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ARTICLE INFO ABSTRACT

Keywords: Purpose: To investigate the evolution of COVID-19 patient characteristics and multiorgan injury
Omicron across the pandemic.

SARS'CO‘S_Z o Methods: This retrospective cohort study consisted of 40,387 individuals tested positive for SARS-
Acute cardiac injury CoV-2 in the Montefiore Health System in Bronx, NY, between March 2020 and February 2022, of

Acute kidney injur
Y injury which 11,306 were hospitalized. Creatinine, troponin, and alanine aminotransferase were used to

define acute kidney injury (AKI), acute cardiac injury (ACI) and acute liver injury, respectively.
Demographics, comorbidities, emergency department visits, hospitalization, intensive care utili-
zation, and mortality were analyzed across the pandemic.

Results: COVID-19 positive cases, emergency department visits, hospitalization and mortality rate
showed four distinct waves with a large first wave in April 2020, two small (Alpha and Delta)
waves, and a large Omicron wave in December 2021. Omicron was more infectious but less lethal
(p = 0.05). Among hospitalized COVID-19 patients, age decreased (p = 0.014), female percentage
increased (p = 0.023), Hispanic (p = 0.028) and non-Hispanic Black (p = 0.05) percentages
decreased, and patients with pre-existing diabetes (p = 0.002) and hypertension (p = 0.04)
decreased across the pandemic. More than half (53.1%) of hospitalized patients had major organ
injury. Patients with AKI, ACI and its combinations were older, more likely males, had more
comorbidities, and consisted more of non-Hispanic Black and Hispanic patients (p = 0.005).
Patients with AKI and its combinations had 4-9 times higher adjusted risk of mortality than those
without.

Conclusions: There were shifts in demographics toward younger age and proportionally more
females with COVID-19 across the pandemic. While the overall trend showed improved clinical
outcomes, a substantial number of COVID-19 patients developed multi-organ injuries over time.
These findings could bring awareness to at-risk patients for long-term organ injuries and help to
better inform public policy and outreach initiatives.
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1. Introduction

Two years into the Coronavirus disease 2019 (COVID-19) pandemic [1-3], close to half a billion individuals have been infected and
over 6 million have died from COVID-19 disease world-wide (http://www.coronvirus.jhu.edu/, March 22, 2022). In the United States,
SARS-CoV-2 have infected over 80 million individuals and killed close to a million. COVID-19 disease imposes a heavy health and
socioeconomic burden [4] and exacerbates health and healthcare disparities [5-7].

The COVID-19 pandemic has evolved considerably with multiple waves of infection driven by new variants. The compositions of
age, sex, race/ethnicity, comorbidities, multiorgan injury, hospitalization, critical care utilization, and mortality rate have changed
substantially across the pandemic [8,9]. In addition, there have been remarkable progress made in effective treatments and vaccines,
as well as in public health measures (i.e., wearing masks, social distancing, etc.) [10] to improve outcomes and curb the spread of
infection. A few studies have suggested that COVID-19 disproportionally affects racial and ethnic minority groups [5,11]. Living
conditions, household density, occupational exposure, and access to quality care, among others may contribute to racial disparities in
increased susceptibility to SARS-CoV-2 infection and worse outcomes [12-15]. Many of the studies to date involved patients early in
the COVID-19 pandemic. Studies that evaluated COVID-19 patient characteristics, risk factors, incidences of multiple organ injuries
and clinical outcomes across the pandemic to date are sparse [16-18]. Improved understanding of COVID-19 patient characteristics
across the pandemic could help to better manage future COVID-19 disease, inform public policy and outreach initiatives.

The purpose of this work was to investigate the characteristics of COVID-19 patients with multiorgan injury and clinical outcomes
across the COVID-19 pandemic in a large academic health system in the Bronx, New York.

2. Methods
2.1. Data source

This retrospective cohort study was approved by the Einstein-Montefiore Institutional Review Board with a waiver for informed
consent (#2021-13658). The data comes from the Montefiore Health System, one of the largest academic healthcare systems in New
York City with multiple hospitals and clinics located in the Bronx, the lower Hudson Valley, and Westchester County serving a large,
low-income, and racially and ethnically diverse population that was hit hard by COVID-19 early in the pandemic [9,19]. Health data
were searched and extracted as described previously [9,20-25] via the Observational Medical Outcomes Partnership (OMOP) Com-
mon Data Model (CDM) version 6. OMOP CDM represents healthcare data from diverse sources, which are stored in standard vo-
cabulary concepts [26], allowing for the systematic analysis of disparate observational databases, including data from the electronic
medical record system, administrative claims, and disease classifications systems (e.g., ICD-10, SNOWMED, LOINC, etc.). ATLAS, a
web-based tool developed by the Observational Health Data Sciences and Informatics (OHDSI) community that enables navigation of
patient-level, observational data in the CDM format, was used to search vocabulary concepts and facilitate cohort building. Data were
subsequently exported and queried as SQLite database files using the DB Browser for SQLite (version 3.12.0). To ensure data accuracy,
our team performed extensive cross validation of all major variables extracted by manual chart reviews on subsets of patients [9,
20-25].

From March 11, 2020, to February 20, 2022, there were 40,387 individuals who tested positive for SARS-CoV-2 by polymerase
chain reaction, of which 11,306 were hospitalized and included in this study. Demographics, comorbidities, and primary outcomes
(unadjusted mortality and covariate-adjusted mortality odds ratios) were tabulated. Demographic data included age, sex, ethnicity,
and race. Chronic comorbidities included obesity, diabetes, congestive heart failure, chronic kidney disease (CKD), coronary artery
disease (CAD), hypertension, chronic obstructive pulmonary disease (COPD) and asthma. Clinical laboratory tests included creatinine
(Cr), Troponin-T (TNT), alanine aminotransferase (ALT), and aspartate aminotransferase (AST) that were used to define organ injuries
(see below for definitions of organ injuries). Other data analyzed include emergency department (ED) visits, hospitalization, ICU
admission, anticoagulant use, and steroid use.

2.2. Definitions of organ injuries

AKI was defined using KDIGO criteria either as a 0.3 mg/dl increase in serum creatinine within 48 h or a 1.5x increase in serum
creatinine within a 7-day iterative window [27-30]. Approximately 57% of patients had preexisting creatinine baseline values prior to
hospitalization with COVID-19. For patients who did not have creatinine baseline values, the baseline creatinine was defined as the
lowest creatinine value during hospitalization [31,32]. ACI was defined as a serum troponin T (TNT) level above the 99th percentile
upper reference limit (>0.014 ng/mL) any time during hospitalization [30,33-36]. ALI was defined as ALT >1 ULN [>40 U/L] and
AST>1 ULN [>35 U/L] were considered to have liver injury [37-41]. These definitions were applied to any time during hospitali-
zation. In this work, the term “no injury (NI)” is used to refer to individuals with COVID-19 who did not experience AKI, ACI and/or ALI
during hospitalization. The average and standard deviation values of creatinine, troponin, alanine aminotransferase and aspartate
aminotransferase used to triage cases were 1.49 + 1.60 mg/dl, 0.38 + 2.79 ng/ml, 61.4 + 238.9 U/L, 71.1 + 398.2 U/L.

2.3. Data analysis

For all COVID-19 patients, monthly incidences were plotted in absolute counts and percentages for: i) COVID-19 positive cases; ii)
COVID-19-related ED visits, hospitalization, and ICU admission; and iii) mortality. Monthly incidences of hospitalized and non-
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hospitalized COVID-19 patients separated by pediatric (<21 years old) and adults were also plotted.

For hospitalized patients, monthly incidences were plotted in absolute counts and percentages for: i) any injury (AKI, ACI and/or
ALI), individual organ injuries, and mortality; ii) anticoagulant and steroid uses; and iii) demographics and comorbidities.

Patients were grouped and tabulated into NI, AKI, ALI, ACI, AKI + ALI, ACI + AKI, ACI + ALI, ACI + AKI + ALI (mutually
exclusive). Demographics, comorbidities, mortality rates, and mortality odds ratios adjusted for age and sex were tabulated for each
injury group. Whether certain race and ethnicity were overrepresented in each organ injury group were analyzed by comparing with
the percentage of each race and ethnicity to relative percent of each injury group. We also quantified the percent of patients with AKI,
ACI and ALI (not mutually exclusive).

2.4. Statistical analysis

Age, expressed as median (interquartile range, IQR), was compared between groups using the Kruskall-Wallis test. Group differ-
ences in categorical variables (race, ethnicity, comorbidities) were tested using y? tests. In addition to unadjusted mortality rate (%),
logistic regression with covariate-adjusted odds ratios (aOR) and 95% confidence intervals (CI) for mortality were estimated for each
organ injury group with NI as the reference group. Trends of some demographic and comorbidity variables across the pandemic were
evaluated using linear regression. Two-sided p-values <0.05 were considered statistically significant.

3. Results
3.1. COVID-19 positive cases, ED visits, hospitalization, ICU admission, and mortality

Between March 11, 2020, to February 20, 2022, there were 40,387 individuals who tested positive for SARS-CoV-2. There were 4
distinct waves. The first wave peaked in April 2020, a second wave peaked in December 2020 (Alpha variant), a third small wave
peaked in August 2021 (Delta variant), and a disproportionally large fourth wave peaked in January 2022 (Omicron variant) (Fig. 1A).
Note that partial month data for February 2022 were not plotted. COVID-19 positive cases largely returned to baseline in late Feb 2022
in our catchment area.

Trends in absolute and relative ED visits and hospitalization showed similar patterns across the pandemic (Fig. 1B). Although ED
visits were high during Omicron, there was relatively low hospitalization. ICU admissions were relatively constant. The absolute
mortality count was high during the first wave, dropped substantially after, rose during the Alpha wave, did not rise substantially
during the Delta wave, and rose again during the Omicron wave (Fig. 1C). In percentage, mortality rate was lowest in the Omicron
wave.

Fig. 2 shows the monthly incidences of non-hospitalized and hospitalized patients for adult and pediatric COVID-19 patients.
Pediatric (<21 years old) cases were highest in the Omicron wave. Hospitalization trends for pediatric patients were relatively low
compared to adults. There was a significant increase in pediatric hospitalization during Omicron.
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Fig. 1. (A) Monthly counts of COVID-19 positivity cases, (B) monthly count and percentage relative to COVID-19 positivity cases for ED visits,
hospitalization, intensive care unit (ICU), and (C) monthly count and percentage relative to COVID-19 positivity cases for mortality of all COVID-
19 patients.



J.Y. Lu et al. Heliyon 9 (2023) e15277

(A) Adult Patients (B) Pediatric Patients
7000 1800
Hospitalized
6000 ® Hospitalized 1600 ® Non-Hospitalized
5000 m Non-Hospitalized 1400
1200
4000 1000
3000 800
2000 600
400
1000 f I I i I 200
0 Eae=xl | —1 I 0 == = = = = = = =mBBER. _mwBaanm
Mar Jun Sep Dec Mar Jun Sep Dec Mar Jun Sep Dec Mar Jun Sep Dec
Months 2020 to 2022 Months 2020 to 2022

Fig. 2. Monthly counts of hospitalized and non-hospitalized patients for (A) adult and (B) pediatric (<21 years old) COVID-19 positive patients.

3.2. Incidence of organ injuries of hospitalized COVID-19 patients

Between March 11, 2020, and February 20, 2022, there were 11,306 hospitalized COVID-19 patients. Fig. 3A depicts the incidence
of organ injury in hospitalized patients, which followed a similar trend as COVID-19 positive patients. In percentages of hospitalized
COVID-19 patients, the incidence of organ injuries ranged from 45% to 70% with large fluctuations and relatively low incidence in the
Omicron wave.

Fig. 3B shows the absolute and relative compositions of individual organ injuries. In absolute counts, incidences followed similar
patterns as COVID-19 positive case counts, with ACI counts being the highest in all 4 waves, followed by ACI + AKI. AKI counts were
high during the first wave but dropped in subsequent waves. In relative counts, AKI + ACI incidence was highest during the first wave
but dropped in subsequent waves (p < 0.05), AKI and ACI rose and became more dominant towards a later phase of the pandemic. The
incidence of all other organ injuries remained low and relatively constant across the pandemic.

3.3. Anticoagulant and steroid treatment of hospitalized COVID-19 patients

Supplemental Figure 1 shows the percentages of hospitalized COVID-19 patients treated with anticoagulant and steroid drugs. On
average, 48 + 13% of patients received anticoagulants, which peaked during the first wave, again during the Delta and Omicron
waves, but did not peak during the Alpha wave. Steroid usage was relatively constant across the pandemic averaging 26 + 8% of
hospitalized COVID-19 patients.
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Fig. 3. Monthly counts and percentages for (A) any organ injury and (B) individual injury groups of hospitalized COVID-19 patients. AKI: acute
kidney injury, ALL acute liver injury, ACIL: acute cardiac injury.
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Fig. 4. Monthly mortality in percentage of (A) all hospitalized COVID-19 patients, and (B) those with hypertension and diabetes.
3.4. Demographics and comorbidities across the pandemic in hospitalized patients

Supplemental Figure 2A shows trends for age, female sex, Black/African American patients, and Hispanic patients among those
hospitalized for COVID-19 across the pandemic. The average age decreased over time (slope = —0.96, R? = 0.25, p = 0.014). The % of
female was low early in the pandemic but increased slowly across the pandemic (slope = 0.78, R? = 0.22, p = 0.023). The % of
Hispanic patients was low early in the pandemic, rose substantially around Jun 2020, and decreased steady thereafter (slope = —0.63,
R? = 0.63, p = 0.0001, fitting data from Jun 2020 forward). The % of Black/African American patients dropped after the initial wave
early on (p < 0.05) but rose slightly and plateaued.

Supplemental Figure 2B shows the compositions of comorbidities of hospitalized COVID-19 patients across the pandemic. Inci-
dence of hypertension decreased steadily across the pandemic from 45% to 30% (slope = —0.45, R% = 0.19, p = 0.04) and incidence of
diabetes also decreased steadily across the pandemic from 38% to 28% (slope = —0.71, R? = 0.36, p = 0.002). The other comorbidities
(obesity, CKD, CAD, HF and COPD), which were comparatively less prevalent, remained relatively constant across the pandemic.

The mortality rate of hospitalized COVID-19 patients was high during the first wave in April and May 2020 (~35%), dropped to
~10% thereafter, did not peak during the Alpha wave, but peaked during the Delta wave (Fig. 4A). Mortality rate of hospitalized
patients was low during the Omicron wave. Note that the overall mortality rates of hospitalized-only patients were higher than those of
all COVID-19 positive patients (Fig. 1C). Mortality rate of hospitalized COVID-19 patients with pre-existing diabetes and hypertension
markedly decreased across the pandemic (p < 0.05) (Fig. 4B).

3.5. Demographics and comorbidities of hospitalized COVID-19 patients

Table 1 summarizes the incidence, demographics, comorbidities, mortality and adjusted mortality odds ratios for different organ
injury groups of hospitalized COVID-19 patients. The incidence of NI, AKI, ALI, ACI, AKI + ALI, ACI + AKI, ACI + ALI, ACI + AKI + ALI,
were, respectively, 46.9%, 11.2%, 4.6%, 14.7%, 2.3%, 14.6%, 2%, and 3.6% (mutually exclusive). There were 31.7% who had AKI,
34.9% had ACI and 12.5% had ALI (not mutually exclusive).

Hospitalized COVID-19 patients in every organ injury group were older than those in the NI group (p < 0.0001), with ACI + AKI,
ACI and ACI + AKI + ALI group being the oldest (74, 73 and 70 years old, respectively). All organ injury groups had fewer females (p <
0.0001).

By comparing the percentages of race and ethnicity versus the percentages of each injury group, we found non-Hispanic Black
patients were overrepresented in most organ injury groups (AKI, ACI, ACI + AKI and ACI + ALI) as compared to the NI group (p <
0.05). Conversely, Black patients were underrepresented in the ALI group (p < 0.05) and ACI + AKI + ALI groups (p < 0.05). In
contrast, non-Hispanic White patients were not overrepresented in any of the organ injury groups as compared to the NI group (p >
0.05).

All organ injury groups, except ALI and ALI + AKI, had significantly more diabetes, congestive heart failure, CKD, hypertension,
and coronary artery disease compared to the NI group among hospitalized COVID-19 patients (p < 0.05). COPD/asthma and obesity
(except COPD/asthma in the ACI group (p < 0.05)) were not significantly different between injury groups and NI group (p > 0.05).

3.6. In-hospital mortality of hospitalized COVID-19 patients

The unadjusted mortality of hospitalized COVID-19 patients with NI was 6.6%. The unadjusted mortality of hospitalized COVID-19
patients with AKI, ALIL, ACI, AKI + ALI, ACI + AKI, ACI + ALI, ACI + AKI + ALI were 24.2%, 6.5%, 20.5%, 23.2%, 43.3%, 23.7%, and
46.8%, respectively, with the corresponding mortality odds ratios (adjusted for significant comorbidities and demographics) to be
4.03, 0.96, 2.06, 4.12, 6.92, 3.43, and 9.25 relative to the NI group (Table 1).



Table 1

Demographics and comorbidities of NI, AKI, ALI ACI, AKI + LI, ALI + ACI, ACI + AKI and ACI + AKI + ALI groups. Group comparison of categorical variables in frequencies and percentages used chi-
squared test or Fisher exact tests. Group comparison of continuous variables in means and SEMs (standard error of means) used the Mann-Whitney U test. Abbreviation: CKD, chronic kidney disease. All
values are in n (%) unless otherwise specified. Note that all variables shown of all injury groups were significant compared to those of the NI group. *, p < 0.01. **, p < 0.001. ***, p < 0.0001.

Among hospitalized COVID-19 patients (N = 11306), the number of patients with organ injuries

NI

AKI

ALI

ACI

AKI + ALI

ACI + AKI

ACI + ALI

ACI + AKI + ALI

Incidence

Demographics

Age, median (IQR)

Females

Black, not Hispanic (3670, 32.4%)
White, not Hispanic (1324, 11.7%)
other (1681, 14.9%)

Hispanic (4631, 41.0%)
Comorbidities

Diabetes

Congestive Heart Failure

CKD

Hypertension

Coronary artery disease
COPD/Asthma

Obesity

Mortality

Unadjusted mortality rates
Adjusted mortality odds ratios [95% CI]

5303 (46.9%)

59 (43, 75)
2960 (55.8%)
1573 (29.7%)
653 (12.3%)
841 (15.9%)
2236 (42.2%)

1434 (27.0%)
327 (6.2%)
497 (9.4%)
1806 (34.1%)
67 (1.3%)
738 (13.9%)
853 (16.1%)

350 (6.6%)
1

1268 (11.2%)

65 (54, 76)***
630 (49.7%)**
448 (35.3%)**
144 (11.4%)
179 (14.1%)*
497 (39.2%)

467 (36.8%)*
129 (10.2%)*
195 (15.4%)***
520 (41.0%)***
21 (1.7%)

160 (12.6%)
215 (17.0%)

307 (24.2%)***
4.03 [3.37, 4.82]

523 (4.6%)

57 (45, 69)
240 (45.9%)***
128 (24.5%)*
60 (11.5%)

78 (14.9%)
257 (49.1%)*

164 (31.4%)*
31 (5.9%)

38 (7.3%)
182 (34.8%)
4 (0.8%)

72 (13.8%)
93 (17.8%)

34 (6.5%)
0.96 [0.65,1.36]

1661 (14.7%)

73 (64.5, 82.5)***
749 (45.1%)***
596 (35.9%)***
173 (10.4%)

222 (13.4%)*

670 (40.3%)

702 (42.3%
394 (23.7%.
542 (32.6%)***
1011 (60.9%)***
93 (5.6%)***
258 (15.5%)

264 (15.9%)

341 (20.5%)***
2.06 [1.73, 2.46]

259 (2.3%)

63 (52, 74)

103 (39.8%)***
74 (28.6%)

37 (14.3%)

43 (16.6%)

105 (40.5%)

83 (32.0%)
15 (5.8%)
34 (13.1%)
93 (35.9%)
4 (1.5%)
27 (10.4%)
46 (17.8%)

60 (23.2%)***
4.12 [3.00, 5.58]

1652 (14.6%)

74 (65, 83)***
738 (44.7%)%**
616 (37.3%)%**
190 (11.5%)
227 (13.7%)**
619 (37.5%)**

701 (42.4%)*
406 (24.6%)
464 (28.1%)***
884 (53.5%)***
75 (4.5%)***
232 (14.0%)
255 (15.4%)

716 (43.3%)***
6.92 [5.92, 8.11]

228 (2.0%)

66 (58, 74)***
86 (37.7%)***
83 (36.4%)*
17 (7.5%)

30 (13.2%)

98 (43.0%)

121 (53.1%)*
55 (24.1%)
87 (38.2%)***
153 (67.1%)***
13 (5.7%)***
32 (14.0%)

30 (13.2%)

54 (23.7%)***
3.43 [2.38, 4.87]

412 (3.6%)

70 (61, 79)***
143 (34.7%)***
152 (12.1%)*
50 (14.8%)

61 (36.2%)
149 (36.2%)*

176 (42.7%)*
82 (19.9%)
111 (26.9%)***
215 (52.2%)***
17 (4.1%)**

44 (10.7%)

70 (17.0%)

193 (46.8%)***
9.25 [7.21, 11.86]
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4. Discussion

This study investigated the COVID-19 patient characteristics and multiorgan injury across the pandemic. The major findings are: i)
COVID-19 positive cases showed four distinct waves with the Omicron wave being more infectious but less lethal, and infecting more
children compared to the original strain; ii) age, percent male, percent Hispanic and non-Hispanic Black patients, and prevalence of
pre-existing diabetes and hypertension decreased across the pandemic; iii) more than half of hospitalized COVID-19 patients had major
organ injuries, and those with organ injuries were older, more likely males, had more comorbidities, and were overrepresented for non-
Hispanic Black and Hispanic patients; and iv) COVID-19 patients with AKI and its combinations had 4 to 9 times higher covariate-
adjusted risk of mortality than COVID-19 patients without organ injuries.

4.1. Trends across the pandemic

Different coronavirus variants, seasonality, vaccination rate, increased awareness, and health policies, among others, contributed
to the magnitudes of different waves [10]. A significant number of patients who visited the ED were hospitalized. ICU admission was
relatively constant across the pandemic, likely reflecting the maximum ICU capacity assigned for COVID-19 patients [42,43]. The
majority of death occurred during the first wave. There was overall improvement in clinical outcomes in terms of ED visits, hospi-
talization, and mortality rate after the first wave, interrupted by each subsequent surge of infection [44,45]. The Omicron variant was
highly infectious, but mortality rate was relatively low consistent with a previous report [46,47].

Prior to the Omicron wave, pediatric COVID-19 cases were very low. Omicron variant infected comparatively more pediatric
patients, consistent with prior reports [48]. Possible explanations are that schools returned to in-person instruction during the Omicron
wave, kids were vaccinated or received boosters later than adults, or kids were more susceptible to the Omicron variant [49], although
other explanations are possible. Nonetheless, pediatric hospitalization rates during Omicron were low compared to adults.

During the first wave of COVID-19, the highest incidence of organ injuries was a combination of ACI and AKI, suggestive of the
negative impacts of COVID-19 disease on heart and kidney, consistent with prior findings [1-3,23-25,29]. The relative incidence of
ACI + AKI decreased whereas the relative AKI and ACI incidences increased with time.

There were substantial changes in demographics of hospitalized COVID-19 patients across the pandemic. The average age
decreased over time, which might be due to decreased susceptibility of older adults who were being vaccinated and received boosters
first, and infection that spread among younger individuals more easily due to school re-openings and social gatherings [47,50]. The
percent female in the hospitalized cohort increased over time, but the reason is unclear. A few studies have suggested that COVID-19
disproportionally affects minority populations [5,11]. Cultural factors, living conditions, household density, occupational exposure,
and access to quality care, amongst others may contribute to potential COVID-19 outcome disparities [12-15]. We found the pro-
portion of Hispanic and non-Hispanic Black patients decreased over time, which could be due to increased awareness of the disease in
these populations and the vaccination might have a larger impact on these more susceptible populations early in the pandemic.

There was also a substantial decrease in the composition and mortality rate of hospitalized COVID-19 patients with pre-existing
diabetes and hypertension across the pandemic. This could be due to broad availability of COVID-19 vaccines and boosters and
improved management of COVID-19 disease, which were differentially more beneficial to these populations.

4.2. Multiorgan injury

Multiorgan injury is a known major complication of COVID-19, with the most reported organ injuries being acute kidney injury
(AKI), acute cardiac injury (ACI) and acute liver injury (ALI). A few studies have characterized the risk factors and outcomes of AKI
[31,51-56], ACI [57-62] and ALI [38,39], and they have been associated with increased risk of critical illness and mortality in
COVID-19 patients. We found more than half of hospitalized COVID-19 patients showed major organ injury. Although previous studies
have reported organ injuries in COVID-19 patients [31,38,39,51-62], this study is first to compare multiple major organ injuries and
their combinations with respect to other clinical variables such as age, sex, race, ethnicity, comorbidities, and mortality across the
pandemic in a highly diverse population. ACI, AKI and ACI + AKI had the highest incidence rates, suggesting the heart and kidney are
more susceptible to COVID-19 disease. COVID-19 patients with organ injuries were significantly older, more male and had more major
comorbidities compared to hospitalized COVID-19 patients without organ injuries. These are known risk factors of severe COVID-19
disease [1-3,57,58].

Minority and underserved populations are known to have increased susceptibility to SARS-CoV-2 infection [5,11]. Although health
disparity in COVID-19 outcomes in general has been reported previously [24], this is the first study that showed Hispanic and Black
patients were more susceptible to multiorgan injuries.

COVID-19 patients with AKI, ACI and their combinations were much more likely to die. Our mortality risk estimates of patients
with AKI, ACI and ALI separately are consistent with the literature [31,38,39,51-62]. However, there are no studies that compared
mortality risk of combined major organ injuries in a large diverse cohort. Hospitalized COVID-19 patients with AKI and its combi-
nations and patients with multiple organ injuries generally had higher risk of mortality than COVID-19 patients without organ injuries.
This underscores the importance of identifying patients with AKI and ACI during COVID-19 hospitalization and follow up care.
Hospitalized COVID-19 patients with ALI did not have increased mortality risk as compared to those without organ injuries. ALI has
been previously reported to be not significantly associated with increased mortality odds ratio, although more severe ALI have been
shown to be associated with higher mortality odds ratio [38,39]. Incident rate of ALI is relatively low [38,39].

Mechanisms of organ injuries include direct and indirect effects of SARS-CoV-2 infection. SARS-CoV-2 could directly infect cells
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within these organs via the ACE2 receptors. Indirect effects could result from hypoxemia, cytokine storm, hyperinflammation, sepsis,
ARDS, among others [1-3,57,58]. Previous studies have reported that, following COVID-19 hospitalization, ACI develops early on in
the first 24 h [36], AKI after 3 days [24,30], and ALI after 7 days [39]. These observations suggest that ACI and AKI may be directly
affected by the SARS-CoV-2 virus, whereas ALI might be associated with secondary, treatment effects (such as antiviral, antibacterial
or other medications). Previous studies found that most COVID-19 patients with ALI recovered 2.5 months after hospitalization [39],
whereas most patients with ACI required longer recovery time [36]. These findings suggest that liver might recover well associated
with COVID-19 disease.

4.3. Limitations

Our study has several limitations. During acute COVID-19 management, laboratory tests were limited and did not include all
necessary workups to make complete diagnosis, often precluding definitive diagnosis of secondary organ damages or disorders. We
made use of readily available laboratory data on most patients. Thus, the classifications of ACI, AKI, and ALI based on TNT, Cr, ALT,
respectively, have limitations because some laboratory markers were not specific the organ injury (i.e., NTproBNP is more specific to
cardiac injury compared to TNT but NTproBNP are not available for most patients). More vigorous definitions and follow-up diagnosis
of organ injuries would be needed. Moreover, changes of these laboratory variables might be more informative. However, many
patients did not have pre COVID-19 laboratory data in our health system.

We only assumed that the COVID-19 waves were associated with certain variants and there were likely some mixtures of multiple
variants in each wave. Although the Omicron wave returned to baseline in mid-January 2022, some patients were still in the hospitals
and their mortality associated with the Omicron wave were not yet known. Our catchment area consisted of a large proportion of
Hispanic and Black patients compared to other race and ethnicity groups, thus comparisons whether they were more susceptible to
worse outcomes need to be interpreted with caution. We did not investigate the effect of vaccination as vaccination status is chal-
lenging to documented. This is a descriptive retrospective study that could not address the underlying cause of organ injuries. As with
any retrospective study, there could be unintended patient selection bias and unaccounted confounders.

5. Conclusions

More than half of hospitalized COVID-19 patients had organ injury, and they were older, more likely males, had more comor-
bidities, and were overrepresented by non-Hispanic Black and Hispanic patients. Patients with AKI, ACI and its combinations were
more likely to have worse outcomes. There were improved clinical outcomes, lower incidence of organ injuries, younger age and more
female across the pandemic. These findings bring awareness to monitor at-risk patients post COVID-19 to prevent or minimize long-
term organ damages and complications. These findings could also help could help to better manage future COVID-19 disease, inform
public policy and outreach initiatives.
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