanism, the reduced bioavailability
of NO is thought to trigger the expression of
adhesion molecules and at the same time pro-
duction of the vasoconstrictor endothelin-1 [1].
Endothelial cells in activated state are associ-
ated with increased vascular tone and produc-
tion of inflammatory mediators responsible for
vascular damage [1]. There is an overall incre-
ase in activation of the endothelium, coagula-
tion proteins, leukocytes and platelets with
increased adhesion to endothelium mediated
to some extent by P-selectin [1, 5]. It is thus a
predisposing factor to endothelial dysfunction
and proliferative changes in the intima and
smooth muscle of the vasculature, which re-
sults in eventual systemic, pulmonary hyper-
tension and organ injury [4].

Microvascular phenomena also manifest with
multiple organ damage. Beginning early in life
complications that stem from microvascular
changes predispose patients to vaso-occlu-
sive pain episodes. This same mechanism can
also manifest as cerebrovascular events, acu-
te chest syndrome (due to vaso-occlusion of
pulmonary vasculature). Acute chest syndrome
is in fact the second most common cause of
hospital admissions and most common cause
of sickle cell mortality [6]. The cascade of con-
sequences as a result of generalized vasculop-
athy translates into cardiopulmonary compli-
cations, in which heart failure with or without
pulmonary hypertension is the primary cause
of mortality [7].

Gradually there is more organ involvement in
these patients, including progressive decrease
in renal function [8]. Renal medulla is the most
prominent site of injury as capillaries here are
relatively hypoxic, acidic and hypertonic all of
which favor sickling [9]. This results in greater
adhesion of erythrocytes to the vascular wall
which derives in greater inflammation and as
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a consequence an increase in vascular tone
manifested as vasoconstriction [10-12]. Endo-
thelial defective function derives in systemic
hypertension. This in addition to the above sta-
ted is also an independent contributing factor
for renal disease. Increased susceptibility to
infections contributes to increased mortality in
sickle cell disease. Microvascular changes pro-
gressively result in organ injury, which include
splenic infarcts and eventual auto-splenecto-
my. Impaired splenic function pose a risk of
severe systemic infections, while alteration in
complement activation contributes to infection
susceptibility in these patients [13].

Over the last two decades hydroxyurea had
been the only approved medication for sickle
cell, approaching the pathophysiologic mecha-
nism by inducing fetal hemoglobin (HbF) pro-
duction which reduces HbS polymerization.
Newly approved disease-modifying medicati-
ons over the last two years, approach other
pathophysiologic pathways of the disease by
either reducing oxidative stress, inhibiting en-
dothelial activation or by allosteric modification
of HbS [5]. However as these therapies have
been recently approved, their impact on the
sickle cell population will be subject of study
over the next decade but is not reflected in this
analysis.

The mortality of sickle cell patients has been
influenced by several factors including the in-
troduction of novel therapies, better follow-up
care in sickle cell clinics, better outreach pro-
grams in specialized sickle cell centers, immi-
gration of sickle cell patients etc. This study
analyzes the trend in hospitalization and mor-
tality of sickle cell patients by geographic re-
gion and hospital size. It also analyzes the me-
dical comorbidities which are associated with
death during hospitalization of sickle cell pa-
tients.

Methods
Data source

We analyzed the nationwide trend of in-hospi-
tal mortality in sickle cell patients from a data-
base provided by Agency of Healthcare Re-
search and Quality. This was a retrospective
cross-sectional analysis of in-hospital data fr-
om the years 2000-2014 obtained from the
National Inpatient Sample (NIS) database. NIS
is the largest all-payer inpatient care database
maintained by the Agency for Healthcare Re-
search and Quality as part of the Healthcare
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spective study exempt from re-
view by the Institutional Revi-
ew Board. Inclusion criteria for
patients were age more than
equal to 18 years and with a
diagnosis of sickle cell disea-
se. Exclusion criteria included
patients less than 18 years of
age and with any diagnosis oth-
er than sickle cell disease.

Statistical analysis

Chi square test using excel
software by Microsoft has be-
en used to analyze them.
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Logistic regression analysis
was used to interpret patterns
of mortality during hospitaliza-
tion in this population. We co-
mpared it to data provided by
the statistical brief from the
Healthcare Cost and Utilizati-
on Project, which followed the
characteristics of in-patients
with diagnosis of sickle cell fr-
om 2000 to 2014.

Results

Geographical factors

Data on sickle cell patients

Northeast Midwest

Figure 1. A: Hospitalization of sickle cell patients by region from 2000-
2014. All data pertaining to region and mortality were extracted from NIS
database. * denotes a p value <0.05. B: Mortality during hospitalization for
sickle cell patients by region from 2000-2014. All data pertaining to region
and mortality were extracted from NIS database. * denotes a p value <0.05.

Cost and Utilization Project [14]. The NIS con-
sists of data from approximately a 20% sam-
pling of inpatient admissions to acute care hos-
pitals in the United States. It is stratified by
geographic region, urban/rural location, teach-
ing status, and hospital bed size to minimize
sampling bias. Each admission is weighted to
make NIS representative of nationwide hospi-
tal systems. Patient’'s demographics, primary
and secondary diagnoses, Clinical Modification
(ICD-9-CM) diagnosis and procedure codes, re-
source utilization and clinical outcomes are
reported in the database. The data within the
NIS is publicly available and does not contain
any identifying information, making this retro-
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hospitalized from year 2000 to
2014 was divided by catego-
ries of region, hospital size de-
fined as small, medium or large
hospital, medical health insur-
ance status, sex, comorbiditi-
es and analyzed for their total
in-hospital mortality for every
category. Total deaths and hospitalizations
ratio by regions described as Northeast (329/
52,254 = 0.63%), Midwest (/332/50,872 =
0.65%), South (1,013/133,438 = 0.76%), West
(207/23,370 = 0.89%) with P = 0.008 and
OR = 1.07. Ratio of death and health insur-
ance status for Medicaid (558/116,109 =
0.48%), Medicare (782/77,748 = 1.00), private
(394/45,837 = 0.85%) and self-pay (76/12,012
= 0.63%) in-hospital deaths with OR = 0.84.
Ratio according to death during hospitalization
and hospital size; small (159/26,070 = 0.61%),
medium (463/65,077 = 0.71%), large (1247/
167,572 = 0.74%). These trends are represent-
ed in Figures 1 and 2.
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(99/6,594 = 1.50%, OR =
1.29), smoking status (157/
34,592 = 0.45%, OR = 0.60).
In ratio of mortality and hospi-
talization by sex category ma-
les (859/111,475 = 0.77%)
and females (1,022/148,059
= 0.69%) with OR = 0.87. This
is shown in Table 1.

Discussion

Increased mortality in sickle
cell disease is a consequence
of the interaction of different
pathophysiologic mechanisms
inducing immunologic compro-
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mise and vascular phenomena
which results in complications
due to multiple organ injury.
Non-medical barriers add co-
mplexity to the management,
monitoring and mortality as so-
cial determinants of health po-
se significant challenge requir-
ing a comprehensive approa-
ch. In general terms sickle cell
patients have a significantly fr-
agmented care and different
factors may aggravate that fr-
agmentation. Non-medical ba-
rriers can have a significant
impact on the medical man-
agement and evolution of the
disease. Although painful epi-

Small hospital Medium hospital

Figure 2. A: Hospitalization of sickle cell patients by hospital size from
2000-2014. All data pertaining to region and mortality were extracted from
NIS database. * denotes a p value <0.05. B: Mortality during hospitalization
for sickle cell patients by hospital size from 2000-2014. All data pertaining
to region and mortality were extracted from NIS database. * denotes a p

value <0.05.

Mortality and co-morbidity trends

Deaths and comorbidities ratio considered with
their respective odds ratio for mortality during
hospitalization; A-fib (155/3685 = 4.2%, OR =
4.47), diabetes mellitus (171/11,789 = 1.45%,
OR = 1.44), hypertension (592/43,310 =
1.36%, OR = 1.92), hyperlipidemia (61/4,209 =
1.44%, OR = 1.07), chronic kidney disease
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Large hospital

sodes are the most character-
istic clinical presentation as a
result of vaso-occlusive isch-
emic episodes, sickle cell dis-
ease has become a chronic
disease with associated pro-
gressive organ damage and
declining quality of life.

Sickle cell disease (SCD) is significantly more
prevalent in patients of African descent in the
United Sates where approximately 100,000
have the diagnosis [15]. Arabic, Indian, cer-
tain Mediterranean countries, South, Central
America and the Caribbean can also be affect-
ed [2]. Advancements over the last years have
resulted in improved treatment of complica-
tions and decreased mortality in pediatric pa-
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Table 1. Prevalence and Odds ratios of sickle
cell patients who died during hospitalization
according to comorbidities and health insur-
ance status

Comorbidity Prevalence 0dds Ratio
A-fib 4.2% 4.4788
Hyperlipidemia 1.44% 1.0748
Smoking 0.45% 0.6064
Diabetes Mellitus 1.45% 1.4423
Hypertension 1.36% 1.9245
Chronic Kidney Disease 1.5% 1.2949
Health Insurance 0.8482
Hospital Region 1.106

Gender 0.8770

tients nearly to 95% who now reach 18 years
of age [15]. Management of complications and
life expectancy in adults has improved moder-
ately although is still challenging. Currently life
expectancy for adult individuals with sickle cell
disease is 54 years [16]. Geographic and social
distribution of the disease adds complexity to
the follow up and management as it directly
impacts quality of life and mortality.

It is worth considering the level of literacy of
sickle cell disease treatment guidelines among
healthcare professionals. This may also be hin-
dering adequate monitoring and management
of the disease, which would contribute to better
prevention of complications. There has been an
increased effort by the Department of Health
and Human Services to not only identify cures
aside from the already established bone mar-
row transplant (not widely available and is cur-
rently for a selected group of sickle cell patients)
[15]. There had also been an increased effort
to educate healthcare professionals on identi-
fying and treating sickle cell patients in pain
crisis, as well as on how to transition adequate-
ly from pediatric into adult care [15].

The statistical brief presented by the Healthca-
re Cost and Utilization Project (HCUP) and refer-
enced in this analysis, described characteris-
tics of inpatient hospital stays involving sickle
cell patients from 2000 to 2016. The majority
of hospital admissions involving patients with
sickle cell disease, occurred in lowest income
communities and in metropolitan areas. Cor-
respondingly the readmission rates after sick-
le cell disease admissions were lower as com-
munity-level income increased [15]. This study
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reported, sickle cell disease hospital admis-
sions were 4.1% more likely to result in dis-
charge against medical advice, as opposed to
1.2% in non-sickle cell disease patients from
2000 to 2016 [15]. Of note 33.5% of sickle cell
disease hospital admissions demonstrated a
30 day readmission as opposed to 12.5% of
hospital admission for patients without the dis-
ease [15]. This must also be considered as a
contributing factor for in-hospital mortality. In
2016 three-fourths of hospital admissions of
sickle cell patients had a public expected payer
(Medicare 25.7% and Medicaid 49.6%) [15].

Findings in this statistical brief correlate with
our results from Nationwide Analysis of Trends
in In-hospital Mortality in patients with Sickle
Cell Disease from 2000 to 2014. Mortality dur-
ing hospital stay was analyzed in categories of
geographical region in the US, health insurance
status comorbidities, sex and hospital size.
Statistically significant difference was reported
in the rate of mortality between small, medium
or large hospitals. However the hospitalization
and mortality ratio was different when compar-
ing Northeast, Midwest, South and West geo-
graphical regions (0.63%, 0.65%, 0.76% and
0.89% respectively) with P = 0.008 confirming
that the statistically significant difference in
ratio among regions was not determined by
chance. This suggests that there may be a fac-
tor affecting the mortality outcome by regions.
It is worth investigating in a new study if social
determinants of health are confounding these
results. The overall odds ratio for the category
of region OR = 1.07 however suggests that
although hospital region and death are corre-
lated, it was not a strong determinant for death
during hospitalization. The data on the geo-
graphical regions does not report distance or
access to healthcare, as in whether the referred
populations were located in a metro area, rural
adjacent to metro area, or rural-remote area.
This component may shed light into whether
higher in-hospital mortality in certain geogra-
phical regions is secondary to complications
developed over time, and a possible role social
determinants of health in disease progression.
Inadequate follow up and literacy on sickle cell
disease by both patients and medical providers
may be contributing to these results. It is wor-
th mentioning that there is no statistical de-
scription of socioeconomic status by region.
This may as well be considered in view of higher
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hospitalization and mortality in South and West
regions, possibly correlated with lower quality
of life, remote access to health services and
consequently higher comorbidity burden. A de-
scription of mortality by each state encom-
passed in per region and season of the year,
may also be contributory to assess possible
environmental triggers and particular regional
needs. Of note extremes in temperatures is a
recognized pain trigger and have been associ-
ated with acute complications, however studi-
es have not provided evidence to establish cor-
relation between acute pain episodes during
such temperature conditions and hospital ad-
missions [17]. Pain triggers must be consider-
ed in the context of their interaction with other
contributing factors altering cycles of dehydra-
tions and sickling which may underlie these
results.

This study provided data of health insurance
status from public expected payers (Medicaid,
Medicare), private health insurance and self-
pay showing statistically significant difference.
Odds ratio for sickle cell patients that died dur-
ing hospitalization and health insurance status
was OR = 0.84. This value OR<1 suggests hav-
ing a health insurance may be a protective fac-
tor from dying during hospitalization. In-hospital
mortality of self-pay patients with 0.63% may
underrepresent this group as it is reasonable to
consider that many uninsured patients might
not seek medical service or may die before
admission. Cumulative organ damage over time
in sickle cell patients, results a consequence
of the interaction between the different patho-
physiologic pathways. All of the comorbidities
analyzed in this study are common in the gen-
eral population as a consequence of dietary
habits and lifestyle. Vascular injury and dys-
function underlie the pathophysiologic changes
in all of these chronic diseases. Dietary habits
and lifestyle can be confounding factors in the
evolution and overall health deterioration of
sickle cell patients. However, the pathophysiol-
ogy of the microvascular damage, multi-organ
disfunction and chronic inflammation in sickle
cell is an unavoidable reality of these patients.
The odds ratio for comorbidities show A-fib with
a value of OR = 4.47, followed by hypertension
OR = 1.92, diabetes mellitus OR = 1.44 and
chronic kidney disease OR = 1.29. All of these
values >1 suggest a strong correlation of hav-
ing these comorbidities and dying during hospi-
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talization. Higher OR values for A-fib and hyper-
tension suggest having these two comorbiditi-
es contribute most strongly to higher risk of in-
hospital mortality. It may reflect the cardiopul-
monary component as leading cause of death
in these patients [7]. It is reasonable to investi-
gate if the patients with more comorbidities
correlated with rural or remote areas to me-
dical services. A comprehensive approach to
management is required to bridge the gaps
in the various components of the disease and
patient care. Common comorbidities in the gen-
eral population, in the context of these patients
can be confounding the natural course of the
disease. Patient management and monitoring
must meet a perspective of sickle cell disease.
Chronic liver disease, chronic periodic transfu-
sion patterns and iron overload, were not con-
sidered among analyzed comorbidities and
mortality. Many sickle cell patients receive ch-
ronic transfusions and may develop iron over-
load and should be included as important risk
factors in future studies.

This study reported lower in-hospital mortality
in females compared to males. It is worth inves-
tigating comorbidities by sex. Although men-
strual cycles can be a trigger for pain it may
also provide prospective protection to organ
damage secondary to iron overload. Also, the
physiologically and relatively lower hematocrit
in females may confer a minimal protective fac-
tor in vaso-occlusion and organ damage if we
assume there is an associated comparatively
lower viscosity. Lower in-hospital mortality may
be reflecting these factors.

Hydroxyurea, despite potential toxicities is very
well tolerated and does reduce disease associ-
ated complications [18]. It may have contribut-
ed to the improvements in life expectancy and
quality of life in sickle cell patients over the last
2 decades, however its’ use and compliance
was not reported in this study. Advanced organ
injury and complications can be confounded
by limited access to medical services, lack of
adherence to medication and appointments
and even lack of knowledge from the medical
services. The perception from the medical pro-
viders on the use of hydroxyurea and the side
effect profile can be adding a barrier of per-
ceived complexity to the already challenging
care of these patients. Awareness that the
management is a combined effort relying in
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the primary-care physician as much as in the
hematologist is key in the overall evolution and
management. An adequate level of literacy on
sickle cell disease by primary-care physicians is
crucial in reducing barriers that could poten-
tially prevent patients from considering hydroxy-
urea and also improving these population’s
quality of life [15]. This aspect is worth investi-
gating as it may also provide insight on the pat-
terns of in-hospital mortality by region, in addi-
tion to the proposed description of location in
terms of proximity to medical services.

In-hospital mortality trends discussed in this
study are representative of the complex inter-
action of pathophysiologic, medical and non-
medical components of sickle cell in a time
frame where hydroxyurea had been the only
approved medical treatment. Newer disease-
modifying medications are not represented in
this study will eventually be discussed in fu-
ture studies over the next decade. The diffe-
rent pathophysiologic pathways of the disease
are being targeted by new approved medica-
tions. L-glutamine reduces vaso-occlusive epi-
sodes by protecting the red blood cell against
oxidative damage. A different anti-sickling ag-
ent (voxelotor) increases oxygen affinity of HbS
by allosteric modification [5]. Crinalizumab is
a third recently approved medication that tar-
get abnormal cellular adhesion and vascular
dysfunction [5]. The reduction in mortality and
morbidity in sickle cell disease patients due to
introduction of these newer pharmacological
agents will be apparent in the next few years
and will warrant further follow-up studies.

Conclusions

Socioeconomic background as well as previ-
ously proposed detailed geographic distribu-
tion of people with the disease by state, in addi-
tion to distribution by region may reflect pat-
terns of social and health disparities in the ca-
re of sickle cell disease patients. This can help
address the disparities between urban and
rural population as well as health insurance
status and disease knowledge among patients
and medical providers. Recently approved dis-
ease modifying medications may also bridge
the gaps in sickle cell treatments to a certain
extent. Improved access to medical service as
well as alternatives in treatment can have di-
rect impact in disease evolution, development

196

of complications and in-hospital mortality risk.
A multidisciplinary approach is desired for im-
proving quality of life, prevention and manage-
ment of complications as addressing modifi-
able risk factors can improve in-hospital mor-
tality.
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