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Abstract: Introduction: Sickle cell disease (SCD) is a genetic disorder that is widely observed on a
global scale and known for its substantial negative impact on health and mortality. The purpose of
this research was to explore how SCD influences the outcomes of acute coronary syndrome (ACS)
and Percutaneous Coronary Intervention (PCI). Methods: A retrospective observational analysis was
conducted using the National Inpatient Sample (NIS) data for the year 2020. Adult patients with
concurrent ACS and SCD diagnoses were included in the study. Demographic information, clinical
characteristics, in-hospital outcomes, and PCI complications were examined and compared between
ACS patients with and without SCD. Results: Among a total of 779,895 ACS patients, 1495 had
coexisting SCD. SCD patiets exhibited distinct demographic features, such as younger age (mean
age: 59 vs. 66 years), predominantly female (53% vs. 35%), and primarily African American (91% vs.
11%). Comorbid conditions such as hypertension and chronic lung disease were more prevalent in
SCD patients. While inpatient mortality odds did not significantly differ, SCD patients demonstrated
slightly shorter lengths of stay in cases of STEMI and NSTEMI/UA. Notably, SCD patients faced a
statistically significant increased risk of coronary dissection, highlighting a unique complication in
this population. Although an increased incidence of atrial fibrillation and acute heart failure was
observed in SCD patients, statistical significance was not achieved. Conclusions: This study provides
valuable insight into the intricate interplay between SCD and ACS outcomes. SCD patients presented
with distinctive demographic and clinical profiles that influenced their experience with ACS. The
elevated risk of coronary dissection emphasizes the necessity for tailored interventions and careful
management in SCD patients. These findings underscore the need for further research to elucidate
underlying mechanisms and optimize treatment strategies for individuals with both SCD and ACS.

Keywords: sickle cell disease; coronary artery disease; percutaneous coronary intervention outcomes;
inpatient mortality

1. Introduction

Sickle cell disease (SCD), arising from a single point mutation found on the hemoglobin
beta gene, presents a global health concern, affecting over 300,000 infants annually, with
projections reaching 400,000 by 2050 [1]. This autosomal recessive genetic disorder holds a
higher prevalence among African Americans, with 1 in 500 affected and 1 in 12 carrying the
gene [2]. Structurally, hemoglobin S (HbS) or sickle hemoglobin is oriented in a tetramer
configuration made up of two (3-globin subunits. In such conditions as deoxygenation,
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the hemoglobin S will precipitate aggregation with other hemoglobin, giving rise to large
polymerizations that contribute to an alteration in the overall red cell morphology. At
baseline, HbS has a reduced oxygen affinity that exacerbates HbS polymerization and,
in turn, further reduces HbS oxygen affinity. This aggregation is a direct result of the
hemoglobin S substituting the negatively charged 36 glutamic acid with its hydrophobic
counterpart valine [2,3]. SCD’s intricate pathophysiology involves microvascular blockages
that disrupt blood flow due to abnormal hemoglobin responses under conditions like
hypoxemia, acidosis, dehydration, and stress, leading to painful crises and tissue dam-
age [3]. This cascades into recurrent cycles of ischemia and reperfusion, impacting organ
systems, including the heart [4,5]. The expansion of preventative and medical interventions
has decreased morbidity and mortality associated with SCD in developed countries. As
patients continue to live longer, the long-term impact of vaso-occlusive events leads to the
onset of complications within organ systems, especially pronounced in the cardiovascular
system. The intriguing link between SCD and acute coronary syndrome (ACS), encompass-
ing events like heart attacks, has emerged from autopsy studies, highlighting a notable
proportion of cardiovascular-related deaths in the SCD population, and SCD remains a
substantial contributor to premature mortality in the United States [1,6-8].

While the existing literature has enriched our understanding of this relationship, a com-
prehensive grasp of the dynamics and associated risk factors remains limited. This study
aims to further explore the impact of SCD on ACS, contributing to a more comprehensive,
scientific, holistic understanding of their overarching interplay.

2. Methods
2.1. Study Design

This was a retrospective observational study of adult patients who were admitted for
ACS with and without sickle cell disease as a comorbidity within the United States for
the year 2020. Among both groups, demographic information, clinical characteristics, and
in-hospital outcomes were compared. This study aimed to assess the impact of SCD on
ACS patient outcomes as it specifically relates to inpatient mortality, length of stay, hospital
charges, and time from admission to percutaneous coronary intervention (PCI). Figure 1
serves as a visual representation of the study methodology including data collection,
analysis, interpretation, and outcomes, providing an overview of the analytical framework
employed in this investigation.

2.2. Data Source and Sample

For data analysis, we utilized the National Inpatient Sample (NIS), a comprehensive
repository that contains discharge data from a 20% stratified sample of hospitalizations in
the United States. It is principled upon a complex sampling design and acquiring national
estimates necessitates clustering at hospitals and the stratification of sampled data as well
as developments in sampling over time. The NIS uses the tenth revision of the International
Classification of Diseases (ICD10-CM) for diagnosis codes. The inclusion criteria for this
study were those patients in the NIS2020 database who had an admitting primary diagnosis
of ACS (including STEMI, NSTEMI, and UA), during 2020, based on ICD10-CM codes.
Patients under 18 years of age were excluded. Furthermore, patients admitted with other
primary diagnoses were also excluded from this study. Supplemental Table S1 includes all
ICD-10 codes. The NIS database does not allow for further stratification of diagnoses based
on severity, procurement of lab values, or imaging of individual patients, nor does it allow
for the documentation of causes or etiologies of certain diagnoses. Further limitations of
our dataset are outlined in our Section 5.

2.3. Variables of Interest and Study Outcomes

The primary outcomes of our study included in-hospital all-cause mortality, length
of stay, total hospital charges, and complications in patients with ACS such as acute heart
failure, atrial fibrillation, acute kidney injury, and coronary dissection. We compared these
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outcomes between two cohorts: patients admitted with ACS and a diagnosis of sickle
cell disease (SCD) and patients admitted with ACS without SCD. There was a myriad
of potential confounding variables which had to be adjusted for in our study. These
confounders encompassed a broad range of factors including patient age, gender, race,
socioeconomic status, and medical comorbidities; hospital location and size, and primary
expected payer. By adjusting for these confounding variables, we aimed to elucidate
the impact of SCD on clinical outcomes and healthcare utilization patterns of patients
experiencing ACS. This approach allowed for a nuanced understanding of the interplay
between SCD and ACS.

National Inpatient Sample (NIS) database from the
Healthcare Utilization Project (HCUP)
(2020)

ICD Codes: i i
STEMI: 121, 1211, 1212 ¢ Acute Coronary No Pahemsswrl:gf:r:xéc(%ésc)oronary
NSTEMI: 1214, 1222 Syndrome (ACS) Y (excluded)

UA: 125, 1200, 1222

Yes

Total # of patients with Acute Coronary
Syndrome (ACS):
779,895

ICD Codes:
D57.0, D57.1, D57.2,
D57.3, D57.4, D57.5,

D57.8, D57.9

Patients without Sickle Cell Disease
778,400 (99.8%)

Yes

Patients with Sickle Cell Disease
1,495 (0.2%)

Figure 1. Flowchart of Population Selection and Analysis for Sickle Cell Disease Patients with Acute
Coronary Syndrome (ACS) and Their PCI Outcomes.

2.4. Statistical Analysis

In adherence to the Healthcare Cost and Utilization Project data use agreement, we
refrained from reporting variables with a limited number of observations (<10) to mitigate
potential risks of patient identification or data privacy infringement. Statistical analy-
ses were conducted using STATA version 17.0 software (StataCorp., College Station, TX,
USA). Data were represented as percentages for categorical variables and as means =+ stan-
dard deviations (SDs) for continuous variables. Comparison of continuous variables was
performed using Student’s t-test, while categorical variables were compared using the
chi-square test, providing insights into both the associations and disparities within our
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dataset. Univariate regression analysis was employed to compute unadjusted odds ra-
tios for primary and secondary outcomes, providing initial insights into the associations
between variables of interest. To adjust for potential confounding factors, multivariable
regression analysis was conducted to calculate adjusted odds ratios (aORs). For binary
outcomes, a logistic regression model was utilized, whereas linear regression was employed
for continuous outcomes, allowing for a comprehensive analysis of both categorical and
continuous variables associated with the outcome of interest. Model construction involved
the inclusion of variables associated with the outcome of interest in univariable regression
analysis, with a significance threshold set at p = 0.02. All p values were two-sided, with
statistical significance defined at p < 0.05.

3. Results
3.1. Demographic Data

In this study, we examined a total of 779,895 patients admitted for acute coronary
syndrome (ACS). Among them, 520,530 had STEMI (690 in the SCD group) and 259,365 had
NSTEMI/unstable angina (805 in the SCD group). Among these ACS patients, 1495 had a
confirmed diagnosis of sickle cell disease (SCD). The average age among SCD patients was
59 years, contrasting with the mean age of 66 years in the non-SCD group. Among the SCD
patients, 53% were female, while this percentage was 35% among non-SCD patients.

Within the SCD patient subset, 91% self-identified as African Americans, in contrast to
the non-SCD group, where the percentages were 74% Caucasian, 11% African American,
9% Hispanic, 3% Asian and/or Pacific Islander, 0.5% Native American, and 3% belonging
to other races.

Further investigation into the SCD patient subset revealed the highest localization
of hospital region belonging to the south (76% vs. 4%, p < 0.003) compared to that of the
northeast, midwest, or west.

Furthermore, patients with SCD had a higher Charlson comorbidity index and a
higher likelihood of substance abuse issues (15% vs. 3%, p < 0.001), hypertension (73% vs.
42%, p < 0.001), and chronic lung disease (35% vs. 21%, p < 0.001) compared to non-SCD
patients. The comparative demographic data for ACS patients with and without SCD can
be observed in Table 1.

Table 1. Demographic data of patients admitted with acute coronary syndrome (ACS) with and
without comorbid sickle cell disease (SCD). p-value < 0.05 indicates significance.

Variable SCD Without SCD p Value
Age mean (years) 59 +3 66+ 1
Female Gender (%) 53 35 0.03
Race (%)
Caucasian 9 74
African American 91 11
Hispanic 0 9 0.001
Asian or Pacific islander 0 3
Native American 0 0.5
Others 0 3
Charlson comorbidity index (%)
0 3 5
1 6 24 0.007
2 15 23
3 or more 76 47
Median Income in patients Zipcode (%)
$1-%47,999 39 31
$48,000-$60,999 36 28 0.26
$61,000-81,999 15 22
>$82,000 9 18
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Table 1. Cont.

Variable SCD Without SCD p Value
Hospital Region

Northeast 9 17
Midwest 9 22 0.003

South 76 4

West 6 18

Hospital Bed size (%)

Small 21 19
Medium 21 29 0.52

Large 59 51

Hospital Urban Location (%)

rural 3 7
urban nonteaching 23 18 0.49

urban teaching 74 75

Primary expected payer (Insurance)

Medicare 48 51
Medicaid 22 10 0.07

Private Insurance 29 27

Self-Pay 0 4

Comorbidities

Drug Abuse (%) 15 3 0.001
Hypertension (%) 73 42 0.002
Diabetes with chronic complications (%) 32 27 0.54
Diabetes without chronic complications (%) 6 15 0.12
Alcohol Abuse (%) 3 3 0.92
Obesity (%) 21 24 0.60
Peripheral Vascular Disease (%) 15 11 0.48
Chronic Pulmonary Disease (%) 35 21 0.04
Chronic kidney Disease (%) 18 12 0.33
Heart failure 17 17 0.92
Atrial fibrillation 13 10 0.22

3.2. Inpatient Mortality, Length of Stay, Hospitalization Cost, and Time to PCI for ACS Patients
with Concomitant SCD

Our study demonstrated findings regarding inpatient outcomes for SCD patients
admitted with ACS. For SCD patients diagnosed with ACS, the odds of inpatient mortality
risk were not statistically significant. Length of stay in SCD patients with STEMI or
NSTEMI/UA was found to be significant, with an average mean difference of 0.49 days and
0.55 days (p = 0.003), respectively. Neither time from admission to PCI nor hospitalization
charges were found to be statistically significant between SCD patients with STEMI and
NSTEMI/UA. Table 2 shows inpatient outcomes for patient admitted with STEMI or
NSTEMI/UA with comorbid sickle cell disease that were determined through a logistic
regression model and adjusted for other predictor variables including age, gender, race,
hospital region, and Charlson comorbidity index (CCI).

3.3. PCI Complications in SCD Patients

We tasked the NIS 2020 dataset to ascertain all those patients with ACS undergoing
PCI and then further stratified based on the presence or absence of sickle cell disease. The
odds of having coronary dissection in SCD patients with ACS were higher compared to
non-SCD patients with ACS (aOR: 14.13, CI: 1.73-115.1, p = 0.01). Among SCD patients
admitted for ACS who underwent PCI, there was an elevated, yet not significant, risk
of atrial fibrillation (aOR 3.07, CI: 0.67-14.1, p = 0.15)) and acute heart failure (aOR
2.05, CI: 0.65-6.48, p = 0.35). Table 3 shows PCI complications among sickle cell patients
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with adjusted covariates including age, gender, race, hospital, and Charlson comorbidity
index (CCI).

Table 2. Logistic regression of inpatient outcomes adjusted for covariates in patients admitted with
STEMI, NSTEMI, and UA with comorbid sickle cell disease. p-value < 0.05 indicates significance.
Adjusted covariates: age, gender, race, hospital region, and Charlson comorbidity index (CCI).

Unadjusted Odds Ratio Adjusted Odds Ratio and Average

(95% Confidence Interval) p-Values Mean (95% Confidence Interval) p-Values
STEMI Total No. 520,530 (690 in the SCD group)
Inpatient Mortality 1.16 (0.42-3.15) 0.76 1.35 (0.42—4.38) 0.61
Length of stay —0.64 (—1.07--0.21) 0.003 —0.49 (—1.0-—0.03) 0.03
Hospital charges —7532 (—22,401-7337) 0.32 —3361 (—18,933-12210) 0.67
Time from admission to PCI —0.17 (—42-0.08) 0.18 —0.08 (—0.34-0.17) 0.54
NSTEMI and Unstable Angina Total No. 259,365 (805 in the SCD group)
Inpatient Mortality 0.42(0.05-3.05) 0.39 0.54 (0.07-3.83) 0.53
Length of stay 1.83 (1.15-2.51) 0.001 —0.55 (—1.01-—0.08) 0.02
Hospital charges —13,223 (—28,130-1683) 0.08 —9798 (—25,320-5723) 0.21
Table 3. Percutaneous coronary intervention (PCI) complications among patients with sickle cell
disease. p-value < 0.05 indicates significance. Adjusted covariates: age, gender, race, hospital region,
and Charlson comorbidity index (CCI).
Unadjusted Odds Ratio Value Adjusted Odds Ratio Value
(95% Confidence Interval) P (95% Confidence Interval) P
Atrial Fibrillation 1.10 (0.58-2.11) 0.75 3.07 (0.67-14.1) 0.15
PCI Acute Heart Failure 0.79 (0.45-1.28) 0.35 2.05 (0.65-6.48) 0.21
Complications  Acute Kidney Injury 0.88 (0.53-1.48) 0.65 0.27 (0.03-2.17) 0.21
Coronary Dissection 1.87 (0.27-13.2) 0.52 14.13 (1.73-115.1) 0.01

4. Discussion

When examining the impacts of sickle cell disease on ACS, our study yielded several
significant findings. Firstly, our study reaffirmed the association between the sickle cell
population, with higher prevalences of hypertension, drug abuse, and chronic lung diseases.
Secondly, among sickle cell patients admitted with ACS, there was a statistically significant
decrease in the length of hospital stay, but no significant difference in mortality. Lastly, we
found that while sickle cell patients undergoing PCI for STEMI had similar rates of atrial
fibrillation, acute heart failure, and acute kidney injury, they had a statistically significant
higher rate of coronary artery dissections. For providers caring for this population, these
findings provide valuable insight into the clinical characteristics and outcomes of SCD
patients with ACS.

The increase in hypertension in SCD patients admitted with ACS is likely due to the
acidotic and hyperosmolar environment of renal inner medullary nephrons increasing
the risk of polymerization of HbS [9-11]. This initiates a cascade of events that leads to
microinfarctions in the nephron. Hemolysis and oxidative stress damage further cause
chronic tubular damage, leading to tubular dysfunction. This ultimately causes sickle cell
nephropathy to activate the renin—angiotensin-aldosterone system (RAAS). The perpetual
activation of RAAS likely contributes to a higher prevalence of hypertension and chronic
renal disease in these patients [11,12]. In our study, a greater proportion of patients with
SCD and ACS had chronic lung disease and pulmonary hypertension. SCD patients are
at risk of acute chest syndrome. Repetitive episodes of acute chest syndrome in SCD
patients lead to sickle cell chronic lung disease, a form of restrictive lung disease [13].
Additionally, our study identified a noteworthy association between SCD patients admitted
with ACS and drug abuse. Clinicians often use opioids to treat chronic complications of
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vaso-occlusive crises, such as avascular necrosis, which could contribute to the higher
prevalence of drug abuse in SCD patients [14]. Previous research has also linked SCD
to a higher risk of alcohol use disorder. Furthermore, because of the greater accessibility
and accompanying low cost of alcohol compared to opioids, alcohol may be rendered as
a more appealing coping strategy for pain than seeking medical treatment [15]. Lower
socioeconomic class may be another contributing factor as patients that suffer from sickle
cell disease are more likely to be in this demographic. As SCD was initially an evolutionary
way of fighting malaria, those with African origins are more likely to have the disease.
Moreover, per the US Poverty Statistics, it is estimated that 17.1% of those of African
American descent were living in poverty compared to the 11.5% national average. In one
article, Lewis et. al. states “Lower SES (socioeconomic status) is associated with increased
alcohol, cigarette, and cocaine use among teenagers and showed a higher probability of
use disorders in early adulthood”. Low SES has been associated with a worse prognosis as
its impact is multifactorial and directly hinders access to nutrition and healthcare [16].

Our findings indicate no difference in the prevalence of atrial fibrillation (AF) or heart
failure in SCD patients admitted for ACS. Atrial fibrillation among patients hospitalized
with SCD has been previously documented [17]. It has been theorized that cardiac arrhyth-
mias may have a greater incidence in SCD patients due to an affinity to autonomic cardiac
dysfunction and myocardial fibrosis, with factors such as aging increasing the risk [17,18].
Additionally, the incidence of heart failure among SCD patients has been documented as
chronic anemia from SCD leads to cardiac chamber dilation, an increase in left ventricular
mass, and eventual left ventricular diastolic dysfunction [19].

It is also noteworthy to mention that patients diagnosed with sickle cell disease (SCD)
experienced a significantly reduced hospitalization period subsequent to an acute coronary
syndrome (ACS) episode in contrast to patients without SCD. This disparity in hospital
stay duration may primarily stem from the potentially younger age of these individuals.

An interesting finding in our study was the increased risk of coronary artery dis-
sections in those patients with SCD undergoing PCL. It is important to note that the NIS
database lists coronary dissection as a procedure diagnosis, rather than a complication of
PCl itself and thus it is one of the limitations of this study that we are unable to pinpoint
the etiology or type of dissection. Another important thing to note is the fact that being
a young female by itself puts patients at risk of developing spontaneous coronary artery
dissection [20]. Both of these should be kept in mind as we move forward in the discussion
of these results; however, we did in fact adjust for age and gender in our adjusted odds
ratios. One proposed theory for why sickle cell patients may be more likely to develop
coronary dissection lies in the increasing evidence of arterial ectasias of the coronaries of
sickle cell patients. As one review by Danhan states, “coronary artery ectasia is very com-
mon in sickle cell disease with an incidence of 17.7%”. The review continues to state that
the likely cause for this notable figure is the pro-inflammatory state that is present in sickle
cell disease patients [21,22]. SCD patients have chronically elevated pro-inflammatory
markers contributing to vascular inflammation. The accelerated hemolysis in SCD leads to
an increased circulation of immature red blood cells (RBCs) that have increased expression
of adhesion receptors compared to mature RBCs [22]. As per Correia Rodrigues et. al., the
vasculopathy associated with sickle cell is likely the result of chronic adhesion and shearing
of abnormal hemoglobin, which leads to vascular remodeling, pathologic thickening, and
arterial tortuosity [23]. These further contribute to the multifactorial mechanism, causing
higher rates of coronary artery dissection in those with sickle cell disease. In reviewing the
current medical literature, there have been studies on sickle cell disease and acute coronary
syndrome; however, our study answers a curiosity about the impact sickle cell disease
has on the lengths of stay, complications, and post-PCI outcomes in those with ACS. The
findings of our study show a need for continued research in this field as there is a paucity
as of now.

The microvascular nature of vascular disease in sickle cell disease (SCD) patients
can lead to worse outcomes in patients undergoing percutaneous coronary intervention
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(PCI) for acute coronary syndrome (ACS). Chronic hemolytic anemia and recurrent vaso-
occlusive crises in SCD result in widespread vasculopathy and multi-organ damage. This
can manifest as low cardiac output due to chronic anemia and cardiomyopathy, increased
risk of multiple organ failure from microvascular ischemia, higher susceptibility to in-
fections like pneumonia due to functional asplenia, respiratory failure from acute chest
syndrome or pulmonary hypertension, and acute kidney injury necessitating hemodialysis.
Furthermore, SCD patients often require blood transfusions during acute crises, which can
lead to iron overload and associated complications [24].

Iron overload remains a pressing clinical issue for SCD patients. In fact, a post-mortem
study conducted by Porter and Garbowski identified the presence of iron overload in
one-third of 141 adult SCD patients and in 7% of these cases, iron overload was linked
to the cause of death. The pathology of iron overload has been associated with oxidative
stress attributed to rises in plasma malondialdehyde and nitrate, both of which can impair
the glutathione system [25].

5. Limitation

One possible limitation of this study is related to coding and documentation errors
inherent in administrative databases, which could have led to the inadvertent exclusion of
patients who should have been included in our data analysis from the utilized database.
Another limitation pertains to the incompleteness of patient-specific characteristics, such
as individual laboratory results, imaging findings, medications, and social history. Using
the NIS database, we are unfortunately unable to stratify patients based on the severity of
their diagnosis or laboratory values. Additionally, the dataset available to us only covered
the year 2020, limiting our study to short-term outcomes (<1 year). Furthermore, our data
were limited in that we could not ascertain the etiologies of certain diagnoses.

Furthermore, the multivariate regression models utilized in this study may have been
impacted by multicollinearity or influenced by one of the included covariates, potentially
affecting the robustness of our findings.

Despite these limitations, we benefit from a large sample size, which provides our
study with good statistical power, allowing for the generalization of our findings to a
broader population. However, it is essential to acknowledge that, despite efforts to min-
imize potential confounders outlined in the Section 2, unaccounted for variables may
still impact the findings. Moreover, akin to any observational study, this investigation
was susceptible to selection bias and unmeasured biases. Although we endeavored to
address allocation bias through multivariable analysis, the possibility of biases cannot be
entirely eliminated.

6. Conclusions

In conclusion, our study contributes valuable insight into the clinical characteristics
and outcomes of patients admitted for ACS with a diagnosis of SCD. Patients with SCD
and ACS were found to have a higher prevalence of coronary dissection, while decreased
lengths of stay had no accompanying significant difference in mortality. It reaffirmed
known correlations, including those of socioeconomic status, race, and gender, in those
with sickle cell disease. Our study also further reinforced the link between the sickle cell
population and the increased prevalence of hypertension, drug abuse, and chronic lung
diseases. With disease processes as ubiquitous as sickle cell and acute coronary syndrome,
further research should be conducted to better understand the impact of this interplay. This
is further underscored by the incidence of sickle cell disease continuing to increase. Despite
advancements in care aiming to decrease mortality among SCD patients, there has been
a notable rise in vaso-occlusive events as patients age, which have a pronounced impact
on the cardiovascular system. Additional investigations of this interplay could provide
valuable insights into the progression, treatment, and management of SCD.
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