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Abstract

Background: The implications of COVID on anemia patients have expressed concerns because many of these individuals already have weakened
immune systems and are more susceptible to severe illness. Our research aimed to comprehensively explore the multifaceted impact of COVID-19
on patients admitted for anemia and the adverse outcomes associated with it.

Methods: We searched the National Inpatient Sample 2020 using ICD 10 codes to identify patients hospitalized with a primary discharge
diagnosis of anemia, with or without a secondary diagnosis of COVID infection. A weighted sample was employed to determine baseline patient
characteristics. A multivariate regression model was used to estimate primary and secondary outcomes.

Results: Among the 147165 patients admitted with anemia, 2290 had the concurrent diagnosis of COVID. Higher rates of mortality were noted
among patients with COVID infection as compared to those without COVID. Length of stay was significantly increased in COVID patients, 5.10 days
vs. 3.38 days, but hospitalization costs didn’t significantly rise. COVID patients had higher odds of GI bleeding but lower EGD and colonoscopy
rates, including the procedures to control active GI bleeding. COVID patients were more likely to develop acute respiratory failure, but there was
no statistically significant difference between the two groups regarding mechanical ventilation or ICU admission.

Conclusion: In conclusion, our data indicated that concurrent COVID infection in patients hospitalized with anemia could lead to increased
mortality risk, higher rates of GI bleeding, acute respiratory failure, and longer hospital stays.

Keywords: Anemia, COVID, National Inpatient sample; NIS; Anemia COVID

Introduction

The global pandemic caused by COVID-19 has affected
a staggering number of individuals, with over 760 million
people worldwide infected as of March 2023 and more than
6.8 million fatalities recorded [1]. The illness presents itself in
varying degrees, ranging from asymptomatic cases to those that
resemble the flu, while others develop severe acute respiratory
distress syndrome (SARS-CoV-2). Hematologic manifestations
observed in COVID-19 patients include but are not limited to
anemia, thrombocytopenia, coagulopathy, lymphopenia, elevated
ferritin levels, and elevated D-dimers; however, this article will
concentrate on anemia specifically and the outcomes associated
with concomitant COVID-19 infection.

Studies have suggested that COVID-19 could negatively affect
the course of anemia in hospitalized patients [2-4]. The study
focuses on evaluating the clinical outcomes of COVID infection in
patients hospitalized with anemia. It takes into consideration how
the spread of COVID-19 may have impacted access to healthcare
for these vulnerable groups and offers insights into potential
avenues for improving care delivery during pandemics in the
future.

Materials and Methods

In our retrospective cohort study, we aimed to identify adult
patients who were hospitalized with a primary diagnosis of anemia.
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To obtain relevant data, we expanded our research by utilizing the
National Inpatient Sample for 2019. The National (Nationwide)
Inpatient Sample (NIS) is a database that provides valuable
insights into inpatient discharge data for the US population.
The significance of this database is undeniable, given that it
encompasses over 98% of the entire US population and almost
1,000 hospitals across the country. It includes discharges from
community hospitals, excluding those concerning rehabilitation
and long-term acute cases.

Table 1: ICD 10 codes of all disease conditions mentioned in the text.

Inclusion criteria included patients aged 18 years and older
who were hospitalized with the primary discharge diagnosis of
anemia, and they were separated into two categories based on the
presence or absence of COVID-19 virus infection. The diagnosis
and procedures were identified using commonly employed
coding programs such as ICD-10-CM and PCS classifications.
The comprehensive list of ICD-10 codes used in this study can
be viewed in detail by referring to Table 1. Patient and hospital
characteristics, along with the comorbidities in both groups, were
recorded.

D64.9, D64.81, D64.4, D64.2, D64.1, D64.0, D63.8, D63.1, D63.0, D63, D62, D61.9, D61.3, D61.2, D61.1, D61.09,

Anemia D61.0, D59.9, D59.2, D59.0, D59, D58.9, D55.9, D55.3, D55.2, D55.1, D55.0, D55, D53.9, D53.2, D53.0, D52.9, D52.1,
D52.0,D52,D51.9,D51.3,D51.1, D51.0, D51, D50.9, D50.0, D50, D46.4, D46.2, D46.1, D46.0
COVID U07.1,]J12.89, B97.29,]208, J22,]98.8, ]80, U00, U49, U50, U85
Hypertension 110,115,115.0,115.1,115.2,115.8,115.9

Diabetes Mellitus

E10x, E11x

Fluid and Electrolyte Disorders

E87.0, E87.1, E87.20, E87.21, E87.22, E87.29, E87.3, E87.4, E87.5, E87.6, E87.70, E87.71, E87.79, E87.8, E83.52,
E83.51

CKD stage 2-5, ESRD, CKD

N18.1,N18.2,N18.3,N18.4,N18.5, N18.6, N18.9

EGD/Colonoscopy

unspecified
GI Bleed K92.0,K92.1,K92.2, K92.81, K92.89
EGD 0DJ08ZZ
Colonoscopy 0DJD8ZZ
Control of Active GI Bleed via OW3P8ZZ

Acute Respiratory Failure

]96.0,]96.00,]96.01,]96.02

Invasive Mechanical Ventilation

5A1935Z, 5A1945Z, 5A1955Z, 5A09357, 5A09457, 5A09557

ICU admission

5A1935Z, 5A1945Z, 5A1955Z, 5A09357, 5A09457, 5A09557, 3E030XZ, 3E033XZ, 3E040XZ, 3E043XZ, 3E050XZ,
3E053XZ, 3E060XZ, 3E063XZ, 5A1223Z, 03HC3DZ, 03HB3DZ, 04HL3DZ, 04HK3DZ, 06HN33Z, 06HM33Z,
05H633Z, 05H533Z, 05SHM33Z, 05HN33Z

Cardiac Arrest

146.2,146.8,146.9

Acute Kidney Injury

N17.0,N17.1,N17.2,N17.8,N17.9

Acute Venous Thromboembo-

182.210,182.220,182.290, 182.401, 182.402, 182.403, 182.409, 182.411, 182.412, 182.413, 182.419, 182.421, 182.422,
182.423,182.429,182.431,182.432,182.433,182.439, 182.441, 182.442, 182.443, 182.449, 182.491, 182.492, 182.493,
182.499,182.4Y1,182.4Y2,182.4Y3, 182.4Y9, 182.471, 182.4Z2, 182.4Z3, 182.479, 182.601, 182.602, 182.603, 182.609,

lism 182.611,182.612,182.613,182.619, 182.621, 182.622, 182.623, 182.629, 182.890, 182.90, 182.A11, 182.A12, 182.A13,
182.A19,182.B11, 182.B12,182.B13, 182.B19, 182.C11, 182.C12, 182.C13, 182.C19, 126.01, 126.09, 126.90, 126.99
Sepsis A02.1,A22.7,A26.7, A32.7, A40.0, A40.1, A40.3, A40.8, A40.9, A41.1, A41.2, A41.3, A41.4, A41.50, A41.51, A41.52,

A41.53,A41.59, A41.81, A41.89, A41.9, A42.7, A54.86, B37.7 ,R65.20, R65.21

The primary outcome was comparing mortality as a metric
of clinical severity among patients hospitalized with anemia
depending on the presence or absence of COVID-19 virus
infection. Secondary outcomes included length of stay, upper
Gl endoscopy, colonoscopy, invasive mechanical ventilation,
ICU admission, and hospital expenditure incurred as a gauge of
healthcare resource utilization amongst both groups, as well as
GI bleeding, acute respiratory failure, acute kidney injury, sepsis,
venous thromboembolism, and cardiac arrest as measures of
complications during the hospital stay.

Stata® (Statistics and Data) Version 17 BE software
(StataCorp, Texas, USA) was used for data analysis. In the study,
several rigorous statistical methods were employed to ensure
accurate and reliable results. We utilized weighted samples for
national estimates as per HCUP regulations when analyzing the NIS
database. By using this approach, it was ensured that the findings
would be representative of the entire population under study.
Patients’ demographics and comorbidities were calculated as
proportions of the cohort, giving a more in-depth understanding of
how prevalent they were among different subgroups. To compare
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the association between COVID-19 and non-COVID-19 subgroups,
researchers used the Chi-squared test, a widely accepted method
for testing associations between categorical variables. Similarly,
the Student’s t-test was used to compare continuous variables
between the two groups. Furthermore, multivariate regression
analysis was applied to adjust for possible confounders when
calculating both primary and secondary outcomes. Significance
thresholds were set at p0.05 during regression analysis, offering

an additional layer of validation. Finally, the odds ratios derived
from this comprehensive methodology provide valuable insights
into how various factors contribute either positively or negatively
toward overall health status and outcomes.

The studies using NIS are not subject to the Institutional
Review Board as it does not contain patient identifiers or
identifiable hospital or state information, in compliance with
HIPAA regulations to protect patient anonymity.

Table 2: Demographic data and comparison of baseline patient characteristics of anemia patients with and without COVID infection.

Anemia without COVID Anemia with COVID P-Value
No. of Patients 144875 2290
Patient Characteristics
Gender (%) P=0.770
Male 55400 (38.24) 860 (37.55)
Female 89475 (61.76) 1430 (62.45)
Age
Mean Age (SD) 66.54(17.02) 65.94 (17.10) P =0.449
Age Distribution (%) P=0.299
18-35 8591 (5.93) 115 (5.02)
36-45 11576 (7.99) 235(10.26)
46-64 35987 (24.84) 570 (24.89)
65 & above 88721 (61.24) 1370 (59.83)
Race (%) P<0.001
White 94821 (65.45) 1227 (53.6)
Black 30351 (20.95) 643 (28.07)
Hispanic 15342 (10.59) 345 (15.08)
Other 4361 (3.01) 74 (3.25)
Median household income nat(i((:/:l)al quartile for patient zip code P=0151
$1-$49,999 48939 (33.78) 878 (38.33)
$50,000-$64,999 39580 (27.32) 560 (24.45)
$65,000-$85,999 31554 (21.78) 510 (22.25)
>$86,000 24803 (17.12) 343 (14.98)
Charlson comorbidity index (%) P=0.007
0 29395 (20.29) 420 (18.34)
1 26135 (18.04) 345 (15.07)
2 23267 (16.06) 295 (12.88)
3 or more 66077 (45.61) 1230 (53.71)
Insurance Provider (%) P=0.028
Medicare 93068 (64.24) 1474 (64.38)
Medicaid 18921 (13.06) 366 (15.98)
Private 25643 (17.7) 303 (13.24)
Uninsured 7244 (5) 146 (6.39)
Comorbidities (%)
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Hypertension 47244 (32.61) 590 (25.76) P=0.002
Diabetes Mellitus 36537 (25.22) 690 (30.13) P=0.017
Fluid and Electrolyte Disorders 39058 (26.96) 680 (29.69) P=0.171
Chronic Kidney Disease
Stage 2 1681 (1.16) 30 (1.31) P=0.764
Stage 3 13937 (9.62) 150 (6.55) P=0.031
Stage 4 5911 (4.08) 150 (6.55) P=0.008
Stage 5 884 (0.61) 25 (1.09) P =0.182
ESRD 7664 (5.29) 210 (9.17) P <0.001
Unspecified 7374 (5.09) 140 (6.11) P =0.322
Hyperlipidemia (HLD) 55864 (38.56) 935 (40.83) P=0.320
Discharge Disposition (%) P =0.889
Home 109076 (75.29) 1689 (73.74)
Home with home health 27830 (19.21) 478 (20.88)
Skilled nursing facility 3144 (2.17) 54 (2.36)
Against Medical Advice 4824 (3.33) 69 (3.03)
Hospital characteristics (%)
Bed size of hospital (STRATA) P =0.454
Small 38247 (26.4) 580 (25.33)
Medium 44448 (30.68) 660 (28.82)
Large 62180 (42.92) 1050 (45.85)
Hospital location P=0.070
Rural 16240 (11.21) 195 (8.52)
Urban 128635 (88.79) 2095 (91.48)
Hospital Teaching Status P=0.015
Non-teaching hospital 45375 (31.32) 595 (25.98)
Teaching hospital 99500 (68.68) 1695 (74.02)
Region of hospital P=0.120
Northeast 27946 (19.29) 485 (21.18)
Midwest 29598 (20.43) 490 (21.4)
South 65759 (45.39) 1065 (46.51)
West 21572 (14.89) 250 (10.92)

SD: Standard Deviation.
Results
Baseline characteristics of the study population

A total of 147,165 weighted hospitalizations with anemia
were included in the study. 144,875 (98%) patients were without
COVID-19 virus infection, and 2,290 (1.55%) had a secondary
diagnosis of COVID-19 infection. Caucasians (65.5% vs. 53.6%)
were more prevalent in the non-COVID-19 group, whereas African
Americans (28.07% vs. 20.95%) and Hispanics (15.08% vs.
10.59%) were more prevalent in the COVID-19 group, P<0.001. A
larger proportion of COVID-19 patients had a Charlson Index of
>=3 (53.71% vs. 45.61%), P = 0.007. Similarly, a larger proportion
of COVID-19 patients were uninsured (6.39% vs. 5%), and the

non-COVID-19 patients tended to have more private insurance
(17.7% vs. 13.24%), P = 0.028. A large proportion of COVID-19
patients were admitted to teaching hospitals as compared to
non-COVID-19 patients (74.02 vs. 68.68%), P = 0.015. Table 2
summarizes the detailed baseline characteristics of both groups.

Primary outcomes

After carefully accounting for potential confounding variables,
such as baseline characteristics, comorbidities, and hospital
characteristics in our analysis, the mortality rate (the primary
outcome) was significantly higher (3.49% vs. 0.87%) among
patients who were found to have concomitant COVID-19 infection
as compared to the non-COVID-19 group with the adjusted odds
ratio of 4.32,95% CI (2.58- 7.21), P< 0.001 (Table 3).
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Table 3: Comparison of primary and secondary outcomes in anemia patients with and without COVID infection.

Outcomes Anzg‘i/?];/v (i:/t: )0 ut Aél 5‘1;::;1 (v:Ath)h Unigislg:gg OR P-value aOR (95% CI) P-value
Primary outcome
In-hospital mortality 0.87 3.49 4.12(2.49) P<0.001 4.32(2.58-7.21) P<0.001
Secondary outcomes

GI Bleed 14.82 21.83 1.61(1.29- 2.00) P<0.001 1.60(1.26-2.03) P<0.001

EGD 11.47 4.15 0.33(0.21- 0.54) P<0.001 0.36(0.22-0.60) P<0.001

Colonoscopy 10.28 3.06 0.28(0.16- 0.47) P<0.001 0.27(0.15-0.49) P<0.001

C‘i}?;rglc‘;)f/‘zitli;’sﬂcg;‘;ed 2.96 0.44 0.14(0.04-0.58) P=0.006 0.08(0.01-0.57) P=0.012

Acute Respiratory Failure 2.8 6.33 2.35(1.59-3.48) P<0.001 2.01(1.32-3.08) P=0.001

Invasive Mechanical Ven- 1.96 2.84 1.46(0.84-2.54) P=0.181 1.23(0.69-2.20) P=0.483
tilation

ICU admission 2.39 3.49 1.47(0.89- 2.45) P=0.129 1.27(0.75-2.16) P=0.376

Cardiac Arrest 0.27 0.44 1.65(.40-6.74) P=0.488 1.53(0.36-6.42) P=0.558

Acute Kidney Injury 19.9 24.67 1.32(1.07-1.63) P=0.010 1.28(1.00-1.64) P=0.046

Venous Thromboembolism 1.83 2.18 1.20(0.64-2.23) P=0.565 1.15(0.60-2.22) P=0.671

Sepsis 0.65 1.31 2.04(0.92-4.56) P=0.081 2.12(0.96-4.67) P=0.061

aOR: Adjusted Odds Ratio; Cl: 95% Confidence Interval; Gl Bleed: Gastrointestinal bleed; EGD: Esophagogastroduodenoscopy / Upper Gastroin-

testinal endoscopy; ICU: Intensive care unit.

Secondary outcomes

In terms of secondary outcomes, COVID-19 was significantly
associated with increased odds of GI bleeding aOR 1.60 (95%
CI 1.26-2.03), P <0.001, and acute respiratory failure aOR 2.01
(95% CI 1.32-3.08), P = 0.001. However, no statistically significant
difference was noted with regard to invasive mechanical ventilation
aOR 1.23 (95% CI 0.69-2.22), P = 0.48; admission to an intensive
care unit aOR 1.27 (95% CI 0.75-2.16), P = 0.38; sepsis aOR 2.12
(95% CI1 0.96-4.67), P = 0.06; venous thromboembolism aOR 1.15
(95% CI 0.60-2.22), P = 0.671; and cardiac arrest aOR 1.53 (95%
CI 0.36-6.42), P = 0.56 (Figure 1). However, surprisingly, the rates

of upper GI endoscopy aOR 0.36 (95% CI 0.22-0.60), P< 0.001,
colonoscopy aOR 0.27 (95% CI 0.15-0.49), P< 0.001, and EGD/
colonoscopy to control active GI bleed aOR 0.08 (95% CI 0.01-
0.57), P = 0.001, were significantly decreased in the COVID-19
patients despite the increased odds of GI bleeding (Table 3).

The length of stay was increased 5.10 days (95% CI: 3.83-
6.38) vs. 3.38 days (3.30-3.46), P< 0.001 in the COVID-19 patients
(Figure 2), and there was no statistically significant difference
in the hospitalization charges between the two groups: 45,116
USD (95% CI: 43,229-47,003) vs. 55,698 USD (95% CI: 39,737~
71,660), P = 0.178 (Table 4).

Table 4: Comparison of length of stay and total hospitalization charges in anemia patients with and without COVID infection.

Anemia without COVID Anemia with COVID P-value

LOS Days (Unadjusted) 3.56(3.51- 3.62) 5.39(4.28- 6.50) P=0.001

LOS Days (Adjusted) 3.38(3.30-3.46) 5.10(3.83- 6.38) P<0.001

Total Charges USD (Unadjusted) 43760(42527-44993) 54782(40720-68845) P=0.123
Total Charges USD (Adjusted) 45116(43229-47003) 55698(39737- 71660) P=0.178

USD: United States Dollar.

Discussion

Anemia refers to a medical condition characterized by reduced
levels of red blood cells or hemoglobin concentration within
the erythrocytes, which hinders efficient oxygen transport via

hemoglobin. Consequently, an insufficient supply of oxygenated
blood reaches various tissues across the body. COVID-19 is a
disease with multi-systemic implications, capable of impacting
not only the respiratory system but also various other organs
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within the body. The presentation of symptoms can differ among
individuals [5]. Pre-existing anemia or anemia upon admission
for a hospitalization related to COVID-19 is associated with
poor outcomes, increased length of hospital stay, and increased
mortality [4,6,7]. Recent studies demonstrated pre-existing
anemia represents a risk factor for severe COVID-19 infection
[8,9]. Additionally, the decreased oxygen delivery to peripheral
tissues seen in patients with anemia leads to a decreased supply
and increased demand on the lungs in COVID-19 pneumonia,
which leads to increases in acute respiratory distress syndrome
(ARDS). COVID-19 infection of the lungs leads to increased oxygen

demand due to respiratory compromise. The exaggerated immune
response and pathogenesis of hematologic disease are caused by
significant elevation in pro-inflammatory markers such as IL-beta,
IL-2, IL-4, IL-10, TNF-alpha, and IFN lambda [10]. Hematologic
manifestations seen in patients with active COVID-19 infections
may improve after the infection subsides, but hematologic
symptoms may run a longer course and become exacerbated
in patients with underlying hematologic disorders, such as
anemia [11]. The implications of COVID-19 on anemic patients
raise concerns because many of these individuals already have
weakened immune systems and are more prone to severe illness.
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COVID-19 implicates multi-organ involvement with different
pathways of injury. Specific to anemia, scientific literature has
pointed out two potential pathophysiological mechanisms:

i. Severe acute respiratory syndrome-coronavirus-2
(SARS-CoV-2) interaction with hemoglobin molecule, through
CD147, CD26, and other receptors located on erythrocyte and/or

blood cell precursors;

il Hepcidin-mimetic action of a viral spike protein, inducing
ferroprotein blockage [12].

Due to pathologic metabolic pathways derived from
hemoglobin denaturation and iron metabolism dysregulation,
hematologic clinical syndromes may follow. These hematologic
clinical syndromes include pulmonary edema based on
arterial vasoconstriction and altered alveoli-capillary barrier,
sideroblastic-like endothelitis, vasospastic
syndrome, and arterio-venous thromboembolism [12]. With
the aforementioned hemoglobin dysfunction and generalized
hypoxic state occurring in patients without the prior hematologic
disorder, the impact of infection of COVID-19 on patients with an
established anemia diagnosis or anemia upon admission warrants
prompt consideration and investigation.

anemia, acro

Emerging research suggests that COVID-19 infection can
increase the likelihood of adverse events in patients with pre-
existing conditions such as anemia. The susceptibility of these
individuals to severe respiratory distress syndrome, coupled
with their compromised immune system function, makes them
particularly vulnerable to complications arising from viral
infections like COVID-19 [13]. In our retrospective analysis,
we found that anemic patients with COVID-19 infections had a
significantly higher mortality rate than those without COVID-19
infections, as this can also be supported by emerging studies that
indicate the mortality rate among this subset of patients has been
significantly higher than that among those without underlying
comorbidities [14]. Patients with both anemia and concomitant
COVID-19 experience a lengthier period of hospitalization, as
evident from our study, suggesting that the impact of COVID-19
is more severe in such cases. This observation highlights the
potential complications associated with simultaneous diagnoses
of these two medical conditions, underscoring the need for prompt
diagnosis and treatment to ensure optimal patient outcomes [8].

Our study additionally demonstrates that the presence of
COVID-19 is linked with a heightened likelihood of experiencing
gastrointestinal bleeding. The association between the virus and
gastrointestinal bleeding highlights the importance of further
academic exploration into COVID-19’s impact on the digestive
system. Research studies have shown that the virus causes
inflammation throughout the body, including within the digestive
system, which may contribute to this risk factor for gastrointestinal
bleeding [15]. But interestingly, the rates of upper gastrointestinal
endoscopy, colonoscopy, and upper and lower gastrointestinal

endoscopic procedures to control active gastrointestinal bleeding
were significantly decreased, as evident from our study. This could
be explained by the significant disruption of healthcare services
due to the unprecedented outbreak of COVID-19. One such area
that has been affected is surgical and endoscopic procedures,
which were being avoided or postponed due to reasons such as
resource scarcity and infection risk [16]. The COVID-19 virus
infection is of significant concern due to its propensity for inducing
severe respiratory failure, which can be particularly problematic
for patients who are already suffering from underlying health
conditions like anemia. Our recent study adds further weight
to this concerning trend by demonstrating that hospitalized
individuals with COVID-19 faced a significantly higher risk of
experiencing acute respiratory failure than those without the
virus. These results demonstrate the crucial need for healthcare
professionals and caregivers to provide comprehensive care and
management tailored to address these vulnerabilities in affected
patients.

One of the most noteworthy attributes of this study was its
ability to delve deeply into demographic data and outcomes
on a vast national level. Furthermore, it employed an advanced
multivariate logistic regression analysis that had the ability to
account for various potentially confounding variables, making it
all the more robust and reliable in terms of findings. However, our
investigation possesses certain inherent constraints that should
be acknowledged. The ICD-10 codes primarily function as billing
tools, hence constraining the clinical information’s sensitivity.
Because the criteria for COVID-19 virus infection were established
using a secondary diagnosis, it is difficult to accurately gauge the
degree of infection within this range.

Conclusion

COVID-19 is a serious, potentially fatal illness that carries a
high risk of morbidity and mortality among hospitalized anemic
patients. Our study indicates that the occurrence of COVID-19 in
individuals with anemia leads to elevated mortality rates or more
unfavorable outcomes during their hospital stay relative to those
without COVID-19 infection. Additionally, COVID-19 can prolong
hospitalization duration while also increasing susceptibility
to other comorbidities like gastrointestinal bleeding or acute
respiratory failure. This study represents a crucial initial step
toward improving our comprehension regarding the influence of
COVID-19 on hospitalized patients suffering from anemia.
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