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Abstract

With the continuing rise of SARS-CoV2 infection globally and the emergence of various
waves in different countries, understanding characteristics of susceptibility to infection, clini-
cal severity, and outcomes remain vital. In this retrospective study, data was extracted for
39,539 patients from the de-identified Mount Sinai Health System COVID-19 database. We
assessed the risk of mortality based on the presence of comorbidities and organ-specific
sequelae in 7,032 CoV2 positive (+) patients. Prevalence of cardiovascular and metabolic
comorbidities was high among SARS-CoV2+ individuals. Diabetes, obesity, coronary artery
disease, hypertension, atrial fibrillation, and heart failure all increased overall mortality risk,
while asthma did not. Ethnicity modified the risk of mortality associated with these comorbidi-
ties. With regards to secondary complications in the setting of infection, individuals with acute
kidney injury and acute myocardial injury showed an increase in mortality risk. Cerebral
infarcts and acute venous thromboembolic events were not associated with increased risk of
mortality. Biomarkers for cardiovascular injury, coagulation, and inflammation were com-
pared between deceased and survived individuals. We found that cardiac and coagulation
biomarkers were elevated and fell beyond normal range more often in deceased patients.
Several, but not all, inflammatory markers evaluated were increased in deceased patients. In
summary, we identified comorbidities and sequelae along with peripheral blood biomarkers
that were associated with elevated clinical severity and poor outcomes in COVID-19 patients.
Overall, these findings detail the granularity of previously reported factors which may impact
susceptibility, clinical severity, and mortality during the course of COVID-19 disease.

Introduction

During the global COVID-19 pandemic, caused by the severe acute respiratory syndrome
Coronavirus 2 (SARS-CoV2), the World Health Organization has reported more than 166
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million confirmed cases of COVID-19 worldwide and 3,459,996 deaths as of May 24th 2021.
Early manifestation of disease is associated with respiratory tract infections causing flu-like
symptoms, which in some individuals may develop into acute respiratory distress syndrome
(ARDS) and acute respiratory failure [1-3]. Although most patients present with mild symp-
toms and good prognosis, some develop severe cardiovascular complications such as coagulo-
pathy, heart failure, acute coronary syndrome, and coronary artery aneurysm [4]. Despite
significant advances made since its emergence, the pathogenesis and clinical features of
COVID-19 and its clinical course remain largely poorly understood. Importantly, there is no
proven effective therapeutics available for the COVID-19 treatment. As part of efforts to con-
trol the adverse effects of COVID-19 disease, numerous studies attempted to identify demo-
graphic modifiers and comorbidities associated with COVID-19 susceptibility and mortality
using limited patient cohorts [2, 4-9].

Many studies have highlighted the prevalence of pre-existing cardiovascular, metabolic,
renal, and pulmonary diseases in patients with more severe cases [10], along with increased
risk of mortality [11]. Multiorgan dysfunction, primarily involving the heart, kidneys, lungs,
and liver, has also been noted [12, 13]. Elevated cardiac, clotting and inflammatory biomarkers
have been observed [14-16]. However, many of these studies have limited cohorts, were con-
ducted on inpatient populations, and were selective of severe cases in assessing the associated
outcomes following SARS-CoV2 infection [2, 4-9].

The role of underlying comorbidities on susceptibility to SARS-CoV-2 infection and the
clinical severity of COVID-19 remains unclear. Given the renewed increase in global incidence
of COVID-19, defining the characteristics that impact susceptibility to SARS-CoV-2 infection,
disease progression, and outcomes remains of great importance. A better understanding of the
evolving epidemiology and clinical spectrum is vital to provide comprehensive guidance with
planning, prioritizing healthcare system resources, and accessibility to appropriate therapies
and follow-up strategies. Our study included outpatients and patients that presented at the
emergency departments throughout the Mount Sinai Hospital System (MSHS) throughout the
New York City area. Therefore, our study presumably includes less severe cases that did not
require hospitalization, and therefore is reflective of the wide clinical course of the disease.

In this study, we aimed to assess mortality in COVID-19 patients with pre-existing comor-
bidities and sequelae using one of the largest de-identified databases. The MSHS COVID-19
database contains records of 7,032 SARS-CoV-2 positive patients (CoV2+) who entered the
health system from 02/28/2020 to 06/08/2020. We further sought to understand whether the
levels of serum biomarkers for cardiovascular injury, coagulation, and inflammation were
associated with clinical outcomes.

Materials and methods
Electronic medical record data mining

The MSHS, with hospitals and outpatient sites throughout the metropolitan NYC area, was at
the epicenter of the global COVID-19 pandemic. A de-identified MSHS COVID-19 patient
database was generated from the electronic medical record (EMR; EPIC) system and made
available to the MSHS research community. From February 28th to June 8th, 2020, this data-
base consisted of 80,108 masked electronic record numbers (representing individual patients)
that entered the MSHS with a COVID-19 related encounter, including 109,000 individual ser-
vice encounters including outpatient (OP) visits which entail telehealth and urgent care visits,
emergency department (ED) visits, and inpatient (IP) admissions. IP admissions were further
categorized into non-ICU or ICU admission. For the remainder of this discussion, non-ICU
patients will be referred to as IP. Our patient filtration process is outlined in Fig 1.
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80,108 unique patients, with a
total of 109,000 COVID-19 related
service encounters

39,539 patients with identified
demographics and highest clinical
service captured

7,032 RT-PCR \
confirmed CoV2+ |

6,924 Cov2+
with known
outcome

Fig 1. Subgroup breakdown for analyses. From February 28th to June 8th, 2020, this database consisted of 80,108
masked electronic record numbers (representing individual patients) that entered the MSHS with a COVID-19 related
encounter, including 109,000 individual service encounters. We analyzed de-identified patient data from 39,625
patients in the Mount Sinai Health System (MSHS), which had recorded metrics with respect to sex, age, and race. We
found that 6,537 of them were determined to be CoV2+ by nasopharyngeal qRT-PCR confirmed tests, while 495
patients were presumed positive for a total of 7,032 COVID-19 cases. We excluded all patients for which an outcome
was not yet known, limiting the analysis to a total of 6,924 patients—5,629 individuals who survived and 1,295
deceased.

https://doi.org/10.1371/journal.pone.0253660.9001

Multiple variables were featured in the database and used in stratification and characteriza-
tion of the cohort’s associated COVID-19 risk. These included age, sex, race, ethnicity, SARS--
CoV2 qRT-PCR testing, encounter types, location of care, admission type codes, discharge
locations, deceased indicators, comorbidities, sequelae, and varying biomarkers. Consistent
with the database, only ethnic groups represented in the US Census were included in our anal-
yses: White, Hispanic, Black or African American, Other, Asian, Native Hawaiian or Pacific
Islander, and American Indian or Alaskan native. Black or African Americans will be referred
to as Black for the remainder of the manuscript. A combined race and ethnicity variable
defined by Mount Sinai’s COVID Disparities and Equity Taskforce was used to stratify demo-
graphic information to better capture Hispanic/Latinx patients. Considering this combined
variable, we will refer to race and ethnicity simply as ethnicity for the remainder of the
manuscript.

Data preparation: COVID-19 severity score. To reflect COVID-19 infection severity, we
created a scoring system based on the patient’s clinical service encounter such that OP visits
represented mild cases, and the degree of severity subsequently increased from ED visits to IP
admissions and finally to ICU admissions, which represented the most severe clinical course.
Unspecified service encounters, including radio-oncology and neuropsychiatric visits (n = 67
patients), were not included. After a severity score was calculated for each encounter, only the
first encounter with the maximum severity score was selected to represent an individual
patient’s clinical course. This scoring system limited the patient’s representation in our studied
cohort to only one encounter and allowed for a more accurate representation of a patient’s
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clinical course. We excluded encounters that included unspecified/un-identified data with
respect to age, sex, and ethnicity. This filtration, in addition to the removal of patients with
unidentified service, encounters limited our analysis to include 39,539 patients.

SARS CoV-2 qRT-PCR testing. With regards to COVID-19 nasopharyngeal qRT-PCR
testing status, the database included individuals who tested positive (CoV2+), presumed posi-
tive, negative (COV2-), and individuals who were not tested. Presumed positive indicates that
a patient’s positive QRT-PCR result has not yet been confirmed by the Center for Disease Con-
trol and Prevention (CDC). Within our total cohort of 39,539 patients, 17.19% were CoV2+
(which includes presumed positives), 49.42% were CoV2-, and 32.75% were not tested for the
SARS-CoV2 antigen. For our analyses we focused on patients with positive (n = 6,537 patients)
or presumed positive (n = 495 patients) QRT-PCR results (i.e., CoV2+ patients). Additionally,
we excluded all patients for which an outcome was not yet known, limiting the analysis to a
total of 6,924 patients—5,629 individuals who survived and 1,295 deceased. The count of survi-
vors versus deceased individuals is reflective of results as of June 8" 2020. It is possible that dis-
charge proceeds the event of death or death occurs at home for outpatients. Considering our
calculations were performed on the basis of COVID-19 survivors and deceased populations,
we further excluded patients with unknown outcomes, i.e., were not discharged or deceased.
Considering 93.36% of our deceased patient population is captured in the IP and ICU units,
we removed patients whose discharge location was 1) unknown ("blank”, n = 101) or 2)
involved "admission to inpatient" (n = 7). The latter category represented ED patients with a
single encounter at MSHS that did not end up being admitted to IP for unclear reasons. Of all
patients discharged to hospice (n = 45), 18 were indicated as deceased, and 27 were indicated
as survivors. Despite the poor prognosis of hospice patients, we included these patients in our
analysis to avoid an assumption on the outcome—they represent 0.48% of all survivors.

Risk stratifying mortality based on comorbidities and COVID-19 sequelae

We calculated the relative risk (RR) of mortality among our deceased patient population with
known cardiovascular, pulmonary, renal, and metabolic comorbidities as well as in individuals
who developed clinical complications secondary to COVID-19 infection. All comorbidities
and sequelae were active issues on a patient’s problem list at the time of the given encounter.
Comorbidities considered included metabolic [n = 2,495, diabetes (DM) and obesity

(BMI > 3Okg/m2)], cardiovascular [n = 2,010, coronary artery disease (CAD), hypertension
(HTN), atrial fibrillation (A Fib), and heart failure (HF)], renal [n = 572, chronic kidney dis-
ease (CKD)], and pulmonary [n = 447, asthma and chronic obstructive pulmonary disease
(COPD)] categories. Sequelae considered included renal [n = 78, acute kidney injury (AKI)],
cardiovascular [n = 109, acute myocardial infarction (AMI) and acute venous thromboembo-
lism (AVTE)], cerebrovascular [n = 46, cerebral infarction (CVA) and intracerebral hemor-
rhage (ICH)], and pulmonary [n = 29, acute respiratory distress syndrome (ARDS)].

Examination of biomarkers in peripheral blood

We analyzed variance in different lab values between survivors and deceased individuals,
including cardiovascular biomarkers [troponin I (Tnl) and brain natriuretic peptide (BNP)],
markers of inflammation [IL-8, IL-1b, IL-6, TNFq, C reactive protein (CRP)] as well as mark-
ers of coagulation [platelets, mean platelet volume (MPV), fibrinogen, d-dimer, and active par-
tial prothrombin time (aPTT)]. The type and frequency of lab results vary per individual.
Markers may be missing for certain patients. Results were considered for all individuals with
at least one recorded lab result for the marker of interest; average value across all lab results
was used.
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Statistical analysis

All statistical analyses were conducted using GraphPad Prism version 7.00 for Windows. Rela-
tive risk comparison for each comorbidity and sequela was done independently. For example,
to assess the relative risk of mortality in patients with CAD, the total CoV2+ population was
considered. Within this population, relative risk analysis was done to compare the mortality
risk of patients with CAD and those without CAD. The mortality risk of patients with CAD is
the number of SARS-CoV2+ patients with CAD who were deceased divided by the number of
total SARS-CoV2+ patients with CAD. The mortality risk of patients without CAD is the num-
ber of SARS-CoV2+ patients without CAD who were deceased divided by the number of total
SARS-CoV2+ patients without CAD. The former mortality risk was then divided by the latter
relative risk to obtain the relative risk values. This process was repeated for each comorbidity
and each sequela. However, it is possible that these individuals have one or more other comor-
bidities and/or sequela and therefore were represented in multiple analyses. The Hy for relative
risk analysis states RR = 1.0; neither group faces a greater risk. The Fisher’s exact test was used
for the computation of the p-value. Two-sided p-value calculations were done at a 95% CI (a. =
0.05) by the Koopman asymptomatic score method.

We compared the mean of average lab results in survivors versus deceased individuals for a
given biomarker of interest using unpaired two-tailed unpaired t-test with Welch’s correction
at 95% CI, where Hj states that there is no statistically significant different in means between
the compared groups. ROUT method was used to identify outliers where definitive outliers
were removed (Q = 0.1%). The calculations were done at a 95% CI (o = 0.05). Corrections for
multiple hypothesis testing were not done due to its unavailability on the GraphPad Prism
software used. However, per the Bonferroni correction, the o value could be adjusted by divid-
ing the o value (o = 0.05) by the number of comparisons (n = 12). The new o value would be
0.004. All p values calculated still fall below this threshold and would therefore still be
significant.

Results
Ethnicity

We characterized the patient population based on their ethnicity. The CoV2+ patient popula-
tion (n = 7,032) is represented by 27.3% Hispanics, 28.1% Blacks or African Americans, 25.9%
Whites, 13.9% Others, and 4.6% Asians. Note, here and elsewhere in the manuscript, Blacks or
African Americans will be referred to as Blacks.

Comorbidities and mortality

The percentage of the CoV2+ population with at least one comorbidity from the correspond-
ing categories are—35.6% metabolic, 28.6% cardiovascular, 8.1% renal, and 6.4% pulmonary
(Table 1A). Within these categories, obesity was most prevalent, followed by hypertension
(HTN), diabetes mellitus (DM), coronary artery disease (CAD), chronic kidney disease
(CKD), heart failure (HF), atrial fibrillation (AFib), asthma, and lastly chronic obstructive pul-
monary disease (COPD) (Table 1B). Of note, an individual may be represented in several cate-
gories depending on their number of pre-existing conditions. Mechanisms by which these
comorbidities may affect the outcome of COVID-19 disease is unclear. Nonetheless, comor-
bidities could modify risks of infection, severity of COVID-19 clinical course, and response to
administered therapies.

All evaluated comorbidities, with the exception of asthma, were associated with increased
risk of mortality (Fig 2A-2D). Relative risks are reported here along with the confidence
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Table 1. Overall prevalence of comorbidities.

A.

Comorbidity Categories Percent
Metabolic 35.6
Cardiovascular 28.6
Renal 8.1
Pulmonary 6.4

B.

Comorbidity Absolute Number (%)
Obesity (BMI>30) 1,805 (26.1)
Hypertension (HTN) 1,681 (24.3)
Diabetes (DM) 1,067 (15.4)
Coronary Artery Disease (CAD) 592 (8.6)
Chronic Kidney Disease (CKD) 558 (8.1)
Heart Failure (HF) 349 (5.0)
Atrial Fibrillation (A Fib) 299 (4.3)
Asthma 288 (4.2)
Chronic Obstructive Pulmonary Disease (COPD) 182 (2.6)

(A) Of the 7,032 patients who presented to the Mount Sinai Health System with confirmed or presumed COVID-19
disease and known discharge/deceased status, we assessed the prevalence of having at least one metabolic,
cardiovascular, renal, and pulmonary comorbidity. (B) The breakdown of prevalence by all specific comorbidities
considered is shown. Among this population, there is a high prevalence of metabolic comorbidities, including obesity
(defined as a BMI of greater than 30 kg/m?) and diabetes, followed by cardiovascular comorbidities, with a particular
emphasis on the prevalence of hypertension. Of note, patients may be represented in more than one group based on
their underlying medical history.

https://doi.org/10.1371/journal.pone.0253660.t001

intervals (RR, [CI]). AFib modified mortality risk more than other cardiovascular comorbidi-
ties (RR = 2.22, [1.90, 2.57]), followed by HF (RR = 2.201, [1.73, 2.33]), CAD (RR = 1.90, [1.67,
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Fig 2. Relative risk of mortality from COVID-19 in individuals with underlying comorbidities across all ages, sexes, and ethnicities. Of the 7,032 patients who
presented to the Mount Sinai Health System with confirmed or presumed COVID-19 disease and known discharge/deceased status, the relative risk of mortality from
COVID-19 disease is higher in individuals with a specific (A) cardiovascular, (B) pulmonary, (C) metabolic, or (D) renal comorbidity compared to their deceased
reference group which did not have the given comorbidity. Interestingly, patients with asthma (B) are the only population with no significant risk of mortality rate
compared to their reference group (p = 0.70). ****p < 0.0001, ***p <0.001, “*p <0.01, *p <0.05, ns = not significant.

https://doi.org/10.1371/journal.pone.0253660.g002
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2.15]), and HTN (RR = 1.73, [1.57, 1.91]) (Fig 2A). Within pulmonary comorbidities, COPD
increased mortality risk 2-fold (RR = 1.99, [1.62, 2.40]) (Fig 2B). Among metabolic comorbidi-
ties, there were moderate mortality risk increases associated with DM (RR = 1.67, [1.49, 1.86])
and obesity (RR = 1.24, [1.11, 1.37]) (Fig 2C). Patients with CKD had an increased risk of mor-
tality (RR = 1.78, [1.55,2.03]) (Fig 2D), though it is important to note that the stage of CKD
was not indicated in the MSHS database. Overall, the risk of mortality was approximately
2-fold greater in individuals with at least one chronic comorbidity in any category
(p < 0.0001) (Fig 2A-2D).

The prevalence (absolute number and percentage) of individuals with each comorbidity
within their indicated ethnic group is summarized in Table 2.

Sequelae of COVID-19 and mortality

We evaluated the risk of mortality in COVID-19 patients who developed a clinical complica-
tion, i.e., sequelae of COVID-19. Overall, 476 individuals were reported to have developed at
least one sequela. The percentages of the CoV2+ population with at least one developed
sequela that were included in our analyses are 4.5% renal, 1.6% cardiovascular, 0.6% cerebro-
vascular, and 0.4% pulmonary (Table 3A). The prevalence of specific sequelae in descending
order includes—acute kidney injury (AKI), acute myocardial infarction (AMI), acute venous
thromboembolism (AVTE), cerebrovascular infarction (CVA), acute respiratory distress syn-
drome (ARDS), and intracerebral hemorrhage (ICH) (Table 3B).

The mortality risks are elevated in all populations that developed an AMI (RR = 2.47, [1.85,
3.13]), ARDS (RR = 2.50, [1.59, 3.47]), and AKI (RR = 2.33,[2.01, 2.67]), but not AVTE (RR = 0.96,
[0.48, 1.79]), CVA (RR = 1.157, [0.61,2.00]), or ICH (RR = 0.00, [0.00, 1.89]) (Fig 3A-3D).

We further risk-stratified patients based on their ethnicity and sequelae. The prevalence
(absolute number and percentage) of individuals who developed each specific sequela within
their indicated ethnic group showed that clinical complications secondary to COVID-19
appeared to have poorer outcomes and were not associated with patient’s ethnicity (Table 4).

Serum biomarkers of inflammation, coagulation, and cardiac injury

We assessed whether established inflammatory, coagulation, cardiovascular clinical biomark-
ers could provide further insight into risk of mortality in CoV2+ individuals (Fig 4A-4C and

Table 2. Prevalence of comorbidities by ethnicities.

White
Comorbidity

Obesity 393 (21.9)
HTN 350 (19.5)
DM 174 (9.7)
CAD 178 (9.9)
CKD 85 (4.7)
HF 96 (5.4)
Afib 121 (6.7)
Asthma 45 (2.5)
COPD 50 (2.8)

Race and Ethnicity
Black or African Other Asian Native Hawaiian or American Indian or
American Pacific Islander Alaskan Native
Absolute Number (%)

556 (29.3) 597 (30.6) 220 (23.1) 36 (11.3) 1(16.7) 2 (66.7)
543 (28.6) 502 (25.8) 201 (21.1) 83 (26.1) 1(16.7) 1(33.3)
359 (18.9) 333 (17.1) 143 (15.0) 57 (17.9) - 1(33.3)

177 (9.3) 132 (6.8) 70 (7.3) 35(11.0)

178 (9.4) 214 (11.0) 51 (5.4) 30 (9.4)

99 (5.2) 114 (5.8) 24 (2.5) 15 (4.7) 1(16.7)

73 (3.9) 64 (3.3) 29 (3.0) 12 (3.8)

104 (5.5) 96 (4.9) 39 (4.1) 3(0.9) 1(16.7)

53 (2.8) 61 (3.1) 14 (1.5) 4(1.3)

Distribution of COVID-19 positive patients in the Mount Sinai Health System by race and ethnicity and specific comorbidities is shown. HTN, hypertension; DM,
diabetes mellitus; CAD, coronary artery disease; CKD, chronic kidney disease; HF, heart failure; Afib, atrial fibrillation; COPD, chronic obstructive pulmonary disease.

https://doi.org/10.1371/journal.pone.0253660.t002
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Table 3. Overall prevalence of COVID-19 sequela.

A.
Sequela Categories Percent
Renal 4.5
Cardiovascular 1.6
Cerebrovascular 0.6
Pulmonary 0.4
B.
Sequela Absolute Number (%)
Acute Kidney Injury (AKI) 309 (4.5)
Acute Myocardial Infarction (AMI) 68 (1.0)
Acute Venous Thromboembolism (AVTE) 39 (0.6)
Cerebral Infarction (CVA) 37 (0.5)
Acute Respiratory Distress Syndrome (ARDS) 28 (0.4)
Intracerebral Hemorrhage (ICH) 7 (0.1)

(A) Of the 7,032 patients who presented to the Mount Sinai Health System with confirmed or presumed COVID-19
disease, we assessed the prevalence and associated risk of mortality in individuals who developed at least one renal,
cardiovascular, cerebrovascular, or pulmonary complication secondary to COVID-19 disease. (B) The breakdown of
prevalence by all specific sequelae considered is shown. Of note, patients may be represented in more than one group

based on the number of complications they developed.

https://doi.org/10.1371/journal.pone.0253660.t003

Table 5). All values for a given biomarker from a single patient are averaged if more than one
result is available. The mean across patients for that biomarker is then calculated within the

(A) Cardiovascular

Ok K

(C) Renal (D) Cerebrovascular

C
O
&
=
1S
Q
=
<

50— ok

(4]
o
|
0
o
|

50

40—

H
o
1

40

H
o
1

ns

304 30 ns

N
o
|

20

N
o
1

20—

Patients Deceased (%)
S
1

Patients Deceased (%)
8
1

Patients Deceased (%)

-
o
1
-
o
|

104

Patients Deceased (%)

o
-
o
|
o
|

0

1
N N
Kl R ]

Fig 3. Relative risk of mortality in individuals who developed a COVID-19 sequela across all ages, sexes, and ethnicities. Of the 7,032 patients who presented to the
Mount Sinai Health System with confirmed or presumed COVID-19 disease and known discharge/deceased status, we assessed the risk of mortality in individuals who
developed at least one complication secondary to COVID-19 disease, with a particular focus on (A) cardiovascular, (B) pulmonary, (C) renal, and (D) cerebrovascular
sequelae. Risk of mortality was greater among all populations which had developed acute kidney injury (AKI) or acute respiratory distress syndrome (ARDS). With
regards to cardiovascular sequelae, patients who developed acute myocardial injury (AMI) had a 2.523-fold increased relative risk of mortality. In contrast, risk of
mortality was not significant among a population with documented acute venous thromboembolism (acute VTE, p>0.9999). Relative risk of mortality was no significant
among individuals who developed cerebral infarcts (CVA, p = 0.67) or intracranial hemorrhages (ICH, p = 0.36). ****p < 0.0001, ***p <0.001, **p <0.01, *p <0.05,

ns = not significant.

https://doi.org/10.1371/journal.pone.0253660.g003
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Table 4. Prevalence of sequela by ethnicity.

Race and Ethnicity
White Hispanic | Black or African American Other Asian
Sequela Absolute Number (%)

Acute Kidney Injury (AKI) 70 (3.9) 65 (3.4) 107 (5.5) 55 (5.8) 12 (3.8)
Acute Myocardial Infarction (AMI) 20 (1.1) 16 (0.8) 16 (0.8) 9(0.9) 7(2.2)
Acute Venous Thromboembolism (AVTE) 8 (0.5) 13 (0.7) 13 (0.7) 3(0.3) 2(0.6)
Cerebral Infarction (CVA) 4(0.2) 11 (0.6) 15 (0.8) 6 (0.6) 1(0.3)
Acute Respiratory Distress Syndrome (ARDS) 10 (0.6) 5(0.3) 5(0.3) 5(0.5) 3(0.9)
Intracerebral Hemorrhage (ICH) 1(0.1) 1(0.1) 5(0.3) - -

Distribution of COVID-19 patients in the Mount Sinai Health System by ethnicity and COVID-19 sequelae is shown.

https://doi.org/10.1371/journal.pone.0253660.t004

survivors and deceased patients for comparison. The mean + standard deviation, the preva-
lence of patients outside the reference range, and the number of subjects with at least one labo-
ratory test value for a given biomarker are provided in Table 5. Of note, the presence of large
deviation in reported values can possibly be attributed to significant inter-patient variability in
the context of where in the course of disease the patient is, disease severity, as well as response
to treatment.

Inflammatory biomarkers and mortality. The levels of several inflammatory biomarkers
were elevated in CoV2+ patients, and the degree by which these markers were elevated appears
to be associated with poorer clinical outcomes. The levels of IL-8, IL6, and CRP were elevated
above the normal range in both survived and deceased patients; however, all three inflamma-
tory markers were approximately 2-4-fold higher in deceased COVID-19 patients compared
to patients who recovered (p<0.0001) (Fig 4A and Table 5). Although the deceased patients
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Fig 4. Mean comparison of peripheral blood biomarkers of cardiac injury, coagulation, and inflammation in
surviving COVID-19 patients compared to deceased individuals. Within the 7,032 patients who presented to the
Mount Sinai Health System with confirmed or presumed SARS-CoV2 infection and known discharge/deceased status,
we compared—(A) the mean of inflammation markers [IL-8, IL-6, IL-1b, TNFo, C reactive protein (CRP)], (B) the
mean of coagulation markers [mean platelet volume (MPV), platelets (Plts), fibrinogen (fbgn), d-dimer, and activated
partial prothrombin time (aPTT)], and (C) the mean cardiovascular biomarkers [troponin (TnI) and brain natriuretic
peptide (BNP)], between surviving and deceased individuals. For all individuals with multiple lab values were recorded
into the database, the average of all values measured for a given biomarker was used in our analysis. Shaded areas
reflect normal reference ranges for respective lab values. ****p < 0.0001, ***p <0.001, **p <0.01, *p <0.05, ns = not
significant.

https://doi.org/10.1371/journal.pone.0253660.g004
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had a small 20% increase (p<0.0001) in IL-1 levels compared to the survived patient popula-
tion, these levels remained within the normal reference range for IL-1f (0-5 pg/mL) in both
patient populations (Fig 4A and Table 5). The average levels of TNFo were increased by
approximately 30% (p<0.0001) in the deceased patients compared to survivors. In both patient
populations, these increases were above the normal range (0-22 pg/mL) of serum TNFa (Fig
4A and Table 5). It is important to note that levels of interleukins, TNFa, and CRP were tested
almost exclusively in hospitalized COVID-19 patients. Thus our inflammatory biomarkers
data represent COVID-19 patients with moderate-severe disease, but not asymptomatic or
mild cases.

Coagulation markers and mortality. Since the beginning of the COVID-19 pandemic,
significant evidence had emerged for increased incidence of coagulopathy, endotheliopathy,
and various thrombotic and bleeding events in patients with COVID-19 [17-22]. We evalu-
ated the levels of several coagulation markers in our CoV2+ patient population to elucidate
underlying patterns (Fig 4B). The average mean platelet volume (MPV) levels were mostly
within the reference range for both survivors and deceased patients. However, there was a very
small 7% increase in MPV levels for deceased patients compared to survivors (Fig 4B and
Table 5). Platelet (Plt) count remained within the lower threshold of normal; however,
deceased patients had 12.5% (p<0.0001) lower average Plt count compared to survivors (Fig
4B and Table 5). The average levels of fibrinogen were increased by approximately 50% in
both survivors and deceased patients, approaching the levels (>>700 mg/dL) that can promote
the formation of clots. D-dimer was elevated above the upper limit of normal in both survived
and deceased patients; however, the average d-dimer levels were more than 250% (p<0.0001)
higher in the deceased population compared to survivors (Fig 4B and Table 5). The increased

Table 5. Serum biomarkers of cardiac injury, coagulation, and inflammation in surviving COVID-19 patients compared to deceased individuals.

Inflammatory Markers
IL-8 (pg/mL)
IL-6 (pg/mL)
IL-1b (pg/mL)
TNFo, (pg/mL)
CRP (mg/L)
Coagulation Markers
MPV (FL)
Plts (x10° platelets/uL)
Fibrinogen (mg/dL)
D-dimer (ug/mL)
aPTT (sec)
Cardiac Biomarkers
Troponin I (ng/mL)
BNP (pg/mL)

Survivors Deceased P-value*
Reference Range Average + STD N Average + STD N

0-5 43.6 +30.9 1,416 134.8 +115.3 566 <0.0001
0-5 47.3 +41.3 2,089 183.9 £165.9 650 <0.0001
0-5 0.6+0.3 564 0.72 0.4 211 <0.0001
0-5 21.8 +£10.6 832 28.6 + 14.6 280 <0.0001
0-5 95.3 + 74.0 1,683 175.5+92.2 569 <0.0001
7.4-12.0 85+1.2 3,854 9.1+13 1,253 <0.0001

150-450 x 10 255 + 104 3,920 223 £ 96 1,258 0.54
175-450 619 £ 181 1,483 625 £ 211 627 <0.0001
0-0.5 1.6 +1.21 4,290 4.3+3.2 1,160 <0.0001
25.4-34.9 329+59 1,732 42.3+14.7 731 <0.0001
0-0.03 0.03+£0.1 1,823 0.1 £0.1 975 <0.0001
0-100 63.8 £ 62.2 1,181 152.3 +154.4 651 <0.0001

Within the 7,032 patients who presented to the Mount Sinai Health System with confirmed or presumed COVID-19 disease and known discharge/deceased status, we

compared the mean of cardiac, cardiovascular biomarkers [troponin (TnI) and brain natriuretic peptide (BNP)], the mean of markers of inflammation [IL-8, IL-6, IL-

1b, TNFa, C reactive protein (CRP)] as well as the mean of markers of coagulation [mean platelet volume (MPV), platelets (Plts), fibrinogen, d-dimer, and activated

partial prothrombin time (aPTT)] between surviving and deceased individuals. For all individuals with multiple lab values recorded into the database, the average of all

values measured for a given biomarker was used in our analysis. The mean value for each biomarker (average + STD) across all survivors, the number of survivors

included in our analysis with at least one lab value for the given biomarker are listed here. The same is done for deceased individuals.

https://doi.org/10.1371/journal.pone.0253660.t005
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levels of fibrinogen and d-dimer above normal thresholds in both groups may suggest an
increased VTE risk with presence of macro- and/or micro-thrombi. These findings could sug-
gest that peak values of these markers may be associated with a worse clinical outcome and the
need for early administration of anticoagulant therapy as indicated by Paranjpe et al. [23].
Average activated partial prothrombin time (aPTT) values were prolonged by approximately
30% (p<0.0001) in deceased patients compared to those who survived (Fig 4B and Table 5).
Taken together, dysregulation of coagulation markers can significantly affect the clotting cas-
cade, and coagulopathies must be considered as one of the major sequelae of COVID-19, con-
sidering the reported incidence of thrombi as well as clotting factor deficiencies noted in other
studies [23, 24].

Cardiovascular markers and mortality. While average cardiac troponin-I (cTnl) levels
were at the upper limit of normal in the majority of COVID-19 patients that survived, there was
more than a 330% (p<0.0001) increase in average cTnl levels in deceased patients (Fig 4C and
Table 5), suggesting that the extent of myocardial injury is associated with worse clinical out-
comes. Brain natriuretic peptide (BNP) levels were also significantly increased by more than
200% (p<<0.0001) in deceased patients compared to survivors (Fig 4C and Table 5). Although
cardiac structural and functional studies are unavailable in this de-identified database study, the
substantially elevated levels of cardiovascular biomarkers in deceased patients suggest that sig-
nificant myocardial injury could predict poorer outcomes in COVID-19 patients.

Discussion

Since the initial reports of COVID-19 in early December 2019, the novel coronavirus outbreak
continues to strain the global population, while its pathogenesis and clinical outcomes are not
tully understood, and therapies continue to evolve. Using de-identified data from one of the
largest US patient cohorts across a range of clinical services including outpatient (OP), emer-
gency department (ED), inpatient (IP), and intensive care unit (ICU) admission, we assessed
the associations between various demographic factors including age, sex, ethnicity on SARS--
CoV2 qRT-PCR testing and COVID-19 clinical course severity and mortality. Of 39,539
patients who entered the MSHS with a COVID-19 concern as of June 8™ 2020, 7,032 patients
(17.9%) were positive or presumed positive for COVID-19 of which 1,295 patients passed
away (18.4%) while 5,737 recovered and were discharged (81.6%). Within this confirmed
CoV2+ population, we evaluated a large panel of peripheral blood biomarkers, the impact of
several comorbidities, and COVID-19 sequelae on patient outcomes.

Multiple epidemiological studies have reported that cardiovascular comorbidities are associ-
ated with COVID-19 disease severity and poorer outcomes [25-28]. Within our CoV2+ patient
population, there was a high prevalence of cardiovascular and metabolic comorbidities com-
pared to renal and pulmonary comorbidities. Despite difference in prevalence, comorbidities in
these four major tested categories were associated with increased mortality risk, which is consis-
tent with previous reports [12, 29-31]. Asthma was the only comorbidity that was not associated
with increased mortality risk. Lack of associated mortality risk in patients with asthma may sug-
gest that these individuals have some type of "hypoxic preconditioning” effect due to the occur-
rence of repetitive acute hypoxic episodes during exacerbations of their disease, a phenomenon
recently described in a murine model [32]. In addition, it is also conceivable that chronic man-
agement of asthma attacks with inhaled corticosteroids may also provide an enhanced protec-
tive effect as a substantial number of patients administered steroids in combination with other
therapies had shown improved outcomes in the setting of COVID-19 [33].

Regardless of ethnicities, patients with underlying HTN, CAD, HF, AFib, DM, obesity,
COPD, and CKD experienced a higher risk of mortality compared to patients without these
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comorbidities. Indeed, the presence of at least one cardiovascular, renal, or pulmonary comor-
bidity increased the probability of poorer outcomes. However, we could not find significant
race/ethnicity-associated modifications of mortality risks for most COVID-19 patients with
these comorbidities, except for obesity, for which the risk of mortality was unchanged in the
Hispanic population. These findings emphasize that in all ethnic groups, these comorbidities
pose risks for worse clinical outcomes for COVID-19 patients, as reported before for other
patient cohorts nationally and internationally [12, 29-31]. Of note, in spite of small differences
observed between ethnic groups in terms of the degree by which comorbidity affects mortality
rates, our analysis is limited to comparing whether patients have established comorbidity and
does not take into consideration the patient’s age, stage of disease, or the therapy they have
been receiving for their underlying medical condition(s).

Analysis of the prevalence of COVID-19 complications/sequelae revealed that renal and
cardiovascular complications were the most prevalent, followed by cerebrovascular and pul-
monary. Across all ethnic groups, the highest mortality risk was found in patients that devel-
oped AKI, followed by AMI and ARDS. While ethnicity-associated modifications were
observed for AMI and ARDS, the AKI risk was not modified by ethnicity. All ethnic groups,
except Black patients with AMI, were at increased risk of mortality due to COVID-19. Further
analysis of clinical data, which was not available in the MSHS de-identified dataset, would be
required to understand the potential causes of these findings. Although, the Black COVID-19
patients had the lowest prevalence for developing ARDS, we found that ARDS was associated
with the highest risk of mortality in the Black population which is consistent with prior pub-
lished studies [34, 35]. The worse outcomes due to ARDS in this population may be attributed
to a more severe disease course or underlying comorbidities, which could increase predisposi-
tion for the development of ARDS.

Surprisingly, AVTE events and CVAs were not associated with an increased risk of mortal-
ity, potentially due to the administration of anticoagulation therapy in most of these patients.
This may be attributed to early initiation of venous thromboembolism prophylaxis as of April
10™ 2020, with low molecular weight heparin (LMWH) in hospitalized patients in the MSHS
with suspected or qRT-PCR confirmed COVID-19 [36].

In our analyses of peripheral blood biomarkers for cardiovascular disease, coagulation, and
inflammation, elevation of these markers was consistently higher in the deceased versus recov-
ered COVID-19 patients. Most of these circulating markers were above upper threshold, but
IL-1B remained within normal limits for both patient populations. However, even these IL-1
values were statistically higher in deceased patients. A prior study of cytokines in a limited
COVID-19 cohort study of 40 ICU patients reported IL-1 levels to be elevated above the
upper limit of normal [37]. Considering our sample size and IL-1f’s role in the initiation of
cytokine release syndrome and induced secretion of IL-6 [38], it may be advisable to consider
the ratio of these cytokines (i.e. IL-1B/IL-6) to better understand the cytokine profile in
COVID-19 patients and the associated inflammatory state.

CRP, IL-6, IL-8, and TNFa levels were significantly higher in deceased patients, suggesting
a greater degree of systemic inflammation perpetuated by a "cytokine storm" which is sup-
ported by significant elevations in IL-6, IL-8, and TNFa. [2, 7, 39, 40]. Overall, these findings
reflect more active systemic inflammation in moderate/severe cases, which may contribute to
the development of secondary sequelae, including renal failure or acute liver injury, supporting
the concept of a high-risk inflammatory state secondary to COVID-19 and the associated
higher risk of mortality.

Coagulation markers, including d-dimer and fibrinogen levels, were significantly elevated
above the upper limit of normal in both patient groups suggesting COVID-19 is associated
with coagulopathies [41]. Deceased patients had higher circulating d-dimer and fibrinogen
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compared to surviving patients, which may be reflective of the extent of micro- and macro-
thrombi formation observed in disseminated intravascular coagulation [42]. An earlier study
from NYU also showed 86% of their patients (n = 2,782) had elevated d-dimers (>230 ng/mL)
with mean peak of d-dimer at 767 ng/ml, and those with elevated d-dimers were more likely to
become critically ill [43]. Thus, our findings support the use of d-dimer as a biomarker for
clinical course severity as well as being associated with poor outcomes.

Cardiac injury and stress are consistent with cardiac troponin and BNP elevation in the
COVID-19 patient population and could serve as potential predictors for the development of
COVID-19 sequelae such as AMI, AKI, HF exacerbation, or pulmonary edema. In our study,
the COVID-19 deceased population had 3-fold higher mean cTnl levels compared to survi-
vors. Although there are many potential etiologies of myocardial injury in the setting of
COVID-19, including myocarditis [44], septic and/or stress cardiomyopathy [45, 46], or sec-
ondary hypoxic injury [47], our study did show that elevation in ¢Tnl may be associated with
the degree of multisystem organ dysfunction, and thus disease severity. These findings are con-
sistent with an earlier report from the MSHS, where even small amounts of myocardial injury
(cTnl > 0.03 to 0.09 ng/ml) were associated with higher risk of mortality [48]. Earlier reports
from Wuhan, China also demonstrated elevated troponin in hospitalized patients with levels
of greater than 2.14 mg/L predicting in-hospital mortality [49]. Within our patient population,
the distribution of BNP also varied between survivors and deceased individuals. Considering
the lack of further clinical data, elevation in BNP may also be multifactorial with either intrin-
sic cardiac dysfunction or secondary etiologies such as pulmonary edema in the setting of
acute respiratory distress and renal disease. Earlier studies have also shown elevated ¢TnI [50]
and BNP [51] in patients with COVID-19. However, given the variance in assays and lack of
details regarding their upper thresholds, direct comparisons cannot be made for ¢Tnl and
BNP values in our studies and those of others. Despite these limitations, our data supports the
presence of cardiovascular involvement in COVID-19, and more importantly reiterates the
predictive clinical valve of cTnI and BNP for disease severity and outcomes.

In summary, our study is utilizing one of the most diverse and largest COVID-19 patient
databases to study various factors that can influence susceptibility to infection and clinical out-
comes. We found that—i) underlying metabolic and cardiovascular comorbidities are most
prevalent in our COVID-19 patient population and were associated with increased mortality
risk along with COPD and CKD; ii) asthma did not modify mortality risk in CoV2+ patients;
iii) development of AKI, AMI and ARDS secondary to COVID-19 was associated with
increased risk of mortality; iv) d-dimer, CRP, IL-6, TNFo, cTnl, and BNP levels were signifi-
cantly elevated in deceased individuals. Taken together with previously published results, the
finding in our study should assist clinicians and other health care workers in devising strate-
gies to mitigate the risk of infection, assist with determining the timing for initiation of given
therapies as well as altering them to optimize medical management.

Study limitations

There are limitations in our study worth highlighting. Although, we included hospice patients
in our relative risk analysis, we included hospice patients that were not indicated as deceased
in the recovered category. However, this represents a very small portion of survivors or recov-
ered patients (0.48%). Representing them in such a way introduces only a 2.12% reduction in
deceased patients. Our analysis also included all emergency department and outpatients. How-
ever, their outcomes are not known unless they returned to MSHS for follow-up. Similarly, on
discharge, inpatients could have been lost to follow-up, so their outcomes are not known
unless they returned to MSHS. While other studies have used hazard functions to address this
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issue, they have focused on hospitalized populations. Our study facilitates assessment for look-
ing at risks in the overall population entering the health system(s). Risks may still be overstated
as many patients remain asymptomatic or have mild symptoms and therefore may not enter
hospital systems. The false-negative rate of gRT-PCR tests for CoV2 infection is also a limita-
tion in all current population reports, with studies estimate the sensitivity of most tests to be
70% [52].
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