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Abstract
Introduction

The majority of patients infected with coronavirus disease 2019 (COVID-19) recover from the illness after
suffering mild to moderate symptoms, while approximately 20% progress to severe or critical disease, which
may result in death. Understanding the predictors of severe disease and mortality in COVID-19 patients will
help to risk stratify patients and improve clinical decision making. US data to inform this understanding are,
however, scarce. We studied predictors of COVID-19 mortality in a cohort of 1,116 hospitalized patients in
Southern California in the United States.

Methods

We conducted a retrospective cohort study of COVID-19 patients admitted at two hospitals in Southern
California United States between March 2020 and March 2021. Bivariate and multivariate analyses of the
relationship between mortality and other variables such as demographics, comorbidities, and laboratory
values were performed, with a p-value of 0.05 considered as significant.

Results

The analysis involved 1,116 COVID-19 patients, of which 51.5% were males and 48.5% were females. Of the
1,116 patients, 81.6% were whites, 7.2% were blacks, and 11.2% were other races. After adjusting for co-
variables, age (p<0.001), admission to intensive care unit (p< 0.001), use of remdesivir (p=0.018), C-reactive
protein (CRP) levels (p<0.001), and lactate dehydrogenase (LDH) levels (p=0.039) were independently
associated with mortality in our study. Gender, race, body mass index, presence of co-morbidities such as
diabetes and hypertension, and use of steroid, statin, calcium channel blockers, angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers were not associated with mortality in the multivariate
analysis.

Conclusion

In the cohort we studied, admission to intensive care unit was associated with decreased mortality while
older age, use of remdesivir, and high levels of CRP and LDH were associated with increased mortality in
COVID-19 patients.

Categories: Internal Medicine, Infectious Disease, Pulmonology
Keywords: intensive care unit (icu), creatine phosphokinase (cpk), lactate dehydrogenase (ldh), california, remdesivir,
mortality, covid-19

Introduction

Coronavirus disease 2019 (COVID-19) is caused by a novel coronavirus belonging to the family
Coronaviridae and has caused significant morbidity and mortality globally [1]. The first cases were reported
in China in December 2019 and a pandemic was declared on March 11, 2020, by the World Health
Organization [1]. The infection mainly presents as fever, body aches, shortness of breath, malaise, and dry
cough; some patients present with gastrointestinal symptoms such as diarrhea [1]. Most people infected with
COVID-19 virus have mild disease and recover, but about 20% of patients go on to develop severe or critical
disease that may result in death [2]. COVID-19 was first reported in the United States on January 21, 2020

[3]. Since then, there have been more than 32 million confirmed cases and over 500,000 COVID-19 deaths in
the United States as of May 22, 2021. Greater than 10% of these deaths occurred in California [4].

Although prior COVID-19 studies on predictors of severe disease and mortality have been published from
different locations globally, there is paucity of data from the United States. We now know from prior studies
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that advanced age, elevated inflammatory markers, presence of comorbidities such as diabetes and
hypertension, and presence of ground glass opacities on imaging are associated with increased risk of
mortality [5-8]. However, we do not clearly understand to what extent these factors predict death or survival
in patient with COVID-19 in California considering the paucity of studies from the United

States. Understanding the predictors of severe disease or mortality in COVID-19 patients will help to risk
stratify patients and inform clinical decisions. To our knowledge, this is the first study in Southern
California, which examines predictors of mortality in patients hospitalized with COVID-19.

Materials And Methods

This is a retrospective study of 1,116 COVID-19 patients who were admitted in two hospitals in Southern
California in the United States between March 2020 and March 2021. The study includes all patients who
sought care at the two facilities for COVID-19 and non-COVID-19-related symptoms and were diagnosed
with COVID-19 through a positive polymerase chain reaction nasopharyngeal swab. For COVID-19 patients
who were admitted in the hospital more than once during the study period for COVID-19 symptoms, their
last hospital admission data were used for the study. We used COVID-19 patients' last hospital admission for
COVID-19-related symptoms because some patients died from COVID-19-related complications during their
subsequent hospital admission. Using the last hospital admission prevented a misclassification bias because
we would otherwise have misclassified some patients who died as having survived if we only used their
initial hospitalization for COVID-19 symptoms. Relevant deidentified data were extracted from the
electronic medical record including patients age, sex, race, ethnicity, marital status, comorbidities,
laboratory results on admission, date of admission, date of discharge, medications they received while on
admission, and disposition at discharge. The decision on each patient’s level of care and what treatment to
start on each patient was done by the hospitals' COVID-19 team consisting of a pulmonary and critical care
specialist and hospitalists, in consultation with an infectious disease specialist and pharmacist. Every
COVID-19 patient was seen by one of the members of the COVID-19 team.

Univariate analysis of study variables was done using means and percentages. Bivariate analysis of the
relationship of different study variables with mortality was done using chi-square and t-test, with a p-value
of 0.05 considered as significant. Finally, backward selection cox regression analysis was done using
mortality as a dependent variable. All other variables such as patients' age, sex, race, ethnicity, marital
status, comorbidities, medication that patients received while in the hospital, and laboratory results on
admission were included as independent variables. The effect was expressed in terms of hazards ratio with
95% confidence interval. Statistical analysis was done using IBM SPSS version 27 (IBM Corp, Armonk, NY).
The study was approved by WIRB-Copernicus Group institutional review board (IRB) and the study IRB
approval number is 13410516.

Results

Baseline study characteristics

The analysis involved 1,116 COVID-19 patients, of which 51.5% were males and 48.5% females. Of the 1,116
patients, 81.6% were whites, 7.2% were blacks, and 11.2% were other races. Nineteen percent of the patients
were placed on a ventilator during their hospital admission and 26.4% of the patients died during hospital
admission.

Bivariate analysis

In the bivariate analysis of categorical variables, male sex (p<0.001), ventilator dependence (p<0.001),
admission to intensive care unit (ICU) (p<0.001), presence of hypertension (p=0.009), chronic kidney disease
(p<0.001), acute kidney injury (p<0.001), congestive heart failure (p<0.001), chronic obstructive pulmonary
disease (p=0.005), coronary artery disease (p<0.001), beta blockers use (p=0.015), calcium channel blocker
use (p=0.01), and steroid use (p<0.001) were associated with increased mortality (Table I). Patients’ race,
diabetes, cerebrovascular accident, and use of angiotensin-converting-enzyme inhibitors (ACEi) or
angiotensin receptor blockers (ARBs) were not associated with increased mortality (Table ).

Expired Survived p-Value
180 (31.3%) 395 (68.7%) <0.001
115 (21.3%) 426 (78.7%)

239 (26.2%) 672 (73.8%) 0.156
16 (20%) 64 (80%)

40 (32%) 85 (68%)
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Ventilator use
Yes 169 (81.6%) 38 (18.4%) <0.001
No 126 (13.9%) 783 (86.1%)

Intensive care unit admission

Yes 195 (81.9%) 43 (18.1%) <0.001
No 100 (11.4%) 778 (88.6%)

Diabetes

Yes 143 (28.7%) 356 (71.3%) 0.13
No 152 (24.6%) 465 (75.4%)

Hypertension

Yes 197 (29.2%) 477 (70.8%) 0.009
No 98 (22.2%) 344 (77.8%)

Chronic kidney disease

Yes 80 (35.2%) 147 (64.8%) <0.001
No 215 (24.2%) 674 (75.8%)

Acute kidney injury

Yes 137 (46.6%) 157 (53.4%) <0.001
No 158 (19.2%) 664 (80.8%)

Congestive heart failure

Yes 73 (37.6%) 121 (62.4%) <0.001
No 222 (24.1%) 700 (75.9%)

Chronic obstructive pulmonary disease

Yes 56 (35.7%) 101 (64.3%) 0.005
No 239 (24.9%) 720 (75.1%)

Cerebrovascular accident (stroke)

Yes 25 (34.2%) 48 (65.8%) 0.117
No 270 (25.9%) 773 (74.1%)

Coronary artery disease

Yes 76 (36.9%) 130 (73.6%) <0.001
No 219 (24.1%) 691 (75.9%)

Use of ACEi or ARBs

Yes 64 (22.9%) 216 (77.1%) 0.117
No 231 (27.6%) 605 (72.4%)

Use of beta-blocker

Yes 108 (31.2%) 238 (68.8%) 0.015
No 187 (24.3%) 583 (75.7%)

Use of calcium channel blocker

Yes 89 (32.4%) 186 (67.6%) 0.01

No 206 (24.5%) 635 (75.5%)
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Use of statin

Yes 140 (28.2%) 357 (71.8%) 0.239
No 155 (25%) 464 (75%)

Use of steroid

Yes 239 (32.5%) 496 (67.5%) <0.001

No 56 (14.7%) 325 (85.3%)

TABLE 1: Bivariate analysis of the relationship between categorical variables and mortality

ACEi: angiotensin-converting enzyme inhibitors; ARB: angiotensin receptor blockers

In the bivariate analysis of the continuous variables, longer duration of hospital stay (p<0.001), older age
(p<0.001), and higher admission C-reactive protein (CRP) (p<0.001), lactate dehydrogenase (LDH) (p<0.001),
d-dimer (p<0.001), ferritin (p=0.04), troponin (p<0.001), platelet count (p<0.001), white blood cell count
(p<0.001), potassium (p<0.001), and creatinine (<0.001) were associated with increased mortality (Table 2).
Higher body mass index (BMI) (p=0.75) was not associated with increased mortality (Table 2).
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Expired Number of patients Mean Standard deviation p-Value

No 821 7.72 7.21 <0.001
Length of stay (days)

Yes 295 12.66 9.57

No 821 63.48 18.31 <0.001
Age (years)

Yes 295 71.20 13.53

No 821 30.84 8.85 0.75
Body mass index

Yes 295 30.65 9.06

No 636 8.00 6.22 <0.001
C-reactive protein

Yes 249 11.63 6.43

No 626 339.05 433.13 <0.001
Lactate dehydrogenase

Yes 238 581.04 626.22

No 691 1098.00 1319.16 <0.001
D-dimer

Yes 257 1954.26 1612.68

No 470 662.14 2430.87 0.04
Ferritin

Yes 211 1107.52 2973.51

No 747 0.13 0.53 <0.001
Troponin

Yes 277 0.43 1.69

No 557 254.89 736.69 <0.001
Creatine phosphokinase

Yes 217 850.33 3985.84

No 812 254.36 114.64 <0.001
Platelet

Yes 278 221.23 102.39

No 819 9.10 5.16 <0.001
White blood cell

Yes 281 12.32 6.65

No 814 4.18 0.63 <0.001
Potassium

Yes 280 4.49 0.82

No 814 1.42 1.99 <0.001
Creatinine

Yes 280 2.13 2.38

TABLE 2: Bivariate analysis of the relationship between continuous variables and mortality

Multivariate analysis

After adjusting for co-variables including patients’ demographics, comorbidities, laboratory results on
admission and other medications that patients received while hospitalized, age (p<0.001), admission to ICU
(p< 0.001), CRP (p<0.001), LDH (p=0.039), and use of remdesivir (0.018) were independently associated with
mortality in COVID-19 patients in our study (Table 3).
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Intensive care unit admission
C-reactive protein

Lactate dehydrogenase
Remdesivir use

Age

95% ClI for hazard ratio

Regression coefficient Standard error p-Value Hazard ratio

Lower Upper
-1.059 0.159 0.000 0.347 0.254 0.474
0.042 0.011 0.000 1.043 1.021 1.066
0.000 0.000 0.039 1.000 1.000 1.000
0.337 0.143 0.018 1.401 1.059 1.853
0.034 0.006 0.000 1.034 1.023 1.046

TABLE 3: Multivariate cox regression (proportional hazard) analysis of factors that affect mortality

in COVID-19 patients

Cl: confidence interval; COVID-19: coronavirus disease 2019

A one-year increase in age was associated with 1.03 increased risk of mortality. Admission to the ICU
resulted in 0.35 decreased risk of mortality. A one-unit increase in CRP was associated with 1.04 increased
risk of mortality and one-unit increase in LDH is associated with 1.0 increased risk of mortality.

Gender, race, BMI, presence of co-morbidities such as diabetes and hypertension, and use of steroids, beta-
blockers, ACEi, or ARBs were not associated with mortality in the multivariate analysis (Table 3).

Discussion

Our analysis of mortality predictors in COVID-19 patients admitted in two hospitals in Southern California
found multiple independent predictors of mortality. While some of our findings were consistent with
findings in previous studies, other findings were unexpected. Consistent with prior studies, increased age
appears to be a strong risk factor for COVID-19 mortality in our study. A one-year increase in age was
associated with 1.03 increased risk of mortality after adjusting for other co-variables. Age has consistently
been found to be an important independent risk factor for both severe disease and mortality in COVID-19
patients and mortality increases with age, with the highest mortality reported among people over 80 years
of age [2,9-12].

Our study found that being admitted in ICU resulted in 0.35 decreased risk of mortality. In our study, 82% of
patients who were admitted to the ICU died and we had expected that ICU admission had no effect on
mortality because of the high mortality rate of those admitted to ICU. However, contrary to our expectation,
being admitted to the ICU significantly increased the chances of survival. In some health facilities, including
the facilities in our study, due to pandemic pressures on limited ICU services, there was widespread use of
advanced respiratory support (non-invasive ventilation or high-flow nasal oxygen) outside ICUs and ICU
admission was reserved for patients that were deemed to be more severe [13]. However, based on the result
of this study, severe or critically ill COVID-19 patients who were not admitted to the ICU, including patients
who requested not to be resuscitated or intubated, were more likely to die compared to those that were
admitted to ICU. Patients who requested not to be resuscitated or intubated were usually not admitted to the
ICU irrespective of their sickness severity and this might explain the mortality benefit with ICU admission.
Unfortunately, we did not have data on the number of COVID-19 patients who requested not to be
resuscitated or intubated and could not adjust for these in our regression model. Conversely, close
monitoring and early intervention for patients in ICU could explain the mortality benefit seen with ICU
admission. However, our study did not show any mortality benefit with ventilator use.

Furthermore, we found that the use of remdesivir was associated with increased risk of mortality after
adjusting for patients’ demographics, comorbidities, laboratory results on admission, and other medications
that patients received while hospitalized. Though remdesivir has been found to be beneficial when used
early in the course of COVID-19 illness, studies have shown that, similar to our finding, it may not be
beneficial in the later stage of COVID-19 illness or in critically ill patients requiring mechanical ventilation
[14-17]. This is because while remdesivir may be beneficial in the initial phase of viral replication in COVID-
19 patients, severe disease in Covid-19 patient is mainly caused by the host's aggressive inflammatory
response against COVID-19 virus and remdesivir might not be very beneficial at that stage [18,19]. The
reason for the increased mortality with remdesivir in our study is not clear but one possible explanation is
that the increased mortality could be secondary to remdesivir-associated bradycardia. The use of remdesivir
has been associated with bradycardia in COVID-19 patients and bradycardia has been associated with
increased mortality in COVID-19 patients [20-22].
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The use of corticosteroids including dexamethasone or methylprednisolone was not associated with
decreased mortality in our study after adjusting for patients’ demographics, comorbidities, laboratory
results on admission, and other medications that patients received while hospitalized. Prior studies have
shown that use of steroids lowers mortality among severe or critically ill patients who were and were not
receiving invasive mechanical ventilation, irrespective of patients' age or gender by modulating
inflammation-mediated lung injury and thereby reducing progression to respiratory failure and death
[23,24]. Both high- and low-dose steroid use has been associated with decreased mortality, and, currently,
there was no evidence suggesting that a higher dose of steroid is associated with significant greater benefit
than a lower dose [23,25]. In the landmark RECOVERY trial that showed that dexamethasone has mortality
benefit in COVID-19 patients, less than 0.1% of patients received concomitant remdesivir and the study did
not report the proportions of patients who were on high-flow device or non-invasive ventilation or the
amount of oxygen that patients received [24]. In our study, 60% of the patients who received steroid also
received remdesivir and the lack of mortality benefit with steroid seen in our study may be due to the
difference between our study population and the studies that showed mortality benefit with steroids.

We found that high CRP and LDH levels were associated with increased risk of mortality. A one-unit increase
in CRP was associated with 1.04 increased risk of mortality and one-unit increase in LDH was associated
with 1.0 increased risk of mortality. LDH and CRP are markers of acute inflammation and hypoxia in
COVID-19 patients and increased levels of CRP and LDH correlate with increased severity of illness and
increased risk of death [26-28].

Our study has some limitations. First, our study is a retrospective observational study and though we
adjusted for major comorbidities and confounders in our analysis (Tables I, 2), we may not have adjusted for
some unmeasured or unknown confounders. However, we did not have data on the number of COVID-19
patients who requested not to be resuscitated or intubated and those who received COVID-19 vaccine and
could not adjust for these in our regression model. Secondly, patients’ medications included in the analysis
were based on information in the hospital electronic medical record which may not capture all the
medication patients were taking outpatient and could have led to misclassification bias; however, we believe
that the chance of this happening is minimal and will not have substantially affected the result of our study.
Thirdly, the findings of our study are only generalizable to hospitalized COVID-19 population.

Conclusions

In conclusion, this is a retrospective study of 1,116 COVID-19 patients who were admitted at two hospitals
in Southern California, United States, between March 2020 and March 2021. After adjusting for independent
variables, older age, high levels of CRP and LDH, and use of remdesivir were associated with increased
mortality in our study. Conversely, admission to ICU was associated with decreased mortality while there
was no mortality benefit with the use of steroid, statin, calcium channel blockers, or ACEi and ARB.
Increased BMI, hypertension, and diabetes were not independently associated with mortality. There is need
for more research on the mortality benefit of ICU admission for COVID-19 patients who request not to be
resuscitated or intubated. There is also need for more studies on the mortality benefit of concurrent use of
remdesivir and steroids in COVID-19 patients.

Additional Information
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