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ARTICLE INFO ABSTRACT

Keywords: Background: The rapid spread of the coronavirus disease 2019 (COVID-19) epidemic has significantly impacted
COVID-19 global health. So far, the evidence regarding the risk factors that predict the outcomes of COVID-19 patients is
Risk factors limited. In this study, we identified several risk factors that are associated with increased mortality in COVID-19
Mortality patients
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cure kdney mury Methods: We performed a retrospective review of electronic medical records of the patients admitted with an
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initial diagnosis of COVID-19. We extracted several patient variables (including demographics, lab results, and
pre-existing conditions) and examined for their association with increased mortality.

Resuits: Of the 487 people included in the study, 340 survived and 147 expired. Significant differences existed in
demographics and underlying comorbidities between the two groups. A higher proportion of patients were age
65 and older (87.76% vs 53.24%, p < 0.001), and were predominantly male (63.27% vs 52.94%, p = 0.0351).
Multivariate analysis showed five variables to be the predictors for mortality: age >65 [OR = 3.87, 95% CI (2.01,
7.46), p < 0.001], initial presentation with dyspnea [OR = 1.71, 95% CI (1.03, 2.82), p = 0.037], history of
cardiomyopathy [OR = 3.33, 95% CI (1.07, 10.41), p < 0.038], positive initial chest imaging findings [OR =
2.24, CI (1.26, 3.97), p = 0.006], and acute kidney injury (AKI) [OR = 3.33 CI (2.10, 5.28), P < 0.001].
Conclusion: Identifying COVID-19 patients with these characteristics may help guide the management and

improve mortality.

1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic initially began
as an outbreak of acute respiratory illness in China’s Hubei Province and
has rapidly evolved into a global health emergency [1]. Severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) causes severe illness
in a significant proportion of infected individuals, most notably in older
patients and those with underlying comorbidities, including hyperten-
sion, diabetes, coronary heart disease, and malignancy [2-4]. The dis-
ease presentation varies widely. According to a study of ~44,500
confirmed COVID-19 patients, a major proportion (80%) of patients
presented with mild respiratory symptoms, but a significant percentage
of patients (19%) presented with either severe disease including hypoxia
or critical illness including respiratory failure [5]. Some have developed
fatal complications including multiple organ failure, septic shock,
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pulmonary edema, severe pneumonia, acute respiratory distress syn-
drome (ARDS), and death [6-8].

SARS-CoV-2 is believed to cause cytokine storm, which triggers an
exaggerated inflammatory response in the body, and results in acute
respiratory distress syndrome, shock, and multi-organ failure [9,10].
The disease severity correlates with various pro-inflammatory cyto-
kines, although it is not yet clear what is triggering the cytokine storm
[11]. The pathophysiology, clinical presentation, and the management
of COVID-19 still need to be more clearly defined. A significant pro-
portion of patients deteriorate rapidly after initially presenting with
milder symptoms [12-14]. This poses a challenge for frontline health-
care professionals and reinforces the need for early risk stratification.

Government and public health care agencies have taken several
measures to mitigate the effect. Still, numerous health care systems have
faced a shortage of the resources necessary to manage these patients.
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Identifying independent high-risk factors for increased mortality of
COVID-19 patients is crucial. Early identification of critically ill patients
who require early medical intervention may reduce overall morbidity
and mortality. Additionally, it helps effectively channel resources,
especially in already challenged ICU environments.

2. Methods
2.1. Study population

We obtained the study population from the patients admitted to
Community Medical Center with COVID-19 from January 1 through
May 31, 2020. We included initial admission of adult patients with a
confirmed laboratory diagnosis of SARS-CoV-2 infection. Patients <18
years old and those who refused medical treatment were excluded from
the study. This study (IRB # 20-014) was approved by the Community
Medical Center Institutional Review Board (HHS IRB Registration #:
00000942), New Jersey. This work has been reported in line with the
strengthening the reporting of cohort studies in surgery (STROCSS)
criteria [45].

2.2. Methods of data collection

We utilized a retrospective review of electronic medical records of
the patients admitted to Community Medical Center with a confirmed
diagnosis of SARS-CoV-2 infection. Demographics, clinical characteris-
tics, laboratory results, and imaging findings were extracted from the
patients’ charts, and evaluated for the association with mortality in
COVID-19 patients. A total of 487 people were included in the study.

2.3. Research methods

We analyzed and compared the outcomes in COVID-19 patients, and
their association with the extracted variables. The extracted variables
among survivors and expired were examined.

2.4. Statistical analysis

Continuous variables were reported as means with standard devia-
tion (SD) or medians, and categorical variables as proportions. We used
Student’s t-test or the Wilcoxon rank-sum test to analyze between-group
differences, as appropriate for the continuous variables. Fisher’s exact
test or Chi-square test was used for the categorical variables. Additional
analyses were performed with the use of the multivariable logistic
regression adjusted for the significant covariates. Odds ratios with 95%
confidence intervals were reported for all the predictors. All analyses
were performed with the use of SAS software, version 9.4 (SAS Institute,
Cary, NC). A two-sided p-value of less than 0.05 was considered to
indicate statistical significance.

3. Results

In total, we included 487 people in the study. Of these, 147 expired
and 340 survived. Baseline demographics are described in Table 1.
Compared to survivors, expired patients were older, with more patients
age 65 years and older (87.76% vs 53.24%, p = 0.001). Males were
predominant in the expired group than the survivor group (63.27% vs
52.94%, p = 0.035). The proportion of patients admitted from the ICU
was higher in the expired group than the survivor group (23.3% vs
6.18%, p < 0.001). The expired group had more underlying comorbid-
ities than the survivor group (Table 2): hypertension (77.55% vs 56.76,
p < 0.001), hyperlipidemia (39.46% vs 25.88%, p = 0.002), cardio-
myopathy [identified by physician’s diagnosis or inclusion in past
medical history] (6.80% vs 1.76%, p = 0.009), atrial fibrillation
(20.41% vs 12.94%, p = 0.035), COPD (27.89% vs 16.18%, p = 0.002),
cerebrovascular accidents (12.93% vs 6.76%, p = 0.026), diabetes
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Table 1
Patient demographics.
Total number of Expired (N = 147) Survived (N = 340) p-
patients (N = 487) Value
Age in years- mean 78.4 28-94 64.1 19-101 <0.001
(SD), range (11.5) (18.5)
Age 65 and older — 129 87.76% 181 53.24% <0.001
no. %
Gender (Male) — no. 93 63.27% 180 52.94% 0.035
%
BMI - mean (SD), 28.6 13.6-50.1  29.5 15.8-61.7  0.158
range (6.7) (6.9)
Admission Unit 34 23.13% 21 6.18% <0.001
(ICU) - no. %
Admission Source 80 54.42% 234 68.82% 0.002

(Home) - no. %

SD - standard deviation, BMI - body mass index in kg/m?, ICU - intensive care
unit.

Table 2

Variables related to the past medical history.
Total number of patients (N = Expired (N = Survived (N = p-
487) 147) 340) Value
Hypertension — no. % 114 77.55% 193 56.76% <0.001
HLD- no. % 58 39.46% 88 25.88%  0.002
Hypercholesterolemia— no. % 14 9.52% 25 7.35% 0.417
CAD- no. % 37 25.17% 66 19.41%  0.153
CHF- no. % 22 14.97% 38 11.18%  0.242
Cardiomyopathy — no. % 10 6.80% 6 1.76% 0.009
A.fib- no. % 30 20.41% 44 12.94%  0.035
Asthma- no. % 6 4.08% 25 7.35% 0.174
COPD- no. % 41 27.89% 55 16.18%  0.002
02 dependent at home- no. % 7 4.76% 8 2.35% 0.163
CKD- no. % 11 7.48% 23 6.76% 0.775
ESRD- no. % 3 2.04% 16 4.71% 0.163
Dialysis- no. % 2.04% 18 5.29% 0.104
CVA-no. % 19 12.93% 23 6.76% 0.026
TIA- no. % 5 3.40% 7 2.06% 0.359
PVD- no. % 3 2.04% 7 2.06% 1.000
PAD-no. % 5 3.40% 5 1.47% 0.177
DM- no. % 53 36.05% 91 26.76%  0.039
Hypothyroidism- no. % 24 16.33% 44 12.94%  0.322
Seizures— no. % 9 6.12% 15 4.41% 0.423
Dementia- no. % 38 25.85% 51 15.00% 0.004
Anemia- no. % 16 10.88% 26 7.65% 0.242
Active cancer— no. % 25 17.01% 35 10.29% 0.038
AKI — no. % 93 63.27% 97 28.53% <0.001
Anticoagulation (treatment) — no. 45 30.61% 82 24.12%  0.134

%

Smoking status
Non-smoker 94 63.95% 230 67.85% 0.401
Former smoker — no. % 45 30.61% 85 25.07%
Active smoker — no. % 8 5.44% 24 7.08%

HLD - hyperlipidemia, CAD - coronary artery disease, CHF - congestive heart
failure, A.fib - atrial fibrillation, COPD - chronic obstructive pulmonary disease,
CKD - Chronic kidney disease, ESRD - end stage renal disease, CVA - cerebro-
vascular accident, TIA - transient ischemic attack, PVD - peripheral vascular
disease, DM - diabetes mellitus, AKI - acute kidney injury.

mellitus (36.05% vs 26.76%, p = 0.039), dementia (25.85% vs 15.00%,
p = 0.004), active cancer (17.01% vs 10.29%, p = 0.038), acute kidney
injury [defined as increase in serum creatinine of 0.3 mg/dL in 48 h,
serum creatinine increase of 1.5 mg/dL from baseline in 7 days or urine
output of <0.5 mL/kg/hour in 6 h] (63.27% vs 28.53%, p < 0.001).
Certain clinical features and laboratory findings were more prevalent in
the expired group: dyspnea (72.11% vs 55.59%, p < 0.001), positive
initial chest imaging findings (82.31% vs 65.59%, p < 0.001) [in-
filtrates, opacities, ground glass opacities, etc.], increased WBC count
(mean-14.0 vs 8.4, p = 0.001), low albumin (mean-27 vs 30, p < 0.001),
higher ferritin (mean-1247.9 vs 916, p = 0.001), higher procalcitonin
(mean-3.9 vs 3.4, p < 0.001), higher IL-6 levels (mean 1200.9 vs 162.6,
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p < 0.001), higher C-reactive protein (mean 140.3 vs 81.2, p < 0.001),
higher lactic acid levels (mean-3.1 vs 2.0, p < 0.001), higher LDH levels
(mean-630.3 vs 360.3, p < 0.001) were predominant in the expired
group vs the survivor group. Lymphopenia was more common in the
expired group than the survivor group (mean-0.9 vs 1.2, p < 0.001). A
greater number of patients in the expired group were on dialysis and
needed more oxygen support.

We identified several patient factors that predict mortality in
multivariate analysis: age 65 and older [OR = 3.87, 95% CI (2.01, 7.46),
p < 0.001], initial presentation with dyspnea [OR = 1.71, 95% CI (1.03,
2.82), p = 0.037], past medical history of cardiomyopathy [OR = 3.33,
95% CI (1.07, 10.41), p < 0.038], positive initial chest imaging findings
(infiltrates, opacities, ground glass opacities, etc.) [OR = 2.24, CI (1.26,
3.97), p = 0.006] and acute kidney injury (AKI) (defined as increase in
serum creatinine of 0.3 mg/dL in 48 h, serum creatinine increase of 1.5
mg/dL of baseline in 7 days or urine output of <0.5 mL/kg/hour in 6 h)
[OR = 3.33 CI (2.10, 5.28), p < 0.001]. Table 3 describes the initial
presenting symptoms in the emergency department and initial lab re-
ports of the patients.

4. Discussion

Identifying the risk factors that predict the outcomes in COVID-19
patients would help clinicians to stratify the patients based on the
severity of the disease and prognosis. Earlier identification of the pa-
tients with poor clinical outcomes aids in the management of the pa-
tients efficiently and proper allocation of resources. The available data
suggests that advanced age, underlying co-morbidities, various labora-
tory findings such as lymphopenia, thrombocytopenia, elevated in-
flammatory markers, and certain chest imaging findings are associated
with poor clinical outcomes [15-20]. In this study, we examined for
several factors that are associated with increased mortality in hospital-
ized COVID-19 patients.

The demographics of the study population are listed in Table 1. The
proportion of the patients admitted from the ICU was significantly
higher in the expired group than the survivor group (23.13% vs 6.18%).
Patients were much older in the expired group than the survivor group
(mean age 78.4 Years vs 64.1 Years). The proportion of male patients
was also higher in the expired group than the survivor group (63.27% vs
52.94%). Furthermore, the patients with age 65 years and older were

Table 3

Initial presenting symptoms in the emergency department and initial lab reports.
Total Number of Patients (N Expired (N = 147) Survived (N = p-
= 487) 340) Value
Symptoms in ED:
Cough - no. % 76 51.70% 164 48.24%  0.482
Fever - no. % 82 55.78% 190 55.88%  0.983
Dyspnea - no. % 106 72.11% 189 55.59%  <0.001
Initial positive CXR/CT 121 82.31% 223 65.59% <0.001

findings - no. %
Initial lab values during presentation — (mean, median):

WBC - 10°/L 14.0 8.7 8.4 7.3 0.001

Albumin - g/L 27 27 30 30 <0.001

Ferritin - pg/L 1247.9 1017.0 916.5 626.0 0.001

Procalcitonin - pg/L 3.9 0.7 3.4 0.2 <0.001

IL-6 - pg/mL 1200.9  245.6 162.6  56.4 <0.001

CRP - mg/L 140.3 133.0 81.2 67.4 <0.001

Absolute lymphocytes - 10°/ 0.9 0.7 1.2 0.9 <0.001
L

Highest absolute 1.0 0.9 1.6 1.3 <0.001
lymphocytes level - 10°/L

Lactic acid - mmol/L 3.1 2.3 2.0 1.5 <0.001

Highest lactic acid level — 3.8 2.6 2.2 1.6 <0.001
mmol/L

LDH - U/L 630.3 449.5 360.3 317.0 <0.001

Highest LDH Level - U/L 645.5 464.0 373.0 3225 <0.001

ED - emergency department, CXR - chest x-ray, CT - computed tomography, IL-6
- interleukin-6, CRP - C-reactive protein, LDH - lactate dehydrogenase.
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higher in the expired group compared to the survivor group [OR = 3.87,
95% CI (2.01, 7.46), p < 0.001] (Table 5). Older age and male sex are
poor prognostic factors, and these findings are consistent with previous
studies [5,19,21-24].

Our study showed the patients with respiratory symptoms during an
initial presentation were more common in the expired group than the
survivor group (dyspnea - 72.11% vs 55.59%, cough —51.70% vs
48.24%) (Table 3). The percentage of the patients presenting with
positive chest imaging findings at initial presentation was higher in the
expired group than the survivor group (82.31% vs 65.59%). Patients
initially presenting with dyspnea [OR =1.71, CI (1.03, 2.82), p = 0.037]
and positive chest imaging findings on presentation [OR = 2.24, CI
(1.26, 3.27), p = 0.006] have higher odds of mortality. Increased WBC
count (mean - 14.0 vs 8.4), lymphopenia (mean-0.9 vs 1.2), and low
albumin (mean-27 vs 30) were observed in the expired group when
compared with the survivor group (Table 3). Several inflammatory
markers such as ferritin, procalcitonin, IL-6 levels, and C-reactive pro-
tein were elevated in the expired group (Table 3). Lactic acid levels
(mean-3.1 vs 2.0) and LDH levels (mean-630.3 vs 360.3) were elevated
in the expired group than the survivor group (Table 3). Active cancer
diagnosis was higher in the deceased group, but did not predict mor-
tality in multivariate analysis. This may be due to a smaller sample size
[25]. Various patient factors including clinical features, laboratory, and
positive imaging findings have been identified as predictors of clinical
outcomes in other studies [26]. The novel coronavirus is known to
induce a cytokine storm that results in various clinical manifestations in
patients [10,27]. This is likely the cause of several elevated inflamma-
tory markers in critically ill patients. Lymphopenia, high serum lactate,
D-dimer levels, interleukin-6, and cardiac troponins have been associ-
ated with poor outcomes [12,13,28-31]. COVID-19 patients in the
intensive care unit have been found to have higher levels of various
proinflammatory cytokines [32].

This study showed the odds of mortality in patients with a history of
cardiomyopathy were higher [OR = 3.33, 95% CI (1.07, 10.41), p <
0.038]. Previous studies have demonstrated the association of poor
patient outcomes with various cardiovascular conditions such as hy-
pertension, coronary artery disease, heart failure, and cardiac
arrhythmia, but there is limited evidence showing the association with
cardiomyopathy [33-35]. A recent study demonstrated that the novel
coronavirus might cause cardiac injury and the patients with elevated
cardiac troponins and LDH had poor clinical outcomes [36]. Thus, it was
hypothesized that severe inflammatory response in COVID-19 patients
with preexisting cardiovascular conditions may precipitate cardiac
injury [37].

This study also showed that the odds of mortality were higher in
patients with acute kidney injury [OR = 3.33 CI (2.10, 5.28), p < 0.0011.
A recent prospective cohort study by Cheng et al. showed that COVID-19
patients with underlying renal disorders and the development of AKI
during hospitalization were associated with higher in-hospital mortality
[38]. Several other studies have also showed the association between
AKI and increased mortality [39]. Although the exact mechanism of
renal injury in COVID-19 is not yet clear, several studies have shown the
association between SARS-CoV-2 and renal involvement [40-44]. More
studies are needed to evaluate risk factors and long-term outcomes,
especially for patients who developed AKI, proteinuria, and microscopic
hematuria associated with COVID-19.

4.1. Limitations

Several limitations must be considered while interpreting this study.
First, as it is a single center study with a largely geriatric population, it is
vulnerable to certain tendencies, such as selection bias. Second, since
this is a retrospective study using electronic medical records, we cannot
make inferences regarding causality. Third, we cannot generalize the
findings to the outpatient setting, as this was an inpatient hospital study.
Additional limitations include variations in treatment protocol based on
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patient setting; for example: proning of patients by a dedicated team in
the ICU, vs. encouragement of self-proning for patients on medical units
(Table 4). We identified history of cardiomyopathy (Table 2) by chart
review (physician diagnosis or inclusion in past medical history); ejec-
tion fraction information was not available for all patients. Similar
studies at multiple centers with larger sample sizes are needed to sub-
stantiate these results.

5. Conclusion

Overall, our study supports the findings of the previous studies. We
identified several predictors for increased mortality in hospitalized
COVID-19 patients. These are: age 65 and older, an initial presentation
with dyspnea, positive chest imaging findings during initial presenta-
tion, past medical history of cardiomyopathy, and AKI. Out of these
variables, the current evidence regarding the association between car-
diomyopathy and mortality in COVID-19 patients is very limited.
Particular consideration should be given to these variables, as they help
to identify patients requiring early intervention and improve the chan-
ces of survival. In addition, mortality was higher for those with several
underlying conditions, and although this was not significant in multi-
variate analysis, it warrants further study. Larger multiple center studies
are needed to establish a stronger evidence.
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Table 4
Patient outcomes.

Total Number of Patients (N Expired (N = 147) Survived (N = p-

= 487) 340) Value

Total length of stay in days -  6.67 0-25 6.36 0-22 0.478
mean (SD), range 4.7) (3.8)

ICU stay - no. % 67 45.58% 34 10.00%  <0.001

ICU LOS - mean (SD), range 4.48 1-15 3.76 1-13 0.285

(3.2) (3.0)

Proning — no. % 23 15.65% 9 2.65% <0.001

Number of proning days - 2.78 1-10 3.25 1-10 0.696
mean (SD), range 2.7) (3.1)

Required dialysis inpatient - 14 9.52% 20 5.88% 0.147
no. %

Vented - no. % 57 38.78% 12 3.53% <0.001

Vented LOS - mean (SD), 4.09 0-15 5.17 1-11 0.288
range (3.1) (3.4)

02 [defined as high flow, 136 92.52% 231 67.94% <0.001
CPAP, vent mask, NRB]) —
no. %

Stroke — no. % 0 0.00% 2 0.59% 1.000

Readmission within 7 days— 0 0.00% 23 6.76% 0.001
no. %

Readmission within 30 days 1 0.68% 30 8.82% <0.001
—no. %

SD - standard deviation, LOS- length of stay (in days), CPAP- continuous positive
airway pressure, NRB- non-rebreather mask.

Table 5
Risk factors and symptoms: predictors for mortality.
Effect Odds 95% Wald p-
Ratio . Value
Confidence
Limits

Age 65 and older 3.87 2.01 7.46 <0.001
Gender (Male) 1.24 0.78 1.97 0.359
Patient admitted from home 1.18 0.69 203 0.552
PMH hypertension 1.04 0.59 1.83 0.883
PMH hyperlipidemia 1.36 0.83 221 0.221
PMH Cardiomyopathy 3.33 1.07 10.41 0.038
PMH A. fib 0.91 0.50 1.65 0.760
PMH COPD 1.21 0.70  2.09 0.505
PMH CVA 1.54 0.73 3.26 0.258
PMH DM 1.09 0.67 178 0.723
PMH Dementia 1.38 0.76  2.50 0.294
PMH Active cancer 1.44 0.77 271 0.253
AKI (Defined as increase in serum 3.33 2.10 5.28 <0.001

creatinine of 0.3 mg/dL in 48 h, serum

creatinine increase of 1.5 mg/dL from

baseline in 7 days or urine output of <0.5

mL/kg/hour in 6 h)
Dyspnea in ED noted as positive 1.71 1.03  2.82 0.037
Initial CXR/CT findings 2.24 1.26 3.97 0.006

PMH - past medical history, CHF - congestive heart failure, A. fib - atrial
fibrillation, COPD - chronic obstructive pulmonary disease, CVA - cerebrovas-
cular accident, CKD - chronic kidney disease, DM - diabetes mellitus, AKI - acute
kidney injury, CXR - chest x-ray, CT - computed tomography.
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