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The Impact of Age, Sex, and Race on the Association of Risk 
Factors and Mortality in COVID-19 Patients
Sadie Solomon, BS1*, Sarah Hochman, MD1,2, Rahayma Sheikh, BA1, Jennifer Lighter, MD1,3, Michael 
Phillips, MD1,2 and Anna Stachel, PhD, MPH1

Abstract
Background: Several comorbidities and demographic 
factors are associated with mortality in Covid-19 patients. 
However, limited analysis exists of interactions between 
comorbidities and demographics for Covid-19 outcomes.

Methods: Retrospective analysis of adult patients with 
laboratory-confirmed Covid-19 from March 3rd - May 
31st 2020 at NYU Langone Health. Patients selected had 
visited emergency departments, outpatient testing clinics, 
or were discharged from an inpatient location as of May 
31st 2020. We assessed the moderating effects of patient 
demographics on the relationship between comorbidities 
and mortality.

Results: The research cohort included 8,324 patients, 
918 (11.0%) of whom died. After adjustment, females 
with depression (OR 1.2, 95% CI 0.8-1.6, p = 0.44) had 
increased mortality risk compared to males with depression. 
Younger patients with cardiac arrhythmia (OR 15.3, 95% CI 
9.0-25.9, p < 0.001), neurological disorders (OR 4.6, 95% 
CI 2.9-7.3, p < 0.001), paralysis (OR 2.5, 95% CI 1.0-6.1, 
p = 0.04), and pulmonary disorders (OR 4.5, 95% CI 2.7-
7.4, p < 0.001) had increased mortality risk compared to 
older patients with these comorbidities, respectively. White 
patients with anemia (OR 1.2, 95% CI 0.8-1.7, p = 0.32) and 
Black patients with solid tumor without metastasis (OR 2.0, 
95% CI 1.0-3.9, p = 0.03) had an increased risk of mortality 
compared to patients of other racial groups with the same 
comorbidity.

Conclusions: While generally at lower risk, patients with 
Covid-19 who were female, younger, white or black were at 

higher risk of mortality with certain comorbidities, compared 
to their appropriate control counterpart. This information can 
be used to inform the public, influence triage, care decisions, 
and vaccination plans.

Keywords
Covid-19 mortality, Modification effect, Social determinants, 
Covid-19 risk factors

ORiginAL ARticLe

*Corresponding authors: Sadie Solomon, Department of Infection Prevention and Control, New York University Langone 
Health, 545 First Avenue, Greenberg Hall, SC1-171, New York, NY 10016, USA, Tel: 212-263-5454, Fax: 212-263-0523

1Department of Infection Prevention and Control, NYU Langone Health, New York, USA
2Division of Infectious Diseases, Department of Medicine, NYU Grossman School of Medicine, New York, 
USA
3Division of Pediatric Infectious Diseases, Department of Pediatrics, NYU Grossman School of Medicine, 
New York, USA

Check for
updates

Introduction
The emergence of coronavirus disease 2019 

(Covid-19), caused by the SARS-CoV-2 virus, has 
triggered an ongoing global pandemic [1]. As of March 
25th 2021 there have been over 124 million reported 
cases worldwide and over 2.7 million reported deaths. 
In the United States, there over 30 million confirmed 
cases with over 540,000 deaths [2]. In the spring of 2020 
New York City was hit particularly hard, as infection 
occurred on a population-wide scale prior to when 
testing became readily available.

Covid-19 manifests with a variety of symptoms 
and degrees of severity; while the majority of people 
experience no or mild symptoms, many require 
hospitalization for acute or intensive care and 
experience high mortality [3,4]. Previous studies have 
established risk factors among hospitalized patients, 
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those who require critical care, and patients with Covid-
19-associated mortality. Studies show patients who are 
older, male, and have comorbidities such as diabetes 
and hypertension (HTN) are at increased risk for adverse 
outcomes [5-7]. These demographic and comorbidity 
trends associated with Covid-19 hospitalization and 
mortality are similar to disparities found in overall 
adverse health outcomes [8]. Establishing these initial 
trends is important for clinicians to target limited 
therapeutics and prioritize vaccine strategies for 
vulnerable populations who are at risk of hospitalization 
or even death. Prior observations have been reported 
for large groups but these may not be applied to certain 
patient subsets. It is essential, in light of the sustained 
high number of Covid-19 cases and deaths throughout 
the United States [9], that we identify subsets of the 
population at high risk for Covid-19 mortality.

To date, many studies have focused on descriptive 
analyses of comorbidities and demographic differences 
among patients with Covid-19, and relied on 
comprehensive data collection at different institutions 
to establish a research cohort [7,8], or focused on a small 
cohort in one hospital system [1,10,11]. Studies have 
also focused on patient outcomes and their association 
with comorbidities and demographic factors [12-14]. 
Several papers have described the comorbidities, 
demographics, and clinical outcomes of US patients 
[15,16], as well as created models to predict Covid-19 
mortality risk [17,18]; however analyses that identify 
disparities in mortality risk within demographic groups, 
especially potential interaction effects, are limited in 
the US literature [19,20].

The aim of the study was to assess the impact 
of demographic factors of sex, age, and race on the 
association between comorbidities and mortality in 
Covid-19 patients. Statistically significant modification 
effects indicate the relationship between comorbidities 
and mortality varies as a function of the patient 
demographic. We identify patient groups with Covid-19 
previously thought to be at low risk for severe disease 
in whom specific comorbidities make them more 
vulnerable to death.

Methods

Study population
This retrospective study includes a cohort of 8,324 

adult patients who presented to NYU Langone Health 
System and were diagnosed with Covid-19 between 
March 3rd and May 31st 2020. The academic medical 
system comprises 2,000 inpatient beds among four 
major hospitals in urban and suburban settings in 
Manhattan, Brooklyn, and Long Island NY, with diverse 
patient populations. Patients were diagnosed with 
Covid-19 when symptomatic for Covid-like symptoms 
and had a positive SARS-CoV-2 nasopharyngeal PCR.

Data collection
We identified patients with Covid-19 by extracting 

positive SARS-CoV-2 PCR results from the electronic 
medical record (EMR) system Epic (Epic Systems, Verona, 
WI). Comorbidity and demographic information, as well 
as information on in-hospital critical care and death, was 
extracted from the EMR for all patients with Covid-19. 
Comorbidity data was collected by extracting ICD-9/
ICD-10 problem list and billing diagnosis codes.

Comorbidity/demographic selection
Comorbidities used to determine the Elixhauser 

comorbidity score were selected for analysis [21]. Some 
modifications were made to these established ICD-9 
and ICD-10 codes due to potential data quality issues 
(Appendix 1). These modifications included: 1) Drug 
abuse and weight loss 2) Deficiency anemia and blood 
loss anemia were combined to create Anemia, and only 
diabetes with complications was included. Additional 
comorbidities from the Charlson comorbidity index [22] 
that were not identified in the Elixhauser comorbidity 
index were also assessed, including cerebrovascular 
disease, dementia, and myocardial infarction. Finally, 
hyperlipidemia, a risk factor not identified by Charlson or 
Elixhauser, was included due to its common prevalence 
in the US population [23].

The literature has suggested certain Charlson and 
Elixhauser comorbidities are not risk factors but rather 
caused by Covid-19 infection specifically Coagulopathy 
[24] and fluid and electrolyte disorders [25], therefore 
excluded them from the analysis. Previous studies for 
other medical conditions have shown that demographic 
factors can modify associations between risk factors 
and outcomes such as peritoneal dialysis and mortality 
[26,27]. Here we assess whether sex, age, and race 
affected the relationship between the aforementioned 
comorbidities and mortality. The researchers chose to 
focus on the demographic factors of sex, age, and race, 
due to the observed differences in Covid-19 disease 
outcomes within these groups [28-31].

Statistical analysis
To identify which comorbidity-mortality 

relationships are moderated by demographic factors, 
we developed three fully specified models for sex, age, 
and race. First, we performed a univariate analysis of 
the demographic characteristics and comorbidities with 
mortality in Covid-19 patients to identify significant 
relationships. Next, we assessed for potential 
demographic modification effects on the association 
between comorbidities and mortality to determine 
if the relationship differs among sub-demographic 
groups. We did this by assessing the significance of 
each interaction effect between the demographic, 
comorbidity and outcome.

The final model included all the identified 
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Table 1: Univariate analysis of demographic/comorbidities and mortality of adult patients with Covid-19 at NYU Langone Health 
from March 3 - May 31 2020 (N = 8324).

Risk Factor Survivor (N = 7406) Expired (N = 918) OR (CI) P Value
Demographics
Female 3955 (53.4) 333 (36.3)
Male 3451 (46.6) 585 (63.7) 2.0 (1.7-2.3) < 0.001
Age (years) 52.0 ± 17.9 73.2 ± 14.0  < 0.001
Age > = 60 yo 2594 (35.0) 778 (84.7) 10.3 (8.6-12.4) < 0.001
Age < 60 yo 4812 (65.0) 140 (15.3) < 0.001
White 2972 (40.1) 449 (48.9) 1.4 (1.2-1.7) < 0.001
Black 1350 (18.2) 105 (11.4) 0.6 (0.5-0.7) < 0.001
Hispanica 1060 (14.3) 221 (24.1) 1.9 (1.6-2.2) < 0.001
Asian 536 (7.2) 80 (8.7) 1.2 (1.0-1.6) 0.11
Other Race/Unknown 2548 (34.4) 284 (30.9) 1.0 (0.8-1.1) 0.71
Comorbidities
BMI (kg/m2) 29.1 ± 6.8 29.2 ± 7.3  0.71
Morbid Obesity (BMI > = 35 kg/m2) 956 (12.9) 138 (15.0) 1.2 (1-1.4) 0.08
HIV/AIDS 48 (0.6) 9 (1.0) 1.5 (0.7-3.1) 0.25
Alcohol Misuse 110 (1.5) 22 (2.4) 1.6 (1-2.6) 0.04
Asthma 701 (9.5) 97 (10.6) 1.1 (0.9-1.4) 0.29
Anemia 345 (4.7) 87 (9.5) 2.1 (1.7-2.7) < 0.001
Cardiac Arrhythmia 2144 (28.9) 795 (86.6) 15.9 (13-19.3) < 0.001
CHF 464 (6.3) 269 (29.3) 6.2 (5.2-7.4) < 0.001
Cerebrovascular Disease 378 (5.1) 149 (16.2) 3.6 (2.9-4.4) < 0.001
Coagulopathy 550 (7.4) 345 (37.6) 7.5 (6.4-8.8) < 0.001
CPD 1067 (14.4) 239 (26.0) 2.1 (1.8-2.5) < 0.001
Cancerb 395 (5.3) 124 (13.5) 2.8 (2.2-3.4) < 0.001
Hematologic Malignancy 33 (0.4) 18 (2.0) 4.5 (2.5-8) < 0.001
Solid Tumor (without Metastasis) 321 (4.3) 95 (10.3) 2.5 (2-3.2) < 0.001
Lymphoma 50 (0.7) 16 (1.7) 2.6 (1.5-4.6) 0.001
Dementia 270 (3.6) 139 (15.1) 4.7 (3.8-5.9) < 0.001
Depression 641 (8.7) 137 (14.9) 1.9 (1.5-2.3) < 0.001
Diabetes with Complications 566 (7.6) 243 (26.5) 4.4 (3.7-5.2) < 0.001
Fluid and Electrolyte Disorders 2026 (27.4) 819 (89.2) 22 (17.7-27.2) < 0.001
HLD 2067 (27.9) 564 (61.4) 4.1 (3.6-4.7) < 0.001
HTN 2715 (36.7) 744 (81.0) 7.4 (6.2-8.8) < 0.001
Hypothyroidism 600 (8.1) 139 (15.1) 2 (1.7-2.5) < 0.001
Liver Disease 312 (4.2) 121 (13.2) 3.5 (2.8-4.3) < 0.001
Myocardial Infarction 316 (4.3) 222 (24.2) 7.2 (5.9-8.6) < 0.001
Neurological Disorder 613 (8.3) 381 (41.5) 7.9 (6.7-9.2) < 0.001
Paralysis 85 (1.1) 47 (5.1) 4.6 (3.2-6.7) < 0.001
Psychoses 127 (1.7) 32 (3.5) 2.1 (1.4-3.1) < 0.001
PUD 70 (0.9) 21 (2.3) 2.5 (1.5-4) < 0.001
Pulmonary Disorders 334 (4.5) 203 (22.1) 6 (5-7.3) < 0.001
PV Disorders 425 (5.7) 159 (17.3) 3.4 (2.8-4.2) < 0.001
Renal Disease 794 (10.7) 397 (43.2) 6.3 (5.5-7.4) < 0.001
Renal Failure 719 (9.7) 370 (40.3) 6.3 (5.4-7.3) < 0.001
Rheumatic Disease 164 (2.2) 31 (3.4) 1.5 (1-2.3) 0.029
Smoking 246 (3.3) 23 (2.5) 0.7 (0.5-1.1) 0.16
Valvular Heart Disease 499 (6.7) 261 (28.4) 5.5 (4.6-6.5) < 0.001
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significant. The demographic modification (interaction) 
effects that remained significant included the following: 
sex and depression, age and cardiac arrhythmia, age 
and neurological disorders, age and paralysis, age 
and paralysis, age and pulmonary disorders, race and 
anemia, and race and solid tumor without metastasis.

Demographic characteristics found to significantly 
modify the association of comorbidity and mortality 
were stratified to provide more context of the effect. 
Figure 1, Figure 2 and Figure 3 show the differing 
mortality risk when comorbidities were stratified by 
sex, age, and race. The different pitches in regression 
line slopes depicted in Figure 1a illustrate the increased 
risk of mortality for females with depression compared 
to males with depression. Specifically, the regression 
line for females with depression is steeper, which 
shows a greater association with mortality, compared 
to males with depression. Figure 1b shows the 
adjusted odds of mortality in females with depression 
was 1.2 (95% CI 0.8-1.6, p = 0.44), compared to 0.5 
for males with depression (95% CI 0.4-0.7, p < 0.001) 
Figure 2 illustrates the increased mortality risk for 
patients younger than 60 years of age with (a) Cardiac 
arrhythmia, (b) Neurological disorders, (c) Paralysis, (d) 
Pulmonary disorders, compared to patients 60 years 
and older with these comorbidities. The adjusted odds 
of mortality in patients younger than 60 years of age 
with cardiac arrhythmia (OR 15.3, 95% CI 9.0-25.9, p < 
0.001), neurological disorders (OR 4.6, 95% CI 2.9-7.3, 
p < 0.001), paralysis (OR 2.5, 95% CI 1.0-6.1, p = 0.04), 
or pulmonary disorders (OR 4.5, 95% CI 2.7-7.4, p < 
0.001), were higher compared to people older than 60 
years with cardiac arrhythmia (OR 5.5, 95% CI 4.4-7.0, p 
< 0.001), neurological disorders (OR 2.6, 95% CI 2.1-31, 
p < 0.001), paralysis (OR 1.2, 95% CI 0.8-2.0, p = 0.39), 
or pulmonary disorders (OR 1.8, 95% CI 1.4-2.3, p < 
0.001), respectively (Figure 2e). Figure 3 illustrates the 
increased mortality risk for White patients with anemia 
(a) and Black patients with solid tumors (without 
metastasis) (b), compared to other racial groups with 
these comorbidities. The adjusted odds of mortality for 
White patients with anemia was 1.2 (95% CI 0.8-1.7, 
p = 0.32), compared to 0.2 for Black patients (95% CI 
0.1-0.7, p = 0.009), 0.4 for Asian patients (95% CI p = 
0.11), and 1.0 for patients with other/unknown racial 
backgrounds (95% CI 0.5-1.7, p = 0.9) (Figure 3c). The 
adjusted odds of mortality for Black patients with solid 
tumors without metastasis was 2.0 (95% CI 1.0-3.9, p = 
0.03) compared to 1.2 for White patients (95% CI 0.8-
1.8, p = 0.29), 0.3 for Asian patients (95% CI 0.1-1.6, p 

significant modifiers/interactions (alpha at 0.10), 
significant comorbidity variables (alpha at 0.05), and 
all demographic variables to allow for adjustment. 
Backward stepwise regression was used to identify 
the final fully specified models. To illustrate the 
magnitude of the demographic modification effects, 
the association between comorbidities and mortality 
were stratified by demographic subgroup, adjusting 
for all other demographic factors, comorbidities, and 
interactions. Additionally, significant modification 
effects/interactions were visualized to further illustrate 
the difference in trend across demographic groups. 
Univariate and multivariate analyses were performed 
using SAS, version 9.4 (SAS Institute, Cary NC).

Results
Table 1 shows the univariate associations of 

demographics/comorbidities and mortality in Covid-19 
patients. Of the 8,324 adult patients reviewed for this 
study, 918 (11%) died. Of patients who died, 64% were 
male (OR 2.0, 95% CI 1.7-2.3, p < 0.001), 85% were 
older than 60 years of age (OR 10.3, 95% CI 8.6-12.4, 
p < 0.001), 49% were white (OR 1.4, 95% CI 1.2-1.7, p 
< 0.001), 11% were Black (OR 0.6, 95% CI 0.5-0.7, p < 
0.001), and 9% were Asian (OR 1.2, 95% CI 1.0-1.6, p = 
0.11) (Table 1).

Thirty of the 34 comorbidities (88%) assessed 
were significantly associated with mortality (p < 0.05). 
Comorbidities with the highest mortality risk were: 
cardiac arrhythmia (OR 15.9, 95% CI 13-19.3, p < 0.001), 
coagulopathy (OR 7.5, 95% CI 6.4-8.8, p < 0.001), fluid 
and electrolyte disorders (OR 22, 95% CI 17.7-27.2, p < 
0.001), hypertension (OR 7.4, 95% CI 6.2-8.8, p < 0.001), 
myocardial infarction (OR 7.2, 95% CI 5.9-8.6, p < 0.001), 
and neurological disorders (OR 7.9, 95% CI 6.7-9.2, p < 
0.001) compared to not having the condition.

Table 2 shows the results from univariate analysis of 
comorbidities and demographic factors as well significant 
modification (interaction) effects. Significance was 
denoted using (*) to indicate unadjusted modification 
significant at p < 0.10, and (**) to indicate significance 
at p < 0.05. Forty-eight unadjusted modifications/
interaction effects were found to be significant at p < 
0.10; 43 of these interactions were significant at p < 
0.05. Sex, age, and race significantly modified 18, 23, 
and 7 unadjusted associations, respectively.

Significant demographic modification (interaction) 
effects were introduced into final models to determine 
modifications (interactions) that continued to stay 

Abbreviations: HIV/AIDS: Human Immunodeficiency Virus/Acquired Immunodeficiency Syndrome; CHF: Congestive Heart 
Failure; CPD: Chronic Pulmonary Disease; HLD: Hyperlipidemia; HTN: Hypertension; PUD: Peptic Ulcer Disease; PV: Peripheral 
Vascular. 
aIn the EMR, Hispanic is defined as an ethnicity and can be selected along with any of the options for race. Therefore the number 
of Hispanic patients overlaps with the number of patients of different racial groups and cannot be used to compute the total number 
of patients; bCancer does not correspond to the total of solid tumor (non-metastatic), non-solid tumor, and lymphoma as the cancer 
row only counts the total number of cancer patients, who may have multiple types of cancer.
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a. 

 

b. 

Risk Factor Survived 
(Male) 
(N=3451) 

 Died 
(Male) 
(N=585) 

OR* 
(CI) 
(Male) 

P-
value* 
(Male) 

Survived 
(Female) 
(N=3955) 

Died 
(Female) 
(N=333) 

OR* 
(CI) 
(Female) 

P-value* 
(Female) 

Depression 289 (8.4) 61 (10.4) 0.5 (0.4-
0.7) <.001 352 (8.9) 76 (22.8) 1.2 (0.8-

1.6) 0.44 

*adjusted by age, race, significant comorbidities and interactions (depression, cardiac arrhythmia, neurological 
disorders, paralysis, pulmonary disorders, anemia, solid tumor without metastasis) 
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Figure 1: Illustration of the moderation/interaction effect of sex on the association of depression and mortality in adult 
NYU Langone Health Covid-19 patients from March 3 - May 31 2020 (N = 8324), by a) Visualization of the moderation/
interaction effect, and b) Multivariate analysis of significant comorbidity and mortality interaction stratified by sex.

particularly affecting Black and Hispanic patients. 
Our analysis highlights the importance of certain 
comorbidities and their effect on the risk of mortality 
for certain demographic groups generally considered 
“low risk”, such as females and young people.

Our findings regarding the association between 
comorbidities and mortality in patients with Covid-19 
are consistent with other studies showing that patients 
with conditions such as diabetes, hypertension, and 
renal disease have increased risk of mortality [5,7]. Our 
study also expounds on the risk of mortality by assessing 
a more comprehensive list of comorbidities (Charlson 
and Elixhauser indices). In terms of demographics, 
our cohort demonstrated males and patients older 
than 60 years of age generally have increased risk of 

= 0.15), and 1.1 for patients with other/unknown racial 
backgrounds (95% CI 0.6-2.1, p = 0.64) (Figure 3c).

Discussion
To our knowledge, this is one of the first studies 

to examine the modification (interaction) effects of 
demographics on the association of comorbidities and 
mortality in a large urban US cohort of adult Covid-19 
patients. Publications thus far have described the 
demographic differences observed between patients 
who die from Covid-19 illness and those who survive, 
generally concluding that females and people younger 
than 60 years of age with Covid-19 have lower risk of 
severe disease and mortality [32]. Patients belonging 
to different racial groups have been shown to have 
disparate risk of mortality, with the mortality burden 

https://doi.org/10.23937/2474-3658/1510215
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a.   

 

c.  

 

e. 

b.   

 

d.  

 

Risk Factor Survived 
(≥60yo) 
(N=2594) 

Died 
(≥60yo) 
(N=778) 

OR* 
(CI) 
(≥60yo) 

P-value* 
(≥60yo) 

Survived 
(<60yo) 
(N=4812) 

Died 
(<60yo) 
(N=140) 

OR* (CI) 
(<60yo) 

P-value* 
(<60yo) 

Cardiac 
Arrythmia 

1226 
(47.3) 

673 
(86.5) 

5.5 (4.4-
7.0) <.001 918 (19.0) 122 

(87.1) 
15.3 (9.0-

25.9) <.001 

Neurological 
Disorder 

441 
(17.0) 

329 
(42.3) 

2.6 (2.1 
(3.1) <.001 172 (3.6) 52 

(37.1) 
4.6 (2.9-

7.3) <.001 

Paralysis 51 (2.0) 35 (4.5) 1.2 (0.8-
2.0) 0.39 34 (0.7) 12 (8.6) 2.5 (1.0-

6.1) 0.04 

Pulmonary 
Disorders 218 (8.4) 163 

(21.0) 
1.8 (1.4-

2.3) <.001 116 (2.4) 40 
(28.6) 

4.5 (2.7-
7.4) <.001 

*adjusted by age, race, significant comorbidities and interactions (depression, cardiac arrhythmia, neurological 
disorders, paralysis, pulmonary disorders, anemia, solid tumor without metastasis) 
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Disease Outcome
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Figure 2: Illustration of the moderation/interaction effect of age on the association of significant comorbidities and 
mortality in adult NYU Langone Health Covid-19 patients from March 3 - May 31 2020 (N = 8324), by visualization of the 
moderation/interaction effect on the association between a) Cardiac arrhythmia, b) Neurological disorders, c) Paralysis, 
d) Pulmonary disorders and mortality, and e) Multivariate analysis of significant comorbidity and mortality interaction 
stratified by age.

we found differences in risk among racial groups with 
certain comorbidities. Age significantly modified the 
greatest number of comorbidity associations with 
mortality, and in all age stratifications people younger 
than 60 years of age with the comorbidity had a greater 
mortality risk compared to people older than 60 years 
of age with the same comorbidity. Sex significantly 
modified the association between depression and 
mortality, and females with depression had greater 

mortality [13]. Our results of the risk of mortality in 
racial populations also approximate the infection and 
mortality statistics for New York City overall [33,34].

In this study, we found generally considered low-risk 
demographic groups-females and people younger than 
60 years of age-with certain comorbidities were actually 
at increased risk of mortality compared to their high-risk 
counterparts with the same comorbidity. Additionally, 
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a.   

 

 

b.   

 

c.   

Table 5: Multivariate analysis of significant comorbidities and mortality interaction stratified by race in adult 
NYU Langone Health patients from March 3 – May 31 2020 (N = 8324) 

Risk Factor Died 
(White
) (N= 
449) 

OR* 
(CI) 
(White
) 

P-
value* 
(White
) 

Died 
(Black) 
(N= 
105) 

OR* 
(CI) 
(Black)  

P-
value* 
(Black) 

Died 
(Asian) 
(N= 80) 

OR* 
(CI) 
(Asian) 

P-
value* 
(Asian) 

Died 
(Other/
Unkno
wn) 
(N= 
284) 

OR* 
(CI) 
(Other/
Unkno
wn) 

P-
value* 
(Other/
Unkno
wn) 

Anemia 56 
(12.5) 

1.2 
(0.8-
1.7) 

0.32 3 (2.9) 
0.2 

(0.1-
0.7) 

0.009 9 
(11.3) 

0.4 
(0.1-
1.2) 

0.11 19 
(6.7) 

1.0 
(0.5-
1.7) 

0.90 

Solid 
Tumor 
(without 
Metastasis) 

52 
(11.6) 

1.2 
(0.8-
1.8) 

0.29 19 
(18.1) 

2.0 
(1.0-
3.9) 

0.03 3 (3.8) 
0.3 

(0.1-
1.6) 

0.15 21 
(7.4) 

1.1 
(0.6-
2.1) 

0.64 

*adjusted by sex, age, significant comorbidities and interactions (depression, cardiac arrhythmia, neurological 
disorders, paralysis, pulmonary disorders, anemia, solid tumor without metastasis) 
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Figure 3: Illustration of the moderation/interaction effect of race on the association of significant comorbidities and 
mortality in adult NYU Langone Health Covid-19 patients from March 3 - May 31 2020 (N = 8324), by visualization of the 
moderation/interaction effect on the association between a) Anemia and b) Solid tumor (without metastasis) and mortality, 
and c) Multivariate analysis of significant comorbidity and mortality interaction stratified by race.

modification effects on the association of comorbidities 
and mortality is needed to fully understand disparities in 
the Covid-19 pandemic and their effect on communities.

Identifying groups with Covid-19 at greater risk for 
mortality can lead to increased awareness and targeted 
health interventions at the individual and community 
level to improve Covid-19 outcomes. Vulnerable groups 
who are aware of their increased risk may prioritize social 
distancing, vaccination and other preventive measures, 
and seek medical care sooner. Additionally, as states 
and countries around the world lift restrictions on travel 
and congregate settings, public health authorities may 
advise vulnerable groups of their increased risk in order 
to help them protect themselves. The modification 
effect of demographics found in our study may also have 
clinical implications for triage and care in the healthcare 
setting.

Limitations
A major limitation of our study was missing or 

incomplete data in the EMR. Moreover, comorbidities 
were extracted from patients’ problem lists associated 
with the ED/hospital encounter, without associated 
dates to identify their onset. Other limitations include 

mortality risk than males. Race significantly modified 
the association between anemia, and solid tumor 
without metastasis, and mortality; White patients with 
anemia had the greatest mortality risk of all anemia 
patients, and Black patients with solid tumors had 
the greatest mortality risk of all solid tumor patients. 
These modification (interaction) effects require further 
research into the root causes of these effects, but these 
results show the presence of previously unidentified at-
risk subgroups.

Further studies are needed to understand the 
relationship between demographics, comorbidities, 
and mortality in Covid-19 patients, including the 
impact of access and delivery of medical care. Studies 
have begun to investigate the effect of comorbidities 
such as obesity on certain subgroups’ risk of severe 
Covid-19 disease [35,36], suggesting the need for more 
comprehensive analysis of demographic modification 
effects on the association of comorbidities and severe 
outcomes. Additionally, research has started to probe 
the underlying mechanisms responsible for the sex 
disparities in mortality in Covid-19 patients [37]. 
Research focusing on additional demographic factors-
such as socioeconomic status-and their potential 

https://doi.org/10.23937/2474-3658/1510215
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control measures. J Med Virol 92: 568-576.

5. Wang B, Li R, Lu Z, Huang Y (2020) Does comorbidity 
increase the risk of patients with COVID-19: Evidence from 
meta-analysis. Aging (Albany NY) 12: 6049-6057.

6. (2010) Mars vs. Venus: The gender gap in health. Harv 
Mens Health Watch 14: 1-5.

7. Yang J, Zheng Y, Gou X, Pu K, Chen Z, et al. (2020) 
Prevalence of comorbidities and its effects in coronavirus 
disease 2019 patients: A systematic review and meta-
analysis. Int J Infect Dis 94: 91-95.

8. Emami A, Javanmardi F, Pirbonyeh N, Akbari A (2020) 
Prevalence of underlying diseases in hospitalized patients 
with COVID-19: A systematic review and meta-analysis. 
Arch Acad Emerg Med 8: e35.

9. CDC COVID Data Tracker.

10. Cheng Y, Luo R, Wang K, Zhang M, Wang Z, et al. (2020) 
Kidney disease is associated with in-hospital death of 
patients with COVID-19. Kidney Int 97: 829-838.

11. Duanmu Y, Brown IP, Gibb WR, Singh J, Matheson LW, et 
al. (2020) Characteristics of emergency department patients 
with COVID-19 at a single site in Northern California: 
Clinical observations and public health implications. Acad 
Emerg Med 27: 505-509.

12. Petrilli CM, Jones SA, Yang J, Rajagopalan H, O’Donnell 
L, et al. (2020) Factors associated with hospital admission 
and critical illness among 5279 people with coronavirus 
disease 2019 in New York City: Prospective cohort study. 
BMJ 369: m1966.

13. Grasselli G, Greco M, Zanella A, Albano G, Antonelli M, 
et al. (2020) Risk factors associated with mortality among 
patients with COVID-19 in intensive care units in Lombardy, 
Italy. JAMA Intern Med 180: 1345-1355.

14. Du R-H, Liang L-R, Yang C-Q, Wang W, Cao T-Z, et al. 
(2020) Predictors of mortality for patients with COVID-19 
pneumonia caused by SARS-CoV-2: A prospective cohort 
study. Eur Respir J 55: 2000524.

15. Richardson S, Hirsch JS, Narasimhan M, Crawford 
JM, McGinn T, et al. (2020) Presenting characteristics, 
comorbidities, and outcomes among 5700 patients 
hospitalized with COVID-19 in the New York City area. 
JAMA 323: 2052-2059.

16. Cummings MJ, Baldwin MR, Abrams D, Jacobson SD, Meyer 
BJ, et al. (2020) Epidemiology, clinical course, and outcomes 
of critically ill adults with COVID-19 in New York City: A 
prospective cohort study. The Lancet 395: 1763-1770.

17. Jin J, Agarwala N, Kundu P, Harvey B, Zhang Y, et al. 
(2021) Individual and community-level risk for COVID-19 
mortality in the United States. Nat Med 27: 264-269.

18. Shao Y, Ahmed A, Liappis AP, Faselis C, Nelson SJ, et al. 
(2021) Understanding demographic risk factors for adverse 
outcomes in COVID-19 patients: Explanation of a deep 
learning model. J Healthc Inform Res, 1-20.

19. Gupta S, Hayek SS, Wang W, Chan L, Mathews KS, et al. 
(2020) Factors associated with death in critically ill patients 
with coronavirus disease 2019 in the US. JAMA Intern Med 
180: 1436-1447.

20. Karmakar M, Lantz PM, Tipirneni R (2021) Association of 
social and demographic factors with COVID-19 incidence 
and death rates in the US. JAMA Netw Open 4: e2036462.

the limited availability and sensitivity of SARS-CoV-2 
PCR nasopharyngeal testing and the generalizability 
of our conclusions to other patient populations within 
the United States and in other countries. Additionally, 
differences in admission/discharge and triage decisions 
among groups could affect mortality. This study made 
the assumption patients did not die after discharge 
from the ED or inpatient service -there is potential for 
patients being discharged and subsequently readmitted/
dying elsewhere. To investigate this potential impact we 
performed an ad hoc analysis of deaths post-discharge 
in our EMR in our patient cohort. Our EMR regularly 
reconciles deaths with local vital statistic registries which 
showed 2.7% of our original inpatient cohort had expired 
post-discharge, compared to 0.02% of the ED/outpatient 
cohort. These findings suggest that the majority of 
deaths were likely captured during the visit in the study 
and happened at similar rates from the ED and hospital 
encounter. Generally, it can be assumed outpatients did 
not have severe enough symptoms at time of encounter 
to require hospitalization, making them less likely to 
expire compared to patients who developed severe 
symptoms and presented to the hospital.
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